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INTRODUCTION

Brief Chronology/Timeline of Soybean Physiology and
Botany Research

1943 Dec. – The term “maturity groups” is first used by
Mulvey of Indiana.

250 BCE – The Hanfeizi (Book of Master Han Fei) states
that a particular frost was not heavy enough to kill the
soybean plants.

1951 – Parker and Borthwick, plant physiologists, are the
first report the discovery of a soybean that is “day-neutral”
or photoperiod insensitive. This greatly expands the area,
worldwide, where soybeans can be grown.

1082 CE – The Zhenglei Bencao [Reorganized
Pharmacopoeia], by Tang Shenwei, gives the earliest
known botanical description of a soybean plant.
1853 May – John Lea of Cincinnati, Ohio, speaking of
the Japan Pea, states that it “flourishes under great heat
and drought.” As far as we know, the Chinese had never
reported this key observation.
1854 – A.H. Ernst of Cincinnati, Ohio, is the first to praise
the Japan Pea (soybean) “for its hardihood to resist drought
and frost, together with its enormous yield.”
1879 – Heinrich Attems, writing in German, reports that
the soybean “accepts massive wetness (Hamburger Gartenund Blumenzeitung).
1920 March – The word “photoperiod” is first used in
connection with soybeans by Garner & Allard of the U.S.
Department of Agriculture. The flowering of soybean plants
depends very largely on the number of hours of darkness
they receive each day.”

1972 Sept. – Criswell and Hume of Guelph, Ontario, Canada,
have conducted to experiments to identify soybean varieties
“that were nonsensitive to photoperiod for possible use as
parental lines in a breeding program.” They reported finding
numerous varieties that were “unaffected by photoperiod.”
1972 Nov. – D.E. Polson, Univ. of Minnesota, writes an
article titled “Day Neutrality in Soybeans.”
1974 Nov. – Shanmugasundaram et al. write an article titled
“Photoperiod Insensitivity in Soybeans.”
1979 March – Inouye at al. refer to “photo-insensitive
soybean varieties.”
1993 – The term “long juvenile trait” is first used as a
synonym for photo-insensitive or day-neutral – by Neumaier
and James. In June 1995 Carlos Spehar refers to it as the
“long-juvenile character.” And in 2001 Destro et al. in Brazil
refer to it as the “long juvenile period” (LJP).

1926 Jan. – The first issue of Plant Physiology is
published. It is a peer-reviewed, scientific journal that is
readily available from home computers. To search its entire
archive/contents for soybean(s) go to: academic.oup.com/
plphys
Click Issues > Search icon > Advanced search > Modify
your search. Type in “soybean” Filter: Title > Update:
Click. Sort by: oldest first. We got 1339 records from April
1928. Part II: Use Google Scholar to find the entire record.
We added Address of authors, References cited, and the
same limited abstract used by Google Scholar. We stopped
adding records in Oct. 1976; there were just too many.
1939 May – Growth regulators or floral hormones are first
discussed by Obsil.
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ABOUT THIS BOOK
This is the most comprehensive book ever published about
the history of soybean physiology and botany. It has been
compiled, one record at a time over a period of 42 years,
in an attempt to document the history of this ancient and
interesting subject. It is also the single most current and
useful source of information on this subject.
This is one of more than 100 books compiled by William
Shurtleff and Akiko Aoyagi, and published by the Soyinfo
Center. It is based on historical principles, listing all known
documents and commercial products in chronological order.
It features detailed information on:

•

34 different document types, both published and
unpublished.

•

2198 published documents - extensively annotated
bibliography. Every known publication on the subject in
every language.

•
•

17 unpublished archival documents.

•

10 original Soyinfo Center interviews and overviews
never before published, except perhaps in our books.
0 commercial soy products.

Thus, it is a powerful tool for understanding the development
of this subject from its earliest beginnings to the present.
Each bibliographic record in this book contains (in
addition to the typical author, date, title, volume and pages
information) the author’s address, number of references
cited, original title of all non-English language publications
together with an English translation of the title, month and
issue of publication, and the first author’s first name (if
given). For most books, we state if it is illustrated, whether
or not it has an index, and the height in centimeters.
All of the graphics (labels, ads, leaflets, etc) displayed in this
book are on file, organized by subject, chronologically, in the
Soyinfo Center’s Graphics Collection.
For commercial soy products (CSP), each record includes
(if possible) the product name, date of introduction,
manufacturer’s name, address and phone number, and (in
many cases) ingredients, weight, packaging and price,
storage requirements, nutritional composition, and a
description of the label. Sources of additional information on
each product (such as advertisements, articles, patents, etc.)
are also given.
A complete subject/geographical index is also included.
Copyright © 2021 by Soyinfo Center
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ABBREVIATIONS USED IN THIS BOOK
A&M = Agricultural and Mechanical
Agric. = Agricultural or Agriculture
Agric. Exp. Station = Agricultural Experiment Station
ARS = Agricultural Research Service
ASA = American Soybean Association
Assoc. = Association, Associate
Asst. = Assistant
Aug. = August
Ave. = Avenue
Blvd. = Boulevard
bu = bushel(s)
ca. = about (circa)
cc = cubic centimeter(s)
Chap. = Chapter
cm = centimeter(s)
Co. = company
Corp. = Corporation
Dec. = December
Dep. or Dept. = Department
Depts. = Departments
Div. = Division
Dr. = Drive
E. = East
ed. = edition or editor
e.g. = for example
Exp. = Experiment
Feb. = February
fl oz = fluid ounce(s)
ft = foot or feet
gm = gram(s)
ha = hectare(s)
i.e. = in other words
Inc. = Incorporated
incl. = including
Illust. = Illustrated or Illustration(s)
Inst. = Institute
J. = Journal
J. of the American Oil Chemists’ Soc. = Journal of the
American Oil Chemists’ Society
Jan. = January
kg = kilogram(s)
km = kilometer(s)
Lab. = Laboratory
Labs. = Laboratories
lb = pound(s)
Ltd. = Limited
mcg = microgram(s)
mg = milligram(s)
ml = milliliter(s)

mm = millimeter(s)
N. = North
No. = number or North
Nov. = November
Oct. = October
oz = ounce(s)
p. = page(s)
photo(s) = photograph(s)
P.O. Box = Post Office Box
Prof. = Professor
psi = pounds per square inch
R&D = Research and Development
Rd. = Road
Rev. = Revised
RPM = revolutions per minute
S. = South
SANA = Soyfoods Association of North America
Sept. = September
St. = Street
tonnes = metric tons
trans. = translator(s)
Univ. = University
USB = United Soybean Board
USDA = United States Department of Agriculture
Vol. = volume
V.P. = Vice President
vs. = versus
W. = West
°C = degrees Celsius (Centigrade)
°F = degrees Fahrenheit
> = greater than, more than
< = less than
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HOW TO MAKE THE BEST USE OF THIS DIGITAL BOOK - THREE KEYS

1. Read the Introduction and Chronology/Timeline
located near the beginning of the book; it contains
highlights and a summary of the book.
2. Search the book. The KEY to using this digital book,
which is in PDF format, is to SEARCH IT using Adobe
Acrobat Reader: For those few who do not have it, Google:
Acrobat Reader - then select the free download for your
type of computer.
Click on the link to this book and wait for the book
to load completely and the hourglass by the cursor to
disappear (4-6 minutes).
Type [Ctrl+F] to “Find.” A white search box will appear
near the top right of your screen.
Type in your search term, such as photoperiod or
maturity group.
You will be told how many times this term appears, then
the first one will be highlighted.
To go to the next occurrence, click the down arrow, etc.
3. Use the indexes, located at the end of the book. Suppose
you are looking for all records about tofu. These can appear
in the text under a variety of different names: bean curd,
tahu, doufu, to-fu, etc. Yet all of these will appear (by record
number) under the word “Tofu” in the index. See “How to
Use the Index,” below. Also:
Chronological Order: The publications and products in this
book are listed with the earliest first and the most recent last.
Within each year, references are sorted alphabetically by
author. If you are interested in only current information, start
reading at the back, just before the indexes.
A Reference Book: Like an encyclopedia or any other
reference book, this work is meant to be searched first - to
find exactly the information you are looking for - and then to
be read.
How to Use the Index: A subject and country index is
located at the back of this book. It will help you to go
directly to the specific information that interests you. Browse
through it briefly to familiarize yourself with its contents and
format.
Each record in the book has been assigned a sequential
number, starting with 1 for the first/earliest reference. It
is this number, not the page number, to which the indexes
refer. A publication will typically be listed in each index in

more than one place, and major documents may have 30-40
subject index entries. Thus a publication about the nutritional
value of tofu and soymilk in India would be indexed under
at least four headings in the subject and country index:
Nutrition, Tofu, Soymilk, and Asia, South: India.
Note the extensive use of cross references to help you:
e.g. “Bean curd. See Tofu.”
Countries and States/Provinces: Every record contains
a country keyword. Most USA and Canadian records also
contain a state or province keyword, indexed at “U.S. States”
or “Canadian Provinces and Territories” respectively. All
countries are indexed under their region or continent. Thus
for Egypt, look under Africa: Egypt, and not under Egypt.
For Brazil, see the entry at Latin America, South America:
Brazil. For India, see Asia, South: India. For Australia see
Oceania: Australia.
Most Important Documents: Look in the Index under
“Important Documents -.”
Organizations: Many of the larger, more innovative, or
pioneering soy-related companies appear in the subject
index – companies like ADM / Archer Daniels Midland Co.,
AGP, Cargill, DuPont, Kikkoman, Monsanto, Tofutti, etc.
Worldwide, we index many major soybean crushers, tofu
makers, soymilk and soymilk equipment manufacturers,
soyfoods companies with various products, Seventh-day
Adventist food companies, soy protein makers (including
pioneers), soy sauce manufacturers, soy ice cream, tempeh,
soynut, soy flour companies, etc.
Other key organizations include Society for
Acclimatization (from 1855 in France), American Soybean
Association, National Oilseed/Soybean Processors
Association, Research & Development Centers (Peoria,
Cornell), Meals for Millions Foundation, and International
Soybean Programs (INTSOY, AVRDC, IITA, International
Inst. of Agriculture, and United Nations). Pioneer soy protein
companies include Borden, Drackett, Glidden, Griffith Labs.,
Gunther, Laucks, Protein Technologies International, and
Rich Products.
Soyfoods: Look under the most common name: Tofu, Miso,
Soymilk, Soy Ice Cream, Soy Cheese, Soy Yogurt, Soy
Flour, Green Vegetable Soybeans, or Whole Dry Soybeans.
But note: Soy Proteins: Isolates, Soy Proteins: Textured
Products, etc.
Industrial (Non-Food) Uses of Soybeans: Look under
“Industrial Uses ...” for more than 17 subject headings.

Copyright © 2021 by Soyinfo Center
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Pioneers - Individuals: Laszlo Berczeller, Henry Ford,
Friedrich Haberlandt, Artemy A. Horvath, Englebert
Kaempfer, Mildred Lager, William J. Morse, etc. SoyRelated Movements: Soyfoods Movement, Vegetarianism,
Health and Dietary Reform Movements (esp. 1830-1930s),
Health Foods Movement (1920s-1960s), Animal Welfare/
Rights. These are indexed under the person’s last name or
movement name.
Nutrition: All subjects related to soybean nutrition (protein
quality, minerals, antinutritional factors, etc.) are indexed
under Nutrition, in one of more than 70 subcategories.
Soybean Production: All subjects related to growing,
marketing, and trading soybeans are indexed under Soybean
Production, e.g., Soybean Production: Nitrogen Fixation,
or Soybean Production: Plant Protection, or Soybean
Production: Variety Development.
Other Special Index Headings: Browsing through the
subject index will show you many more interesting subject
headings, such as Industry and Market Statistics, Information
(incl. computers, databases, libraries), Standards,
Bibliographies (works containing more than 50 references),
and History (soy-related).
Commercial Soy Products (CSP): See “About This Book.”
SoyaScan Notes: This is a term we have created exclusively
for use with this database. A SoyaScan Notes Interview
contains all the important material in short interviews
conducted and transcribed by William Shurtleff. This
material has not been published in any other source. Longer
interviews are designated as such, and listed as unpublished
manuscripts. A transcript of each can be ordered from
Soyinfo Center Library. A SoyaScan Notes Summary is a
summary by William Shurtleff of existing information on
one subject.

[23* ref] means that most of these references are not about
soybeans or soyfoods.
Documents Owned by Soyinfo Center: Lack of an *
(asterisk) at the end of a reference indicates that the Soyinfo
Center Library owns all or part of that document. We own
roughly three fourths of the documents listed. Photocopies of
hard-to-find documents or those without copyright protection
can be ordered for a fee. Please contact us for details.
Document Types: The SoyaScan database contains 135+
different types of documents, both published (books,
journal articles, patents, annual reports, theses, catalogs,
news releases, videos, etc.) and unpublished (interviews,
unpublished manuscripts, letters, summaries, etc.).
Customized Database Searches: This book was printed
from SoyaScan, a large computerized database produced
by the Soyinfo Center. Customized/personalized reports
are “The Perfect Book,” containing exactly the information
you need on any subject you can define, and they are now
just a phone call away. For example: Current statistics on
tofu and soymilk production and sales in England, France,
and Germany. Or soybean varietal development and genetic
research in Third World countries before 1970. Or details on
all tofu cheesecakes and dressings ever made. You name it,
we’ve got it. For fast results, call us now!
BIBLIO: The software program used to produce this book
and the SoyaScan database, and to computerize the Soyinfo
Center Library is named BIBLIO. Based on Advanced
Revelation, it was developed by Soyinfo Center, Tony
Cooper and John Ladd.
History of Soybeans and Soyfoods: Many of our digital
books have a corresponding chapter in our forthcoming
scholarly work titled History of Soybeans and Soyfoods
(4 volumes). Manuscript chapters from that book are now
available, free of charge, on our website, www.soyinfocenter.
com and many finished chapters are available free of charge
in PDF format on our website and on Google Books.

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

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

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

Soyinfo Center
P.O. Box 234,
Lafayette, CA 94549 USA
Phone: 925-283-2991
Fax: 925-283-9091
www.soyinfocenter.com
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HISTORY OF SOYBEAN PHYSIOLOGY AND BOTANY
RESEARCH (250 BCE to 2021)

1. Han Fei. 250? BCE. Hanfeizi [The book of Master Han
Fei]. China. Passage on soy reprinted in C.N. Li 1958 #16, p.
41-42. Undated. [Chi]
• Summary: Wade-Giles reference: Han Fei Tzu. Eastern
Zhou dynasty–Warring States period–early 3rd century BCE.
There is some doubt about the authorship of this book. It
may have been written or compiled by the disciples of this
philosopher, rather than by Master Hanfei himself.
Chapter 21 mentions a soup made with soybean leaves
(shuhuo).
Chapter 30 states that the frost was not heavy enough
to kill the soybean (shu) plants. It adds that a person should
place one stone (dan, a unit of weight) of “red shu” (chishu)
outside the east gate. Note 1. The meaning of chishu (red +
shu) is not clear. It probably means “red soybeans,” but it
could mean red “azuki beans.”
Chapter 23 (out of order) states: “We have lots of horses,
soybeans (shu), and millet (su).” (Translated by H.T. Huang,
PhD, Sept. 2001). Dr. Huang adds: Chapter 23 does not state
that the horses were fed soybeans, but it strongly implies that
they were.
H.T. Huang (2000) says this ancient classic is the
earliest document seen that mentions chopsticks (p. 104n). It
also mentions sour, sweet, salty, and bland flavors (p. 283n).
Note 2. This may be the earliest document seen (May
2014) that mentions red soybeans.
Note 3. This is the earliest document seen (July 2021)
stating that soybeans are able to withstand frost.
2. Tang Shenwei. comp. 1082. Jingshi zhenglei beiji
bencao [The classified and consolidated armamentarium
of pharmaceutical natural history]. China. Passage on soy
reprinted in C.N. Li 1958 #299, p. 220-221. [Chi]
• Summary: Wade-Giles reference: Ching-Shih Chêng Lei
Pei-Chi Pên Ts’ao, compiled by T’ang Shên-Wei. Song
dynasty. See Zhenglei Bencao (1082).
Note: This is not a duplicate of the previous record;
however Joseph Needham prefers to cite this Chinese title.
3. Tang Shenwei. comp. 1082. Zhenglei bencao [Reorganized
pharmacopoeia]. China. Passage on soy reprinted in C.N. Li
1958 #299, p. 220-221. [Chi]
• Summary: Wade-Giles reference: Chêng Lei Pên Ts’ao,
compiled by T’ang Shên-Wei. Song dynasty. Needham
(1986, p. 561) says that the full title of this work (in W.-G.)
is Ching-Shih Chêng Lei Pei-Chi Pên Ts’ao. This important

work discusses the medicinal properties of foods. Chapter 25
states that the soybean (dadou) can be used to make sprouts.
When these sprouts are dried, they are called “yellow curls”
(huangjuan). You can also use the [undried] sprouts as food.
Chapter 25 also contains a long passage from the
Bencao Tujing (Illustrated pharmacopoeia) (1061 CE)
on dried soybean sprouts (“yellow curls”), fresh soybean
sprouts, and mature dry soybeans (which see).
Chapter 25 states that fermented black soybean sauce
(shizhi; W.-G. shih chih) from Shan or Shanzhou (same as
today’s Shaanxi province) can be kept for years without
deterioration.
Note 1. This passage suggests that this type of shizhi was
a fermented product which would keep as long as today’s soy
sauce. If this is true, then shizhi would be a precursor of the
soy sauce (jiangyou) that originated in China in the late Song
dynasty (Huang 2000, p. 361).
The next passage appears in a much later book titled
Sannongji, by Zhang Zongfa (W.-G. San Nung Chi, by
Chang Tsung-Fa) (Records of the three departments of
agriculture) (1760 CE). Young soybean plants (doumiao)
grow to a height of 1-2 feet (chi). The leaves are round
with a pointed tip; their color is green (qing) and they have
hairs (mao) on the surface. One stem divides into branches.
In the fall, white flowers appear; they are white or purple,
and grouped together. The pods (jia) are more than an inch
(cun) long, and they typically contain 3-4 seeds, or at least
1-2 seeds. The seeds fill the pods. The pods grow separately
from the leaves. The varieties are early, middle, and late. The
pods are either large or small, round or flat. The colors of the
seeds are yellow, white, red (chi), black, spotted / speckled
(ban), or dark brown. You can [use the seeds to] make jiang
or fermented black soybeans (shi), tofu (fu) or sprouts (ya).
You can press them to give yield oil (you). You can roast / fry
(chao) them to give nuts (guo; soynuts). You can make candy
from grain sweetener (tangmo). It has many uses. The pods
are called jia. The leaves are called huo. The stems are called
qi. The seeds are called dou. (Translated by H.T. Huang,
PhD, Jan. 2003).
Note 2. This is the earliest document seen (July 2021)
that discusses the botany of the soybean plant.
Note 3. This is the earliest document seen (May 2014)
that mentions red (chi) soybeans.
Also mentions malt sugar (yitang) and gluten (Chap.
25). (See Huang 2000, p. 296, 460 {malt sugar}, 498
{gluten}, 611). This work was enlarged in 1116 CE and
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retitled Chêng-Ho Hsin-Hsiu Ching-Shih Chêng-Lei Pei
Yung (New revision of the classified and consolidated
armamentarium pharmacopoeia of the Chêng-Ho reign
period). It was then re-edited 1204 CE in Jurchen Chin, and
definitively republished 1249 CE in Yuan; later reprinted
many times. See also Hummel (1941).
4. Li Shizhen. comp. 1596. Bencao gangmu [The great
pharmacopoeia]. China. Passage on soy reprinted in C.N. Li
1958 #311, p. 224-26. [Chi]
• Summary: Wade-Giles reference: Pên Ts’ao Kang Mu, by
Li Shih-Chên (lived 1518-1593). Ming dynasty. This famous,
classic work was completed in 1578, but not published
until 1596. It describes almost 2,000 animal, vegetable,
and mineral drugs and gives over 8,000 prescriptions. A
rich source of information, it is still very useful. All foods
mentioned are considered as medicines, based on the ancient
Chinese saying: “Food and medicine have the same origin.”
The title might also be translated as “Collected essentials
of herbs and trees.” Or, “Illustrated compendium of materia
medica with commentaries.”
Soybeans and soyfoods are discussed in two chapters
of this book. Chapter 24 contains sections on soybeans,
soybean sprouts, and yellow soybeans, in that order. Chapter
25 has sections on fermented black soybeans, yellow molded
soybeans (Jap. soybean koji), tofu and yuba (doufu pi), jiang,
and soy sauce. Concerning yuba: If a film should form on the
surface of soymilk when it is heated in the process of making
tofu, it should be lifted off and dried to give doufu pi (yuba),
which is itself a delicious food ingredient (Huang 2000, p.
303, 323).
Note 1. This is the earliest Chinese-language document
seen (May 2014) that mentions yuba, which it calls doufu pi.
Note 2. This is the earliest document seen (May 2014)
that describes yuba as being removed at the start of the tofumaking process. If this description is correct it could help
explain the deep and ancient connection between making
bean curd (Chinese: doufu; Japanese: tofu) and making bean
curd skin (Chinese: doufu-pi; Japanese: yuba).
The first part of each section is titled “Explanation
of names”; when these simply repeat material we have
translated from earlier Chinese documents, we will not retranslate it. Another part of each section explains each food
/ medicine in terms of its “nature” or “vital energy” (qi, hot,
warm, neutral, cool, and cold) and “flavor “ (wei, bitter, sour,
sweet, pungent, salty).
The section titled “Soybeans” (dadou) begins by
stating that soybeans are considered a “middle class drug /
medicine” according to the Shennong Bencao Jing (Benjing)
(Classical pharmacopoeia of Shennong, the Heavenly
Husbandman) (100 CE). This section has four parts: (1)
“Explanation of names.” The soybean is shu. The pods are
called jia. The leaves are called huo. The stems are called qi.
(2) “Explanation of uses.” After quoting information from

earlier Chinese sources, he states: The different soybean
varieties are black, white, yellow, spotted / speckled (ban),
green, and striped. The black ones are also called wudou.
They are used for both medicine and food, and for making
fermented black soybeans (shi). The yellow ones are good
for making tofu (fu), for pressing to obtain oil, or for making
jiang. But the other soybean varieties can also be used to
make tofu and can be cooked for food. They are usually
planted before summer. The young plants (miao) grow to
a height of 3-4 feet. The leaves are pointed. In the fall they
have small white flowers which come in clumps about one
inch across. The plants wither in the frost. According to the
Lüshi Chunqiu (Master Lü’s spring and autumn annals) (239
BCE), when soybeans are in season, the stems are long and
the branches are short. The pods come in groups of 27. The
more branches there are, the more nodes. The large soybeans
(shu) are round; the small soybeans (shu) are oval. The early
varieties tend to grow like vines. The leaves float. The nodes
are further apart. The pods are smaller and not solid. The
later varieties have fewer nodes, less space between nodes,
and they are less solid. According to the Fan Shengzhi Shu
(The book of Fan Shengzhi {on agriculture}) (10 BCE), if
you plant soybeans in early summer, you should not plant
them deep because the flowers do not like too much sun; they
will rot and the roots will be scorched. One should adjust the
depth of planting according to the variety. [After harvesting,]
store soybean seeds in a level, shady place in a bag. Take
them out 15 days after winter begins; then you can use them
for planting. Soybeans can be stored quite easily for one full
year, so they can be kept in preparation for a famine year.
(3) Black soybeans–nature and flavor (heidadou qiwei):
They are sweet, neutral, and nontoxic. Prolonged ingestion
will make you / your internal organs feel heavy. When raw,
they are warm. When cooked, they become cold–according
to Zhibo (a person) cited in the Huangdi Neijing Suwen
(Yellow Emperor’s classic of internal medicine: Questions
and answers) (200 BCE). Chang Qi (another person) says:
When soybeans are raw they are neutral, but when they
are roasted they become hot, and when they are boiled
they become cool (han). When made into fermented black
soybeans they become cold (leng). When used to make jiang
or soy sprouts (“raw yellow curls”) they are neutral. When
cattle eat them, they are warm [i.e. they have a warming
effect on the cattle]. When horses eat them, they are cold. So
even though it is one substance, when it is eaten in different
ways, it has different effects.
(4) “Inventions” (faming): Explains the complex
pharmacology and medicinal effects of soybeans on the five
internal organs–such as the kidney, liver, etc.
The section titled “Soybean sprouts” (dadou huangjuan
or “soybean yellow curls”) has two parts: (1) “Explanation of
names.” These are sprouted [soy] beans (dounie). Allow the
black soybean to sprout until it is 5 inches (cun) long. Then
dry it; this is called huangjuan (“yellow curls”). It becomes
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very small when dried. (2) Nature and flavor (qiwei): Sweet,
neutral, nontoxic.
Note 3. This is the earliest document seen (May 2014)
that uses the term dounie to refer to “sprouted soybeans.”
The section titled “Yellow soybeans” (huang dadou)–
explanation of food uses–is divided into three parts: (1)
“Explanation of names.” Similar to the passage above
stating that yellow soybeans are good for making tofu (fu),
for pressing to obtain oil, for making jiang, etc. (2) Nature
and flavor (qiwei): Sweet, warm, nontoxic. (3) Soybean oil
(douyou quiwei) nature and flavor: Pungent, sweet, and hot
(re); slightly toxic.
Note 4. This is the earliest document seen (May 2014)
that uses the term huang dadou to refer to yellow soybeans.
Note 5. This is the earliest Chinese-language document
seen (Aug. 2016) that uses the term douyou (“bean oil”) to
refer to soybean oil.
Note 6. Is fermented tofu (furu) mentioned in this work?
After looking carefully through the Chinese document,
Dr. H.T. Huang says (2002) he cannot find any mention
of it, after another long search. Moreover, he does not
mention this book in the section of his Needham series
book about fermented tofu (2000, p. 325-28). However Dr.
Masaaki Yasuda, a professor in Okinawa, who has spent
his professional career studying tofuyo, a type of fermented
tofu, disagrees. When asked by Wm. Shurtleff about this
specific point he replied (e-mail of 11 Nov. 2011): “You will
find mention of fermented tofu in the Special Issue of Honso
Komoku (Bencao Gangmu) by Li Shih-Chen in 1596. Maybe
you only checked ‘the main issues’ of this book, but actually
he also published other special issues that were not included
in the main issues. You will find the fermented tofu using the
key word furu, not fermented tofu nor rufu. Furu in this book
clearly refers to the fermented tofu that you are searching for.
Of course I read it myself in this book; I did not hear it from
anyone else.”
Red azuki beans (chixiaodou) are also mentioned in this
book; a listing of alternative names, with commentaries, is
given. (See Li 1958 #393).
White beans (baidou) are also mentioned as follows:
White beans (baidou) are mentioned in the Song dynasty.
They are also called fandou. The seedlings can be used as a
vegetable. They are good eaten raw. In eastern Zhejiang the
flavor is especially good. They can be used to make jiang
and tofu (fu). In the north, the watery white beans (shui
baidou) are similar but is not as good. White beans are also
called fandou. They can be used to complement congee /
gruel (zhou) and cooked rice served as a main dish (fan).
According to the author (Li Shizhen) fandou is the same as
white azuki beans. Some white beans have a yellow color.
The beans are about the size of mung beans (lüdou). Plant
them in the 4th or 5th month. The leaves of the seedlings are
like those of red azuki beans (chixiaodou) and can be eaten.
The pods are like those of azuki beans (xiaodou). One kind

of pod comes with leaves like those of the soybean (dadou).
They can be cooked like rice and used to make tofu (fu).
They are of the same category. Nature and flavor (qiwei):
It is sweet, neutral, and nontoxic. (See Li 1958 #467).
(Translated by H.T. Huang, PhD, May 2003). Dr. Huang
adds: The white bean (baidou) could well be the white azuki
bean.
5. Li Shizhen. comp. 1596. Bencao gangmu [The great
pharmacopoeia]. China. Passages on soy reprinted in C.N. Li
1958 #140, p. 95-96, and #311, p. 224-26. [Chi]
• Summary: Continued: Wade-Giles reference: Pên Ts’ao
Kang Mu, by Li Shih-Chên (lived 1518-1593). The following
information on soybeans and soyfoods appears in Chapter 25
of the Bencao Gangmu.
The section titled “Fermented black soybeans” (dadou
shi) is divided into four parts: (1) “Explanation of names.”
The word shi (different character but same pronunciation)
also means something delectable and highly desirable.
According to the Shuowen Jiezi (Analytical dictionary of
characters) (121 CE), you get fermented black soybeans
by adjusting salt and incubating soybeans (shu). (2)
“Explanation of uses” gives a long, detailed description
of how to make fermented black soybeans. See Huang
2000, p. 340-41. Shi can be made from various types of
soybeans. When made from black soybeans, they make good
medicine. There are two kinds of shi [both made by a mold
fermentation]: unsalted / bland fermented black soybeans
(danshi), and salted / savory fermented black soybeans
(yanshi).
To make unsalted / bland fermented black soybeans
(danshi): In the 6th month, take 2-3 dou (20-30 liters) of
black soybeans. Winnow until clean then soak overnight
in water. Steam the beans thoroughly then spread on a
mat. When almost cool, cover beans with artemisia leaves.
Examine them every 3 days. When they are covered, but not
luxuriantly, with a yellow coating [of mold], dry them in
the sun, then winnow until clean. Add enough water to wet
the soybeans, so that when scooped by hand, there will be
wetness between the fingers. Place them in an earthenware
jar (weng) and pack them down tightly. Cover with a 3-inch
layer of mulberry leaves. Seal mouth of jar with mud, then
let stand in the sun for 7 days. Remove beans from jar and
dry them in the sun for an hour. Wet them again and put
them back in the jar. Repeat this process [from wetting and
sunning] 7 times. Finally, steam the beans, cool, dry, and
store in the jar.
To make salted / savory fermented black soybeans
(yanshi): Take 1 dou (10 liters) of soybeans, soak in water
for 3 days, steam thoroughly and spread on a mat (as before).
When the beans are covered with a yellow coating [of mold],
winnow, soak in water, drain off the water, and dry in the
sun. For every 4 catties of beans (1 catty weighs about 1.33
pounds), mix in 1 catty of salt, plus half a catty of finely-cut
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strips of ginger. Place mixture in an earthenware jar. Season
with pepper (jiao), orange peel, perilla, fennel, and almonds.
Add water until it is one inch (cun) above surface of mixture.
Top contents with leaves, then seal the mouth. Sun the jar for
a month; then the savory fermented black soybeans will be
ready.
Huang (2000, p. 341) notes that the process described
above is identical in principal to that in the Qimin Yaoshu
(Important arts for the people’s welfare) (544 CE), reiterated
about 350 years later in the Sishi Zuanyao (Important rules
for the four seasons) (900 CE).
(3) Unsalted / bland fermented black soybeans nature
and flavor (danshi qiwei): Bitter (ku), cold (han) and
nontoxic. (4) Puzhou fermented black soybeans (Puzhou shi)
nature and flavor: Salty (yan), cold (han), nontoxic. Note
1. Puzhou is a place in Shanxi province, China, noted for
its distinctive fermented black soybeans. This is the earliest
document seen (Feb. 2003) that mentions Puzhou shi.
The section titled “Yellow soybean koji” (douhuang,
“bean yellow”) describes the soybeans covered with yellow
mold; they are the first step in making salty fermented black
soybeans and are not a consumer food product. This section
is divided into two parts: (1) “Explanation of names.”
Describes how to make douhuang. According to Li Shizhen
(the author of this book): Take one dou (bushel) of black
soybeans. Steam until cooked through. Spread on a mat and
cover with rushes–as if you were making jiang. Allow the
soybeans to mold until they have a yellow coating. Dry, then
grind. (2) Nature and flavor (qiwei): Sweet, warm, nontoxic.
Dr. Huang offers a comparison of danshi and douhuang
(Feb. 2003 Feb): Unsalted / bland fermented black soybeans
(danshi) is an end product, which is largely free of molds
when it is sold; it was traditionally used in Chinese medicine.
Dr. Huang has never seen or tasted danshi, never heard of
it being used in food, and never seen it for sale in the USA.
Danshi is made by a two-stage fermentation. In the first
stage, after the soybeans are covered with a yellow coat
of mold, they are winnowed, soaked in water, rinsed to
remove most of the white mold and its yellow spores, then
sun dried. In the second stage, the beans are packed tightly
into a container and incubated for 10-15 days depending
on the season. This stage enables the enzymes to act on the
soybeans, digesting some–but not all–of the soy proteins. If
the incubation is too long, some of the excessive peptides
resulting from digestion of soy proteins may give the
danshi a bitter taste. By comparison, yellow soybean koji
(douhuang) is an intermediate stage of soybean processing
not normally sold, but used to make jiang.
(C) The section titled “Tofu”: The first clear recipe for
making tofu in China appears in chapter 25 of this book
(Huang 2000, p. 303). Li says that the process for making
tofu (doufu) originated with the Prince of Huai-Nan, Liu An.
Black [soy] beans, soybeans, white [soy] beans, mud beans,
peas, mung beans, etc. can all be used. There are six steps:

1. Soak the soybeans [in water]. 2. Grind the beans [to give
a slurry]. 3. Filter the milk [to remove the insoluble residue
{okara}]. 4. Cook the milk [for an adequate time]. 5. Add
nigari / bittern (yen lu), leaf of the mountain alum tree (shan
fan), or vinegar to coagulate the milk. 6. Collect the curds.
Note 2. This is the earliest document seen (May 2014)
that describes the basic process for making tofu, either at
home or on a commercial scale.
Li Shizhen continues: One can also obtain curds by
mixing the hot milk in a container with gypsum powder.
Various salty, bitter, sour, or pungent materials can also be
used to coagulate the soymilk.
Note 3. This is the earliest document seen (May 2014)
that mentions nigari. Li (1958) adds: “Vital energy and flavor
(chiwei, of tofu): Sweet, salty, cold / cooling, slightly toxic.”
Huang adds (p. 303) that although Li gives no details about
the tofu-making process, we can surmise that the procedure
used in his time is very similar to that used today in the
Chinese countryside. Huang (2000, p. 304-05) reprints line
drawings (from Hung Kuang-Chu 1984, p. 58-60) of the
traditional process for making tofu still used in China, and
notes that the same curding agents or coagulants listed by Li
Shizhen (bittern, mountain alum, vinegar, and gypsum) are
still in use today.
6. Li Shizhen. comp. 1596. Bencao gangmu [The great
pharmacopoeia]. China. See p. 360-71. 1965 ed., reprint of
1885 edition, Peking. Also reprinted in 1916 by Shanghai
Hong Pao Chai Book Co., Shanghai. [Chi]
• Summary: Wade-Giles reference: Pên Ts’ao Kang Mu, by
Li Shih-Chen (lived 1518-1593). The author: Bretschneider
(1882, in Botanicon Sinicum, p. 54-55) notes: Li was born
at “K’i Chou in Hu pei, probably in the first quarter of
the 16th century, and died toward the close of the same
century. His literary name was Tung pi. He wrote under
the pseudonym Pin hu. As was the case with the majority
of early Chinese physicians of note, Li Shi chen was not
a professional medical man, but a civil functionary and a
magistrate of the district of P’eng k’i (T’ung ch’uan fu, Sz’
ch’uan [Szechuan]). Besides this, his principal work, Li
left several medical treatises. “Li began compilation of this
work in 1552, and after 26 years’ labour he completed it in
1578. He wrote out the manuscript three times before he was
satisfied to give it out as complete. The author died before
it was published, and his son, Li Kien yüan, presented the
manuscript to the Emperor, in 1596, who ordered it to be
printed.”
The work: Called Honso Komoku in Japanese, this is
the most famous of the many Chinese herbals, and the most
important Chinese work on materia medica and natural
history. Also called a botanical encyclopedia, it is the first
treatise of its kind in which the material is treated critically.
Bretschneider (1882, p. 55) adds: “Several editions have
been successively issued. The earliest now extant is, it
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seems, that of Shun chi 15 (1658 CE). All editions which
I have had an opportunity of examining are printed on
indifferent paper and are full of misprints, which make
the book very inconvenient for reference... The preface is
followed by a general index of the 52 books (chapters) of the
work, enumerating the 16 divisions and the 62 classes under
which the whole matter is arranged... It begins with a critical
review of the 42 capital works on Materia media published”
previously.
Concerning the year of publication: Huang (2000, p.
621) says 1596. Yokotsuka (1986, p. 198) says 1590 and
cites this as the earliest Chinese work to mention chiang-yu
and tao-yu (the liquid separated from soybean chiang). Wai
(1964) says 1596. Reischauer and Fairbank (1960, p. 308)
say it was completed in 1578. Li (1958) says 1578. Merrill
& Walker (1938) say 1590. Bretschneider (1882) says:
Completed in 1578 but published in 1596 or 1597.
Talk with H.T. Huang. 1992. March 23. The most
current, and one of the best, editions of this work was
published in 1982 in Beijing by The People’s Health Press
(2,977 pages). It is edited and extensively annotated by
Liu Heng-ju. He compared several of the most important
extant versions, and where they differ (e.g. where a word
is written differently in different versions), he explains
these differences in footnotes, and explains why he chose
the word or text that he did for his basic text. There is no
English translation of the Pen-ts’ao kang-mu, one of the
great scientific works in China (and worldwide) because: (1)
It is a huge book which would take a lifetime to translate;
(2) A vast amount of research would be required for an
accurate translation; and (3) The cost of the translation
and publication, and the relatively limited demand for the
finished work would probably make the venture unprofitable
for a commercial publisher. Perhaps the Chinese Academy
of Traditional Medicine would be able to undertake such a
translation, working jointly with English-speaking Western
scholars.
In the section on soybeans, this work refers to a type
of soy wine called tou-lin chiu (“bean soak wine”) which is
described as a sake-like fermented alcoholic beverage made
from black soybeans. A recipe is given and it is stated that
the Ts’ung-shu chi-ch’eng ch’u-p’ien (1473) said that it cures
post-partum white sickness, apparently an affliction suffered
after the birth of a child.
Note: This is the earliest document seen (Oct. 2012) that
mentions a type of soy wine called tou-lin chiu (“bean soak
wine”) as described above.
Wang and Fang (1987) write: The method of preparing
chiang-yu (soy sauce) was first described in this work.
Cooked soybeans were mixed with wheat flour, pressed into
cakes, and left in the room until the cakes were covered with
yellow mold growth. The molded cakes, or ch’ü, were mixed
with salt and water and aged in the sun. After pressing, the
liquid was known as chiang-yu. Li also described how to

make a similar sauce (shi-tche) by boiling fermented black
soybeans.
Needham (Botany, 1986, p. 318g): “The soya-bean,
Glycine Soja, ta tou, was considered an antidote for
indigestion and poisoned conditions of the intestinal tract,
but Li Shih-Chen found that this never had any effect unless
kan ts’ao (Glycyrrhiza glabra) was given with it (chap. 24,
p. 4a).”
Fukushima (1979, p. 5-6): “The chiang-yu described in
Pen-ts’ao Kang-mu (Honso-Komoku in Japanese), published
in 1590 by Li Shih-chen (Ri Jichin in Japanese) in the Ming
(Min in Japanese) dynasty, was also made with koji [ch’ü]
manufactured by using soybeans and cereals (Fig. 4). (In
this process soybeans were cooked in water, mixed with
wheat, and spontaneously molded to form koji. Salt water
was mixed in with a paddle, then the mash was insulated and
aged. Finally it was filtered to make chiang-yu). The ratio
of soybeans to wheat in the koji making was 3:2. This ratio
is very close to that used in making regular Japanese shoyu,
which is made by using equal amounts of soybeans and
wheat.”
Wai (1964) notes that this book infers that soybean curd
[tofu] was invented by Liu An.
Sato (1963, p. 20), in his book titled “Documents on
Fermented Black Soybeans, Chiang, Miso, and Shoyu,”
cites this as the fourth earliest Chinese document seen on the
subject. It was translated into Japanese by Suzuki Shintai.
Morohashi (1955) translated parts of the Bencao related
to [soy] bean oil (douyu), bean sprouts (douya, dounieh),
fermented black soybeans (doushi), tofu (doufu), [soy] bean
flour (doufen), bean soak wine (doulinjiu), soybeans (dadou–
production; there are black, white, yellow, dark brown,
green, and speckled soybeans).
Hagerty (1917, p. 23-24. Translation of Wu 1848): Li
Shih-chên (Author of the Pên ts’ao kang mu), says: “The Ta
tou class of beans includes the Black, White, Yellow, Gray,
Azure, and Mottled. In all, there is a number of colors among
these beans. The Hsiao tou, or Small bean, includes three
or four varieties. The Fan tou (2 Cc), or Food bean, is also
called Pai tou, or White bean. (Stuart’s C.M.M. says this
latter variety is used as a pot herb). There is also an earthyellow colored. bean, called the Lu (?) tou (2 Cc). This bean
grows wild, but at present, the people also cultivate it, and
it is now known as the Hei hsiao tou (3 Cc), or Small black
bean. At present, in the northern sections of China, we see
the following varieties of Hsiao tou, or Small bean: White,
Yellow, Black, Scarlet, and Green.”
Page 24: “Li Shih-chén says: ‘The stalks of the Ta
tou bean are three or four feet high, the leaves are round.
with pointed tip. In the fall season they have a small white
blossom. After the plant has acquired a dense growth it is
covered with pods, of an inch or more in length. After the
coming of frost, they are withered (ripe?). The Hsiao tou, or
Small bean, when cooked becomes soft, like gruel. The Ta
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tou, or Large bean, when ripe is harder and more brittle.’”
Hagerty (1917, p. 80): “Tou fu (2 Cc), or Bean Curd:
The Pen ts’ao kang mu, a Chinese Herbal by Li Shih-chên,
says: ‘The earliest mention of the method of making Tou
fu, or Bean curd, is found in the Han Dynasty Taoist work
entitled Huai Nan Tzu, or Writings or Liu An, (a Prince of
Huai-nan, died BC 122)...”
Bretschneider 1882 (Vol. 1, p. 54-55): “42. The (4
Cc) Pen Ts’ao Kang Mu. This celebrated Chinese Materia
medica, written more than 300 years ago, which we are now
about to review, is well known also in Europe. Translations
from it have frequently been published by European
sinologues. It forms the type of all the Chinese productions
of this class, is held in high esteem by the Chinese, and
represents indeed the most important native work on Materia
medica and Natural History. It is the first treatise of this kind
in which the matter is more critically treated.”
7. Martini, Bartolomeo. 1701. Erbario generale. Vol. I.
[General herbarium. Vol. I]. Italy. [Ita]*
• Summary: Bartolomeo Martini lived 1676-1720.
Note 1. P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Martini (1701) was the
earliest writer in Italy to mention the soybean, and that the
soybean was cultivated in Italy starting in the mid-1700s.
Saccardo (1909, p. xxi) also states of this work: “Atti del
R. Ist. Veneto.”
Mattei (1919, p. 15) states: With the existence, as I
have stated, of essays on the soybean in the Herbarium of
Bartolomeo Martini of Verona, an herbarium written in 1701,
one might suspect that from that time the soybean was being
cultivated in the Verona region; but who could have brought
the seeds? And if this were the case, why do we not find any
reports of it in somewhat later authors? Or was the abovementioned essay brought directly from the Orient. It should
be noted that Kaempfer’s voyage to Japan dates to 1690,
and we have the first accurate reports on the soybean in
1712 with Kaempfer’s own publication. Should we perhaps
believe that some study, brought back by Kaempfer, was
given to Martini? He might have obtained it from Zannichelli
who, as Targioni-Tozzetti relates, in the life of Micheli,
carried on a correspondence with Martini himself? Assuredly
Kaempfer had to regard a plant which is used for so many
purposes in Japan as important and it is possible he brought
back essays about it, and perhaps even seeds.
Therefore: It is not clear whether or not Martini
described one or more soybean plants growing in what is
today Italy. If he did:
Note 2. This is the earliest document seen (April 2020)
concerning soybeans in Italy, or the cultivation of soybeans
in Italy. This document contains the earliest date seen for
soybeans in Italy, or the cultivation of soybeans in Italy
(1701). The source of these soybeans is unknown.
Note 3. It would be very interesting to know when and

how soybeans arrived in Italy, where they were first grown
and by whom. Address: Italy.
8. Sherard, William. 1704. [Autograph observations on the
first two volumes of John Ray’s Historia Plantarum. 2 vols.
in 1]. See p. 438. Unpublished manuscript. [Eng]*
• Summary: Some of the notes from this unpublished
manuscript (cited in The Compleat Herbal) were
incorporated into John Ray’s 1704 work titled Historia
Plantarum, Vol. 3, Supplementum, which see. John Ray lived
1627-1705.
Note: Tournefort in The Compleat Herbal (1730, p.
481; published in London), states: “81. Phaseolus Japonicus
fructo albo, ex quo Soia conficiunct Japoneses.” He cites his
source as “D. Sherard. Raii Supp. 438,” then translates the
Latin as “Japanese Kidney bean with a white fruit, out of
which the Japanese make their Soia.”
Concerning this document, an article by B. Daydon
Jackson in the Journal of Botany 12:129-38 (1874) titled
“A sketch of the life of William Sherard,” states: “In 1700
Sherard was appointed tutor to Henry, second Duke of
Beaufort... Sherard stayed here for about two years, until
his Grace was eighteen, busy getting new seeds and plants
for the garden, in which the Dowager Duchess took the
keenest interest, and which then stood second to none in the
kingdom, and helping Ray, now in a weak state of health, to
revise his MSS. for the concluding volume of the ‘Historia
Plantarum,’ to which he contributed ‘over a thousand plants.’
A part of his additions in his own handwriting is preserved in
the Botanical Department of the British Museum.”
Stafleu and Cowan in Taxonomic Literature (1976-88)
note: Sherard, a British botanist, lived 1659-1728. He studied
law at Oxford (St. John’s College, B.C.L. 1683), botany
in Paris (under J.P. Tournefort, 1686-1688) and Leiden
(Netherlands, with P. Hermann 1688-1689). He was in
Ireland 1690-1694; D. C.L. Oxford 1694; Consul at Smyrna
[Izmir, Turkey] 1702-1716; collecting in Greece and Asia
Minor; founded a chair of Botany at Oxford of which J.J.
Dillenius was the first occupant.
9. Kaempfer, Engelbert. 1712. Amoenitatum exoticarum
politico-physico-medicarum, fasculi v. [Exotic novelties,
political, physical, medical. Vol. 5]. Lemgoviae, Germany:
H.W. Meyer. 912 p. See p. 837-40, 834-35. Illust. p. 838.
Reprint of original edition published in 1983 by Steiner
(Wiesbaden). [Lat]
• Summary: This is Kaempfer’s first major work, his most
famous, and his first to mention the soybean. Kaempfer
was born on 16 September 1651 at Lemgo, in what is today
Germany. [Note 1. Germany was not a country until 1871.
Lemgo is presently a city in North Rhine-Westphalia, 44
miles southwest of Hannover.] He lived and traveled in
Japan from 23 September 1690 to November 1692 and
made many interesting observations. This book, written
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in Latin, was published in Lemgo in 1712, some 16 years
after his homecoming. The fifth fascicle of the 900 page
book, which contains a description of the plants of Japan,
includes a full-page illustration (drawing; p. 838), by
Kaempfer, of a soybean plant with details of the flower
parts and their names. This is the earliest illustration of a
soybean plant published in the Western world. Also contains
a description of the plant, and descriptions of how to make
miso and shoyu. He called the soybean “Daídsu” and wrote
the Chinese characters before the romanized name in the

sequence “zu” “dai” from left to
right. The actual Japanese spelling is
“daizu.”
Note 2. This the earliest published
Western or European document seen
(March 2021) that refers to soybean
as Daidsu.
Note 3. This the earliest published
Western or European document seen
(April 2021) about the soybean and
the earliest one that links the soybean
and products made from it (miso and
shoyu / soy sauce).
Note 4. This is the earliest
document seen (March 2021) written
by a European or Westerner in which
Chinese characters are used to write
the name of the soybean or related
products.
Kaempfer’s description of the
soybean in Latin (p. 837-40) begins: “Daídsu, vulgo &
literatis; & ob excellentiam Mame, i.e. legumen, dictus.
Phaseolus erectus, siliquis Lupini, fructu pisi majoris
candido...”
Translated into English, this reads: “Daidsu–as people
and scientists call it, is also called ‘mame’ for its excellence.
An upright bean, a leguminous plant like the lupin, with
whitish fruit somewhat larger than peas. A bean, similar
to the afore-mentioned, but four feet high and with more
branches and leaves, with upright stem, irregular branches
and with hairs. It stretches forth leaves like the garden bean,
but with more pubescence on the under side of the leaf. In
the month of August it bears on pedicels in the axil of the
leaves several bluish white flowers with a large standard,
which resemble those of lentils. These tiny blossoms are
followed by pods measuring 1½ inches long, which are
covered with heavy hairs (pubescence) resembling those
of the yellow lupin. The pods contain two, and more rarely
three seeds, similar to garden peas in size, shape and taste,
but laterally somewhat compressed, and with a chestnut
brown eye (hilum).
“This legume supplies to the Japanese kitchen vital
elements, for they make from it the following: 1–A kind of
pap that they call miso, which is added to dishes instead of
butter. Butter is unknown under this strip of heaven. 2–And
then the famous so-called shoyu (Sooju), a sauce which is
poured over if not all dishes, at least over all cooked and
fried meals. I add the processing methods for both.
“To make miso, one takes one measure of mame or
phaseolus Daidsu (phaseolorum Daids) which is cooked with
water for a long time and then brayed or ground and mixed
into a soft pap. Under continued braying, common salt is
added, in summer four parts, in winter three. If less salt is
added, one gets the product quicker, but shelf life is shorter.
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After reducing has been repeated, one mixes the pap with
koos [he probably meant koji] or dehulled rice (Oryza), and
mixes the total by repeated braying. This rice in preparation
has been boiled a little in the steam of unsalted water. One
lets the mixture cool down and remain in a warm cellar one
or two days and nights to ripen. This mixture, which has the
texture of a pap or spread, is put into a bowl that recently
contained the popular sacki, a rice wine. Before using, one
lets the bowl stand one or two months untouched. Koos lends
to the product an agreeable taste, and its production requires,
like that of the Germans’ ‘polenta’ [gruel] the experienced
hand of the master. Those therefore who make it are held in
high esteem, and they sell it ready made.
Note 5. This is the earliest Latin-language document
seen (April 2021) (and the earliest document published in
Europe) that mentions miso, which it calls Miso. It is also the
earliest document seen (April 2021) that compares miso to
butter.
“To make shoyu (Sooju) one uses the same beans just
as thoroughly cooked. And muggi, which is barley or wheat
fermented (with wheat the product becomes darker) which
has been coarsely ground. One mixes equal units with
ordinary salt, or only one unit with half of it. The beans are
blended with the prepared grain, and one lets the mixture
stand in a warm place under cover a day and a night for
fermentation. Then the salt is added, one stirs the mass and
mixes with water, normally two units to half. When this has
been done, the well covered mass is stirred once (better two
or three times) the next day and each subsequent day by
means of an oven rake. This work is continued for two or
three months, then the mass compressed and filtered and the
liquid preserved in wooden containers. The older it becomes,
the clearer and better it will be. The squeezed mass is again
filled up with water and newly stirred and some days after
treatment pressed again.
Note 6. This is the earliest document seen (March 2021)
that uses the word koos to refer to koji, or that uses the word
Sooju to refer to shoyu (soy sauce).
Paragraph 3 reads as follows in the original Latin: “Hoc
legumen in coquina Japonicâ utramque replet paginam; Ex
eo namque conficitur: tum puls Miso dicta, quæ ferculis pro
consistentiâ & butyri loco additur, butyrum enim hôc coelô
res ignota est; tum Sooju dictumcelebre embamma, quod nisi
ferculis, certè frictis & assatis omnibus affunditur. Utriusque
conficiendi modum appono:”
On pages 832-33 Kaempfer describes various types of
sea vegetables including Ama nori, Tokoto tengusa, Aonori,
Konbu, Arame, Miru, etc.
On page 834 Kaempfer lists the Go-koku (five chief
cereal grains): come [kome], Oryza in genere: quinque grana
Japoniis go kokf secundum excellentiam dicuntur: come,
Oryza [rice]; o muggi, Hordeum [wheat]; ko muggi, Triticum
[barley]; daidsu [daizu, soybean], Phaseoli facie Lupini;
& sjodsu seu adsuki, Phaseoli vulgaribus similes [Adzuki,

azuki, or Phaseolus radiatus, L.].
On page 834 he mentions awa and hie millets
(Panicum), soba (buckwheat; Fagopyrum sativum), goma
(sesame; Sesamum), keshi (poppies, Papaver), and maybe
peas (Pisum) or Soramame (broad beans).
On page 836 are botanical descriptions, each with 1-2
Chinese characters (read from right to left), of: Broad beans
(Sora mame), sword beans (Natta mame [nata mame]),
peanuts (Nankin mame or Nankino), and cowpeas (Sasagi
[sasage], Shiro Sasangi).
On p. 837 is a detailed botanical description (in Latin)
of the azuki bean, starting with a Chinese character: “Too,
vulgo Atsuki [Adzuki], Phaseolus hirsutus...” Note 7. This is
the earliest Latin-language document seen (March 2021) that
mentions azuki beans, which it calls sjodsu, adsuki, or atsuki.
On page 840 are shorter descriptions (in Latin) of
“Siuku, vulgo Kuro mame [Black soybean], i.e. Phaseoli
nigri. Phaseoli Daidsu species sive varietas, fructo nigro,”
and “Katz, vulgo Kudsu [Kudzu], Kudsu Kádsura.”
Note 8. This is the earliest document seen (March 2021)
concerning soy in connection with (but not yet in) Germany.
Other early authors to cite soy were Linnaeus (1747, p. 222,
and 1753, p. 727), Osbeck (1771, p. 253), Linnaeus (1772, p.
171), de Candolle (1885, p. 331), Yule & Burnell (1886, p.
651), and Blasdale (1899).
Note 9. This is the earliest document seen (March 2021)
by or concerning Englebert Kaempfer in connection with
soybeans.
Note 10. This is the earliest document seen (March
2021) that mentions lupins.
Note 11. This is the earliest document seen (March
2021) that mentions both lentils and soybeans.
An illustration, which is thought to show Engelbert
Kaempfer riding on a horse in Japan, was sent to Soyfoods
Center by Herr Deubel of Germany. Address: Lemgo,
Germany.
10. Hermann, Paul (Paulo Hermanno). 1717. Musaeum
Zeylanicum, sive catalogus plantarum, in Zeylana sponte
nascentium,... [The museum of Ceylon, or a catalog of
plants native to Ceylon]. Lugduni Batavorum (Leiden,
Netherlands): Printed by Isaacum Severinum. 71 p. See p.
22. 8vo. 20 cm. Reprinted in 1977 by Boerhaave Press, P.O.
Box 1051, Leiden (Holland). [Lat]
• Summary: “Bumum. Buncæ. Phaseoli villosi species. Bu
notat capillos teneres feu villos. Datur & alia species lævis
fine villis.”
The author’s name on the title page is written Paulo
Hermanno. His title is given as “In Academia Lugdono–
Batava quondam Medicinæ & Botanices Professore”
[Professor of Medicine and Botany at Leiden, the
Netherlands]. A German born in Saxony in 1646, Hermann
was the first serious botanist in Sri Lanka.
Note 1. Germany was not a country until 1871.
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Piper and Morse (1923, p. 27-29) note: “History prior
to Linnaeus ‘Species Plantarum,’ 1753... Paul Hermann
(1726), collected plants in Ceylon, which were very briefly
described under the native names in a book called ‘Musæum
Zeylanicum’ published in 1717. One of these plants was
called ‘Bumum’ or ‘Buncæ’ and is very briefly described as
a species of bean with villose hairs [villose or villous means
‘having soft long hairs’]. Hermann’s original specimens
are still preserved. One of them numbered 280, is also
represented by a beautiful and accurate drawing. This plant is
probably Hermann’s ‘Buncæ.’ At any rate, it is the soybean.
The name ‘Bume’ is at the present time used in Ceylon for
the mung bean, so that it is probable that Hermann’s name
‘Bumum’ refers to the same plant and that he erroneously
associated it with ‘Buncae’ which is the soybean.” In his
Species Plantarum, published in 1753,
“Under Dolichos soja, Linnæus cites first “Fl. Zeyl.
534.” This reference is to the Flora Zeylanica of Linnæus,
published in 1747, and based primarily on Hermann’s
notes and specimens. The description there is only slightly
different from that in the Species Plantarum... From this
description it is evident that Linnæus had primarily in mind
the plant cultivated in Ceylon and collected by Hermann,
whose specimen still exists and is the soybean.”
Note 2. This is the earliest document seen (March
2021) concerning soybeans in Ceylon, or the cultivation of
soybeans in Ceylon. This document contains the earliest date
seen for soybeans in Ceylon, or the cultivation of soybeans
in Ceylon (1717). The source of these soybeans is unknown.
They may have been introduced by Dutch traders as early
as the mid-1600s at the time of the Dutch occupation (from
1658 to 1796), when cultural practices were introduced from
the Dutch East Indies (today’s Indonesia).
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in South Asia, or the cultivation of
soybeans in South Asia. This document contains the earliest
date seen for soybeans in South Asia, or the cultivation of
soybeans in South Asia (1717). The source of these soybeans
is unknown (see above).
Note 4. This is the earliest document seen (March 2021)
concerning soybeans in connection with (but not yet in)
the Netherlands. Paul Hermann (lived 1646-1695) was a
Dutch botanist and explorer of German birth, who travelled
in Africa, India and Ceylon. He was Professor of Botany at
Leiden 1680-95. Address: Ceylon (Sri Lanka).
11. Hermann, Paul. 1726. Musaeum Zeylanicum, sive
catalogus plantarum, in Zeylana sponte nascentium,... Editio
secunda [The museum of Ceylon, or a catalog of plants
native to Ceylon. 2nd ed.]. Lugduni Batavorum (Leiden,
Netherlands): Printed by D. Vander Vecht. 71 p. See p. 22.
First edition was 1717. [Lat]
• Summary: “Bumum. Buncæ. Phaseoli villosi species. Bu
notat capillos teneres feu villos. Datur & alia-species lævis

fine villis.”
The author’s name on the title page is written Paulo
Hermanno. His title is given as “In Academia Lugdono–
Batava quondam Medicinae & Botanices Professore”
[Professor of Medicine and Botany at Leiden, the
Netherlands]. For details see the 1717 edition of this book.
Address: Ceylon (Sri Lanka).
12. Tournefort, Joseph Pitton de. 1730. The compleat herbal:
or the botanical institutions of Monsr. Tournefort, Chief
Botanist to the late French King... translated [by J. Martyn]
from the original Latin. With large additions, from Ray,
Gerard, Parkinson, and others. Vol. II. London: Printed for
J. Walthoe... See p. 481. No. 81. Reproduced from John Ray
1704. [2 ref. Lat; Eng]
• Summary: “80. Phaseolus Japonicus niger. Butyri vices
supplens Deysumisi boondi, D. Sherard. Raii Supp. 438.
Black Japanese Kidney-bean supplying the place of Butter.”
Note 1. This citation and the one that follows were
reproduced from William Sherard’s 1704 unpublished
manuscript titled Autograph observations on the first two
volumes of John Ray’s Historia Plantarum (2 volumes in
1), p. 438. But Tournefort made a small error in transcribing
Ray’s text. Ray actually wrote Deysu-Misi-boondi D.
Sherard. This text almost certainly refers to “Daizu-Misobeans,” thus stating that black soybeans are used to make
miso. Early Europeans occasionally considered miso to be a
type of butter.
“81. Phaseolus Japonicus fructo albo, ex quo Soia
conficiunt Japoneses, D. Sherard. Raii Supp. 438.” Japanese
kidney bean with a white fruit, out of which the Japanese
make their Soia.
Note 2. This is the 2nd earliest English-language
document seen (Feb. 2006) that uses the term “Kidneybean” (or kidney bean) or the term “Japanese Kidney-bean”
to refer to the soybean. Address: France.
13. Burman, Johannes (Burmanni, Joannis). 1737. Thesauras
Zeylanicus, exhibens plantas in insula Zeylana nascentes
[Treasury of Ceylon, showing the plants native to Ceylon].
Amsterdam, Netherlands: Janssonio-Waesbergios. 8 + 235 +
[15] 33 p. See p. 190. Portrait of author. Illust. (110 plates).
29 cm. [2 ref. Lat]
• Summary: It is not clear whether or not this work mentions
the soybean. Page 190 states: “Phaseolus erectus, caule &
folio rigidis, flore pallide luteo, siliqua crassa & ampla.
Boerh. Ind. in Octavo pag. 152. qui semine est variegato, &
idem semine albo...”
This book was published the same year as Linnaeus’
first Latin naming of soy in Hortus Cliffortiana (1737). Piper
and Morse (1923) make no mention of this work except
in their bibliography. A full-page illustration (frontispiece,
engraving) facing the title page shows “Joannes Burmannus,
Med. Doct.” wearing a wig. Address: Medical doctor and
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botany professor in Horto Medico, Amsterdam.
14. Linnaeus, Carolus. 1737. Hortus Cliffortianus: Plantas
exhibens quas in hortis tam vivis quam siccis, Hartecampi in
Hollandia, coluit... [The Clifford Garden. Exhibiting plants,
both live and dry, which a most noble and generous man,
George Clifford, doctor of both laws, raised in his gardens
at Hartecamp, Holland]. In: J. Cramer and K.K. Swann, eds.
1737. Historiae Naturalis Classica. Vol. 63, Reprint 1968.
New York: Stechert-Hafner Service Agency. See p. 499. [3
ref. Lat]
• Summary: “3. Phaseolus caule recto anguloso hispido.
“Phaseolus erectus, caule & folio rigidis, flore pallide
luteo, siliqua crassa & ampla. Boerh. ind. 152.
“Phaseolus ortocaulis [orthocaulis in 1763 ed.], Mungo
persarum, Turcarum Masc, hispanorum Max. Hern. mex.
887. Boerh. lugdb. 2. p. 28.
“Crescit in Virginia, unde e seminibus delatis prodiit.”
The description of the soybean is based on plants
cultivated in the garden of George Clifford at Hartecamp, the
Netherlands. Original specimens, which still exist, show that
this plant was a soybean.
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in the Netherlands, or the cultivation
of soybeans in the Netherlands. This document contains
the earliest date seen for soybeans in the Netherlands, or
the cultivation of soybeans in the Netherlands (1737). The
source of these soybeans is unknown, but they may have
been brought from Japan or the Dutch East Indies by ships
importing soy sauce to the Netherlands.
Note 2. This is the earliest document seen (March
2021) concerning soybeans in Europe, or the cultivation of
soybeans in Europe. This document contains the earliest date
seen for soybeans in Europe, or the cultivation of soybeans
in Europe (1737). The source of these soybeans is unknown.
Thus, the soybean probably reached Europe at a relatively
late date.
Note 3. This is also the earliest document seen (March
2021) concerning soya in connection with (but not yet in)
Sweden, since Linnaeus was a Swede and was visiting the
Netherlands from his home in Sweden.
Note the interesting statement on the last line of quoted
text that this soybean was grown in Virginia! If so (which we
doubt), it would be the earliest document seen (March 2021)
that mentions soybeans, or the cultivation of soybeans in
Virginia, and in the United States. The source of this concept
could not have been the book titled The Carolinian florist of
Governor John Drayton of South Carolina 1766-1822, since
Linnaeus’ book was published before 1766.
In The Soybean (1923, p. 30), Piper and Morse
comment on the above as follows: “This description differs
somewhat from that of [Linnaeus’ Species Plantarum in]
1753, particularly in that the seed was supposedly from
Virginia. This is doubtless an error, and it will be observed

that Linnaeus makes no mention of Virginia in his later
description.”
Note 4. George Clifford lived 1685-1760. For a
description of his life and work, and of the circumstances
under which Linnaeus wrote this book, see W. Blunt’s The
Compleat Naturalist: A Life of Linnaeus (1971).
Also discusses the peanut (Arachis, p. 353). Address:
Amsterdam, Netherlands.
15. Royen, Adrian van. 1740. Florae Leydensis Prodromus,
exhibens plantas quae in Horto Academico Lugduno-Batavo
aluntur [Preliminary work on flora of Leiden / Leyden,
showing the plants which are grown in the Leiden Academic
Garden...]. Lugduni Batavorum (Leiden), Netherlands:
Printed by Samuelem Luchtmans. 538 p. For soybean, See p.
367. For Arachis (peanut) see p. 390. [4 ref. Lat]
• Summary: Concerning the soybean, under “Phaseolus” we
read: “1. Phaseolus caule recto anguloso hispido. Linn. h.
Cliff. 499.”
Note 1. This is exactly the same description of the
soybean as in Hortus Cliffortianus (Linnaeus 1737, p. 499).
Linnaeus assisted the author in parts of this work.
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Note 2. Leiden or Leyden (pronounced LAI-den) is a
city South Holland province in the southwest Netherlands,
whose ancient Latin name was Lugdunum Batavorum. The
University of Leiden was founded there in 1575.
Note 3. Also mentions the peanut (Arachis, p. 390),
Vicia faba (p. 366) and four Lupinus species. Address: M.D.,
Leiden, Netherlands.
16. Linnaeus, Carolus. 1747. Flora Zeylanica; sistens plantas
indicas Zeylonæ insulæ; quae olim 1670-1677, lectae fuere
a Paulo Hermanno, Prof. Bot. Leydensi [A flora of Ceylon:
Setting forth Indian plants of the island of Ceylon, collected
by Paul Hermann, Professor of Botany at Leiden, in 167077]. Holmiæ [Stockholm]: Sumtu & Literis Laurentii Salvii.
19 + [9] + 240 + [20] + 14 p. See p. 222 (Plant number 534,
Dolichos). [2 ref. Lat]
• Summary: This book is based primarily on plant specimens
collected in Ceylon by Paul Hermann from 1670-1677, and
accompanying notes written by Hermann. The description of
the soybean, under Diadelphia, is as follows:
“534. DOLICHOS caule erecto flexuoso, racemis
axillaribus erectis, leguminibus pendulis hispidis
subdispermis
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido, Kæmpf. amoen. 837. t. 838.
“Soja officinarum. Dal. pharm. 238.
“Obs. Habitat in zeylona culta.”
Here Linnaeus cites Kaempfer’s Amoenitatum
Exoticarum (1712, p. 837 with an illustration [in
Kaempfer’s book of a soybean plant] on p. 838), and Dale’s
Pharmacalogiae (1705, p. 238). The very important last
line, based on Hermann’s collection, reads: “Observations.
Cultivated in Ceylon.”
Note 1. This is the earliest document seen (March 2021)
that uses the word “Soja” in connection with the soybean.
This “Soja” was apparently transcribed incorrectly from
Dale’s term “Soia.” Dale wrote “Soia offic.”
Note 2. In this work, Linnaeus does not give the soybean
a binomial scientific name. Address: Uppsala, Sweden.
17. Rumphius, Georgius Everhardus. 1747. Herbarium
Amboinense. Vol. 5 [The flora of Amboina. Vol. 5].
Amstelaedami (Amsterdam). See p. 388-89. Illustration, pl.
140. [Lat; Dut]
• Summary: Liber IX. cap. XXXI [Book 9, Chap. 31]. The
left-hand column, titled “Cadelium. Cadelie.” is written in
Latin. The right-hand column titled “De Cadelie-Plant” is
written in Dutch. This is a Phaseolus niger, in growth and
shape similar to the Katjang Kitsjil, although a smaller bush,
about a foot high, with most branches located up high, a little
tipping down. The lower stem is round, the top rough. The
leaves are ordered three-by-three, on long branches, thinner
and smaller than the average Katjang, and almost similar to
the Lagondi, but somewhat peaky, with yellow flowers like

the little Katjang.
Note 1. This is the earliest document seen (March
2021) that refers to the soybean as Cadelim, Cadelie, or De
Cadelie-Plant.
The fruit are short pods, more than a finger length long
and half a finger wide, rough on the outside and flat, hanging
together in groups. Inside are 2-3 little beans, looking like
lentils, maybe a little longer but bigger, and very black. The
multiple roots are long, thin and fibrous with some swellings
or warts [root nodules] here and there.
Names: Latin: Phaseolus niger, & Cadelium. Malay,
Javanese, and Balinese: Kadelee. Flemish (Belgice): Zwarte
Boontjes. Chinese (Sinice): Authau [au-tau?].
Occurrence: On Amboina [or Ambon, an island of the
Moluccas in today’s Indonesia] they are rare, but they are
more abundant on Java, Bali, and other Malaysian islands.
Cultivation: If scarce, they were pushed into the soil, but
the Javanese and Balinese, who have large fields of them,
sow them since the birds do not eat the bitter seeds. The
ripe bushes are pulled out completely, the leaves rubbed off
(since not a lot of leaves are left on the ripe bushes), bound
8-10 together and hung up. When people want to eat them,
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they are put in warm water (bush and all), the pods open up
and the beans are taken out. Or the dried beans are taken out
of the pod and cooked into something special.
When they are sown on plowed land, the rows are
covered using a broom of the stiff leaves of the Goemoetoe
tree or Sagueers / Sagueri tree. To keep the birds from eating
the ripe seeds, the young white leaves of the aforementioned
tree are cut into thin strips, attached to long ropes and hung
over the Katjang field. The wind moving the strips scare
away the birds or a boy is assigned to do so.
Utilization: These little beans were cooked and eaten
like other beans, although they are not widely consumed that
way because they are harder and bitter. Most were sold to the
Chinese, who use them to make flour, which is in turn made
into low-quality noodles (Lara in Latin, Laxa in Dutch),
called Tautsjiam. These are long, flat strips, resembling
vermicelli, which they cut out of rolled-out dough, then dry
in the sun and bind together into bundles. These noodles are
cooked with meat or poultry, and thinly cut cabbage, which
creates a special (although in our nation considered to look

disgusting) and delicious tasting food, easy to digest, and
allowed to be served to all sick people. But the real noodles
of this type (Lara, Laxa) are made from rice- and wheat flour,
which are thick round strips like vermicelli. The noodles
from the little beans are very thin and small flat strips since
the flour of the Kadelee makes a flexible but tough dough,
which can be rolled out very thinly since of all beans the
Kadelee have the toughest substance.
The beans are first roasted a little over a fire until the
black skin opens or puffs up, then they are pounded steadily
in a mortar (Dutch: Rystbloek) until the hulls come off;
then one can run and grind the dehulled beans into a sticky
substance. From this flour the Chinese also make another
food called Tahu (tofu), because the dough, which is about
as thick as one’s thumb, and spread out on a table, they cut
squares or marbles, which they then cook in bacon fat with
spices and coriander, just like our cooks make certain balls
from flour, sliced bacon, and spices.
A superb, large illustration (pl. 140) shows a soybean
plant with leaves, pods, and roots (but no nodules). In the
lower left-hand corner is a close-up illustration of one
soybean pod attached to a stem, and two soybean seeds.
Rumphius did not draw this himself. Since he was now blind,
a scribe drew it following his description (see below).
In summary: Rumphius reported soybeans (Cadelium,
Malay name = kadelee) in Amboina in 1747. He also
reported many food uses (tofu, roasted soy flour made
into noodles, green vegetable soybeans, black whole dry
soybeans) and use as green manure. However he did not
mention soy sauce (kecap / ketchup), which by 1747 had
been exported to Europe as “ketchup” for about a century by
the Dutch East India Co. and Dutch traders.
Brief biography of Rumphius: Georg Eberhard Rumpf
(lived 1627-1702; Latinized name Georgius Everhardus
Rumphius), born in what is today Germany, was a naturalist.
Germany was not a country until 1871. In late 1652 he
enlisted as a midshipman in the Dutch East India Co. In
Dec. he left Texel island in Holland and in June 1653 he
arrived at Batavia, the chief Dutch city on Java in the Dutch
East Indies. On 8 Nov. 1653 he was sent by the company to
Amboina (now Ambon Island in the Maluku Archipelago
[Spice Islands, Moluccas], in eastern Indonesia). In Feb.
1662 he was given a salary and permission to work as a
naturalist on Amboina. By 1663 he had been at work for
some time on his first book, a flora (Amboinsch Kruidboek,
Herbarium Amboinensis). Most of his writing on this book
is thought to have been done between 1653 and 1670. In late
1690 the manuscript for the first six of twelve books were
ready to be sent to Batavia. In mid-1692 the text was sent
on to the Netherlands with the ship Waterland. But on Sept.
12 this ship was sunk by the French and all the text was lost.
Fortunately a copy had been retained. But by the spring of
1670 Rumphius had gone blind through overuse of his eyes.
So he was given scribes and artists by the company to be his

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 28
hands and eyes. In 1673, aided by his wife, he commenced
to translate the Latin text of his work into Dutch. On 17
Feb. 1674, his wife and youngest daughter were killed in
a violent earthquake that devastated Amboina. In 1687 a
huge fire destroyed his library, many of his manuscripts,
and his illustrations to the book. Although 60 years old,
blind, and feeble, Rumphius was undaunted. He started
all over describing to scribes and artists the multitude of
plants he had written of and illustrated. He, of course, never
saw these new illustrations. On 8 Feb. 1696 the remaining
manuscript chapters were sent on the ship Sir Janslandt to
the Netherlands. When, in 1696, the Herbarium Amboinensis
finally arrived in the Netherlands, the directors of the
Dutch East India Co. “decided that it contained so much
sensitive [valuable] information that it would be better not
to publish” the work, which was later edited by J. Burmann.
The magnificently illustrated work was finally published in
six folio parts in Amsterdam between 1741 and 1750–more
than 39 years after Rumphius’s death (compiled from many
sources). Vol. 5 of 6, which mentions the soybean was
published in 1747, after Kaempfer, Hermann, and Linnaeus
had published their description of the soybean.
Rumphius gave a good description of the soybean plant,
called it Cadelium, mentioned that the native Amboinese
name was kadelee (now spelled kedele), said that it grew
most abundantly in Java, Bali, and other Malayan islands,
and included a remarkably good illustration of the plant.
Only the position of the pods is incorrect. (Piper & Morse
1923; Hymowitz 1981).
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in today’s Indonesia, or the cultivation
of soybeans in Indonesia. This is the earliest written
botanical description of the soybean, though the fourth
earliest one to be published. He wrote this 20 years before
Englebert Kaempfer went to Japan.
Note 3. To determine the earliest date seen for soybeans
in Indonesia, we must look at Rumphius’s life. From the
above we can say that he had probably seen soybeans
in Amboina by 1670, and definitely by 1696. These are
also probably the earliest dates seen for the cultivation of
soybeans in Indonesia. The source of these soybeans is
unknown. However, it seems very likely that soybeans were
cultivated in today’s Indonesia long before they were seen or
reported by Rumphius.
Note 4. This is the earliest document seen (March 2021)
concerning soybeans in Southeast Asia, or the cultivation
of soybeans in Southeast Asia. This document contains the
earliest date seen for soybeans in Southeast Asia, or the
cultivation of soybeans in Southeast Asia (1747).
Note 5. This is the earliest Latin-language or Dutchlanguage or document seen (March 2021) that mentions tofu,
which it calls Tahu.
Note 6. This is the earliest document seen (March 2021)
stating that green soybean plants can be plowed under as

green manure to enrich the soil.
Note 7. This is the earliest document seen (March 2021)
stating that a type of vermicelli or noodles is made with
soybeans.
Note 8. This book also contains early references to
Dolichos sinensis (p. 375; the yard-long bean or asparagus
bean) and to Phaseolus niger (p. 388).
Note 9. This is the earliest document seen (March 2021)
describing work with soyfoods or soybeans outside China;
yet people must have been working with soyfoods in many
countries outside China centuries earlier. Address: Amboina,
Dutch East Indies.
18. Linnaeus, Carolus. 1749. Materia medica, Liber I. de
plantis. Digestus secundum, genera,... [Materia medica,
Book I, concerning plants. A digest according to genera].
Amstelædami: Printed by J. Wetstenium. xxix + 252 p. See
p. 127. 21 cm. [3 ref. Lat]
• Summary: “363. Dolichos caule erecto flexuoso, racemis
axillaribus erectis, leguminibus pendulis hispidis dispermis.
Fl. zeyl. 534.
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido. Kaempf. amoen. 837 t. 838.
“Loc: India orientalis. Peregrina.
“Pharm: Soja. Qual: sapida. Vis: culinaris. Usus:
Anorexia. Comp: Intinctus cibi.”
Note: The title of this book changed when the second
edition was published in 1772. It became “Materia medica,
per regna tria naturae.” The information on Dolichos soja
appeared on p. 171-72. Address: Sweden.
19. Linnaeus, Carolus. 1753. Species plantarum. Vol. II.
[Species of plants. Vol. II.]. Stockholm, Sweden. 1200 p. See
p. 725, 727. First edition. [3 ref. Lat]
• Summary: Phaseolus max (the soybean) is described on p.
725 as follows: “(11) Phaseolus Max., caule erecto anguloso
hispido, luguminibus pendulus hirtis. Hort. cliff. [Hortus
Cliffortianus] p. 499. Roy. lugdb. 367. Fl. zeyl. [Flora
zeylanica] 280.
“Phaseolus orthocaulis, Mungo persarum. Herm. mex.
887.
“Habitat in India.”
Dolichos soja (also the soybean) is described on p.
727 as follows: “11. Dolichos Soja. caule erecto flexuoso,
racemis axillaribus erectis, luguminibus pendulis hispidis
subdispermis. Fl. zeyl. 534 Mat. med. 363.
“Phaseolus rectus, siliquis lupini, fructu pisi majoris
candido. Kæmpf. amoen. 837. t. 838.
“Habitat in India.”
In The Soybean (1923, p. 28-30), Piper and Morse
give a clear explanation of Linnaeus’ original descriptions
for Dolichos soja and Phaseolus max, which later caused
great taxonomic confusion, but which led to max eventually
becoming the species name for the cultivated soybean. The
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term “Phaseolus” goes back to the Greek word for “bean”
and “max” comes from the Latin “maximus” meaning
“large.” Thus “Phaseolus max” means “large bean.” Piper
and Morse write:
“Linnæus’ Misunderstandings of the Soybean.–Scientific
botanical names began with the publication of Linnæus’
Species Plantarum in 1753. The reason for this is because
Linnæus reduced all plant names to binomials, that is
composed of two words [Genus + species name], while those
of previous writers were mostly composed of several or
many words. At the time of this publication, it appears that
the soybean had been described by Kæmpfer from Japan, by
Hermann from Ceylon, by Rumphius from the East Indies
[today’s Indonesia], and by Linnæus from a plant grown in
Clifford’s garden. Both Rumphius and Linnæus, however,
cited descriptions of still other writers which they mistakenly
assumed related to the same plant.
“The actual confusion which took place was mainly
due to an error in Linnæus. In the first edition of the Species
Plantarum (1753) he describes two supposedly different
plants. The first, on page 725, he called Phaseolus max
and the second, on page 727, Dolichos soja. He had in his
herbarium specimens of Phaseolus max from Clifford’s
garden, but his description of Dolichos soja was purely a
compilation from other writers. To understand the confusion
that this gave rise to, it is best to follow first the story of
Dolichos soja. Linnæus original description is as follows:
“11. Dolichos soja. Caule erecto flexuoso, racemis
axillaribus erectis, leguminibus pendulis hispidis
subdispermis. Fl. zeyl. 534. Mat. med. 363.
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido. Kæmpf. amoen. 837 t. 838.
“Habitat in India.”
This may be rendered into English as follows:
“Dolichos with erect flexuous stem; racemes axillary,
erect; pods pendent, hispid, mostly 2-seeded.
“Erect bean with pods like those of lupin and seed like a
large white pea.
“Native country, India.”
“The description is so brief that without further evidence
it would be practically impossible to identify the plant.
Such evidence is secured partly from the older books which
Linnæus cites and partly from preserved specimens.
“Under Dolichos soja, Linnæus cites first “Fl. Zeyl.
534.” This reference is to the Flora Zeylanica of Linnæus,
published in 1747, and based primarily on Hermann’s
notes and specimens. The description there is only slightly
different from that in the Species Plantarum and is as
follows:
“534. Dolichos caule erecto flexuoso, racemis axillaribus
erectis, leguminibus pendulis hispidis subdispermis
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido, Kæmpf. amoen. 837. t. 838.
“Soja officinarum. Dal. pharm. 238.

“Obs. Habitat in zeylona culta.”
From this description it is evident that Linnæus had
primarily in mind the plant cultivated in Ceylon and
collected by Hermann, whose specimen still exists and is
the soybean. The Kæmpfer reference also pertains to the
soybean.
“The name ‘soja’ used in Japan for the soybean was
not mentioned by Kæmpfer but Linnæus was already
familiar with it, as he had referred to it in his Materia
Medica published in 1749. Linnæus indeed cites Dale’s
Pharmacologiæ, the first edition of which was published in
1705, at which date European pharmacologists were already
familiar with the Japanese soybean and its medicinal uses.
Dale calls it Soia officinarum and doubtless Linnæus got
the name soja from this author. “In regard to Phaseolus max
Linnæus, much doubt has existed as to its identity, which
has recently been cleared up by a careful study of Linnæus’
original specimen still preserved. The original description of
Phaseolus max [p. 725] is as follows:
“11. Phaseolus max. Caule erecto anguloso hispido
leguminibus pendulis hirtis. Hort. cliff. 499. Roy. lugdb. 367.
Fl. zeyl. 280.
“Phaseolus orthocaulis, Mungo persarum. Herm. mex.
887.
“Habitat in India.”
“It will be noted that the first citation under the brief
description refers to Hortus Cliffortianus, a work published
by Linnæus in 1737. The description in this book is as
follows:
“3. Phaseolus caule recto anguloso hispido.
“Phaseolus erectus, caule & folio rigidis, flore pallide
luteo, siliqua crassa & ampla. Boerh. ind. 152.
“Phaseolus ortocaulis, Mungo persarum, turcarum Masc,
hispanorum Max. Hern. mex. 887. Boerh. lugdb. 2, p. 28.
“Crescit in Virginia, unde e seminibus delatis prodiit.”
“This description differs somewhat from that of
[Linnæus’ Species Plantarum in] 1753, particularly in that
the seed was supposedly from Virginia. This is doubtless an
error, and it will be observed that Linnæus makes no mention
of Virginia in his later description. Of the other citations
in the 1753 description, the first refers to Royen’s Florae
Leydensis Prodromus, where the description is exactly as
in the Hortus Cliffortianus, while the latter citation is to
Linnæus’ Flora Zeylanica, containing a description based on
Hermann’s plant from Ceylon.
“It is thus perfectly clear that the first part of Linnæus’
description of Phaseolus max and the first three citations
all refer to the soybean, but from Sir David Prain’s (1897)
careful study of the matter it would appear that Linnæus
really intended the name Phaseolus max to apply to the
mung bean of India. Linnæus repeated the description
of Phaseolus max in the second edition of the Species
Plantarum, published in 1763 but dropped it entirely in
1767 without any word of explanation. In 1767, however,
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he describes fully the mung bean under the name Phaseolus
mungo.”
Note: What was the source of Linnaeus’ information
that Dolichos soja, the soybean, grows in India? According
to Bretschneider (1880, p. 88-91) it is probably his student
and fellow Swede, Per (Pehr) Osbeck (1723-1805). Osbeck
placed all of his collections in the hands of Linnaeus, who
described the plants in his Species Plantarum, published a
year after Osbeck’s return. Osbeck’s original account of his
voyage appeared in 1757 in his native language, Swedish,
titled Dagbok öfver en ostindisk resa. Linnaeus is indebted
to this book for the greater part of the Chinese plants and
animals he described. All of the 244 Chinese specimens
collected by Osbeck belong to the neighborhood of Canton.
Most of the plants Linnaeus knew from China were those
collected by Osbeck, but Linnaeus seems to have been under
the mistaken impression that Osbeck’s plants came from
India, a place that Osbeck never visited.
E.H. Walker (1976, p. 584) noted: “The name max was
said by Linnaeus to be a Spanish plant name.”
Note: This is the earliest document seen (Nov. 2002) that
uses the term “erect” to describe the soybean plant. Address:
Uppsala, Sweden.
20. Stickman, Olavus. 1754. Herbarium Amboinense, quod
concens. experient. facult. mecicæ in Regia Academia
Upsaliensi, sub presædio ... Caroli Linnaei [The flora of
Ambon / Amboina...]. Upsaliae, exc. L.M. Hojer. 28 p. See p.
23? 19 x 15 cm. [Lat]*
• Summary: A commentary on the Herbarium Amboinense
(1747) by G.E. Rumpf (Rumphius; See vol. 5, p. 388-89).
In this work, Olavus / Olav Stickman, one of Linnaeus’
pupils, provides a concordance between the botanical
names employed in Herbarium Amboinense and modern
Linnean binomials. This is the first place where Linnaeus
/ Stickman reduced the name of the soybean to Phaseolus
max. Stickman defended his thesis on 11 May 1854, with his
advisor, Linnaeus, present at the public examination.
Note 1. The National Union Catalog cites this as:
Linnaeus, C. (praeses). [1754] ... Herbarium amboinense ...
Library of Congress collection of academic dissertations.
Dissertation–Upsala [Uppsala, Upsaliæ] (Olof Stickman,
respondent). A commentary on the work of G.E. Rumpf.
Also in Linnaeus’ Amoenitates academicae, vol. 4, ed. 1,
1759 (and 1760).
Note 2. Ambon, Amboina, or Amboyna is an island of
the Moluccas, Indonesia.
21. Linnaeus, Carolus. 1758. Systema naturae per regna tria
naturae, secundum classes, ordines, genera, species, cum
characteribus, differentiis, synonimis, locis... ed. 10. 2 vols.
[A system of nature for the three natural kingdoms... ed. 10.
2 vols.]. Holmiae: Impensis Direct. Laurentii Salvii. See vol.
2, p. 1162. 20 cm. [1 ref. Lat]

• Summary: “777. Phaseolus. Carina cum staminibus
styloque spiraliter tortis.” Then there are listings of 11
Phaseolus species, of which the soybean is number 11.
“Phaseolus max. 11. Ph. caule erecto anguloso hispido,
legum. pendulis hirtis. Rumph. amb. [Rumphius, Amboina]
5. t. 140.
Merrill says “Third place where Linnaeus reduces the
soybean name to Phaseolus max.”
22. Linnaeus, Carolus. 1759. Amoenitates Academicæ; seu
dissertationes variæ physicæ, medicæ, botanicæ, [Academic
delights or various dissertations on physics, medicine,
botany, previously published separately and now collected
and augmented with copper plates. Vol. 4]. Holmiae
[Stockholm, Sweden], sumtu & literis. L. Salvii. 600 leaves.
See p. 132. This is a 10 volume work. [Lat]
• Summary: On page 112 starts a part of this book titled
Herbarium Amboinense [The flora of Amboina. Olof
Stickman, respondent]. It is dated Uppsala 1754. On page
132 (no. 140) Linnaeus repeats (from the original 1754
edition of this work) his reduction the name of the soybean
to Phaseolus max.
23. Allioni, Carlo. 1760. Synopsis methodica stirp. Horti
Taurinensis [Systematic synopsis of species in the botanical
garden of Turin]. Taurini [Turin], Italy. (Miscell. Taurin. II).
[Lat]*
• Summary: Carlo Allioni lived 1728-1804.
Note: P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Allioni (1760) was the
2nd earliest writer in Italy to mention the soybean.
Mattei (1919, p. 15) states that in 1760 Allioni mentions
its cultivation in the Botanical Gardens of Turin. Address:
Italy.
24. Linnaeus, Carolus. 1763. Species plantarum. 2nd ed. Vol.
II. [Species of plants. 2nd ed. Vol. II.]. Stockholm, Sweden.
p. 785-1684 + 64 pages of indexes. See p. 1018 (Phaseolus
max, no. 11) and p. 1023 (Dolichos Soja, no. 24). [3 ref. Lat]
• Summary: In chapter titled “Diadelphia Decandria” under
“Phaseolus” we read (p. 1018): “11. Phaseolus max. Caule
erecto anguloso hispido leguminibus pendulis hirtis. Hort.
cliff. 499. Roy. lugdb. 367. Fl. zeyl. 280. Gron. orient. 217.
Phaseolus orthocaulis, Mungo persarum. Herm. mex. 887.
Fructus niger, coriandro similis. Bauh. pin. 413 [Bauhin,
Caspar. 1623. Pinax Theatri Botanici...]. Caedelium. Rumph.
amb. 5. p. 388. t. 140. Habitat in India.” Annual. The entry
just above this (p. 1018) is for Phaseolus radiatus, but azuki
is not mentioned.
In the same chapter under “Dolichos” we read (p. 1023).
24. Dolichos Soja. Caule erecto flexuoso, racemis axillaribus
erectis, leguminibus pendulis hispidis subdispermis. Fl. zeyl.
534. Mat. med. 363. Phaseolus erectus, siliquis lupini, fructu
pisi majoris candido. Kaempf. amoen. 837 t. 838. Habitat in
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India.”
To expand the abbreviated citations Linnaeus uses above
under Dolichos Soja: Flora Zeylanicum p. 534, Materia
Medica p. 363, and Amoenitatum Exoticarum, p. 837.
In the same chapter under Arachis (p. 1040-41)
discusses the Arachis hypogæa, the peanut. “Hort. cliff. 353”
[Hortus Cliffortianus = Clifford’s Garden, Amsterdam 1738
{dated ‘1737’}]. “Hort. ups. 228, 390” [Hortus Upsaliensis
= The Uppsala Garden, Stockholm 1748]. Address: Uppsala,
Sweden.
25. Bergius, Peter Jonas. 1764. Soja-bonan [Soy-beans].
Kongliga Svenska Vetenskapsacademiens Handlingar
25:271-75. Oct/Dec. [3 ref. Swe]
• Summary: Botanical studies, including the famous works
of our great reformers, Mr. Archiat. and Carl Linnaeus,
which brought such excellent clarity, are ever more closely
approaching their zenith. This is particularly so in the
case of unknown vegetables, grown in distant lands, being
subsequently discovered and brought out of the darkness.
This leads science away from beautiful plants, although
what would then inevitably contribute to facilitating
and aiding in this extensive study would be if on all the
already-known species were given accurate and ample
descriptions, which could be used in the many cases where
the mere differentiation of species does not provide enough
information. Both of these types of deficiencies still apply
today, and whenever possible an observant botanist could
make up for these so much better if accurate drawings could
be enclosed where they are missing. Do you not think that

this is a field that, for the sake of its own expansiveness,
extends even to our descendants and which certainly requires
money, brain power and effort?
Henceforth for my part, as often as the opportunity
arises, I do not want to spare my zeal in this useful topic,
and at this time received the honor of submitting a botanical
description of a rare Dolichos, along with an accurate
drawing (see Table IX.), to the Royal Academy, which I
was entrusted with from beans. When I look at the image
by the aforementioned Kaempfer, it immediately strikes me
that the flowers are depicted so large and apparent, since I
also know, both from my own growing experience and from
those grown by Royal Master Gardener Mr. Fredr. Volmer
this year, that the small blue-white flowers are barely visible
unless, to see them, the calyx was opened, within which
they bloomed clandestinely without spreading out. But
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when I read the very description by Kaempfer, I see that
his soy flowers behaved in the same way as mine, and that
their shape in that case is therefore incorrect. On the other
hand, however, the difference in climate could cause some
difference in the size of the flowers. From Rheed in Hort.
Malab. Tom. 8 tub. 37, there is a kind of bean under the
name of Putsja- paerú that seems quite similar to this soy
plant, but the large flowers it has in front of it, and its smooth
stem and petiole, naturally constitute significant distinctions.
Since soy sauce has become a coveted commodity
of abundance, which draws money out of the realm, it
would certainly be good if the soy bean were to become
accustomed to our climate, so that it could sow ripe seeds
and reproduce in cold soil, but it is uncertain whether such a
thing is even possible to do, especially so since in the orange
tree belt itself it seems to be fragile, and requires such a
long time before coming into bloom that the whole summer
has past, thus leaving no time for maturity later on. In this
respect, it may seem somewhat ambiguous as to whether a
knowledge of soy sauce processing can be of any real use
to us. But I have every reason to believe that soy sauce will
be able to be made by our neighbors. Turkish beans, since
the taste of the soy beans will probably be fairly close to
them. A circumstance that deserves to be investigated and
ascertained. Note 1. Translated by Thor Truelson.
Note 2. Plate IX, located near the end of the volume, is a
large, superb illustration of a soy bean plant.
Note 3. Plenck (1784) cites this as Bergius m. m. p. 606
and Schwed. Abhandl. Part 25.
Note 4. Beckmann (1798) miscites this as Bergius,
Abhandlungen der Schwedisch Akad. 26:281. Address:
Sweden.
26. Linnaeus, Carolus. 1766-1768. Systema naturae: per
regna tria natura... ed. 2. 2 vols. [Natural system: for the
three kingdoms of nature. 2nd ed. 2 vols.]. Holmiae: L.
Salvli. See vol. 2, p. 482-83. [Lat]*
• Summary: In this second edition of his Systema Naturae,
Linnaeus continued to recognize Dolichos Soja as a valid
and distinct entity from Phaseolus Mungo.
27. Bergius, Peter Jonas. 1767. Die Soja-bohne
[The soybean]. Königliche Swedische Akademie der
Wissenschaften Abhandlungen, aus der Naturlehre,
Haushaltungskunst und Mechanik, auf das Jahr 1764 (Royal
Swedish Academy of Sciences: Discourses from Physical
Sciences, Home Economics, and Mechanics) 26:280-83.
Illust. [3 ref. Ger]
• Summary: This is a German translation of Bergius 1764,
which is in Swedish. The full-page illustration is identical.
This is a yearbook from the Royal Swedish Academy
of Sciences which Abraham Gotthelf Kästner translates into
German each year.
With the most gracious permission of the Elector Prince

of Saxony Leipzig, Widow of Adam Heinrich Hollen (den
Adam Heinrich Hollens Witwe) [publishing house]
The knowledge of herbs–which through the
praiseworthy efforts of our great reformer, the archiater Sir
Linnaeus, has been brought to such splendid completeness–
approaches its greatest height more and more, the more the
plants that grow in distant lands and are unknown to us are
discovered and brought forth out of the darkness. Although
this does in fact provide science from year to year with a
considerable increase, in addition to this it would contribute
a great deal to the enlightenment and assistance of this broad
reaching diligence if all known species would be described
precisely and adequately. Such descriptions would be useful
in many cases, since the simple differentiae specificae do not
provide adequate light.
Both of these shortcomings await being remedied to the
greatest degree possible by a diligent and attentive expert in
herbs. It would be all the better if correct illustrations were
also included where thus far none are available. Would this
not be a field which, because of its size, could also occupy
our descendants and which would certainly require great
costs, head-breaking, and work?
For my part, in the future as often as there is an
opportunity, I do not wish to spare my efforts in this useful
undertaking, and for this I have the honor of presenting to the
Royal Academy a botanical description and precise drawing
(Table IX) of a rare Dolichos which I raised this year from
beans about which Captain Ekeberg informed me this past
year upon his return from the East Indies. This Dolichos is
in fact the plant from which the well-known and fine-tasting
soy (Soja) [probably “soy sauce”] is made in China, Japan,
and several other locations. And as Mr. Ekeberg provided
in this year’s edition of the Abhandlungen [Discourses] a
correct description of how the Chinese soy sauce is prepared,
it will not be unsuitable (so wird es sich nicht übel schicken)
that in fact in the Abbildungen, a correct description of
the soybean plant (Sojagewächs) itself appears. We in fact
already have a drawing of it in the Kämpfer Amoen. exot. p.
838, but since it is very incomplete and has not been well
received, in my opinion it is not sufficient for the subject.
In Mr. Linnaeus’ Spec. plant. p. 1023, this plant is
called Dolichos soja. The difference with the species is:
Dolichos caule erecto flexuoso, racemis axillaribus erectis,
leguminibus pendulis hispidis subdispermis.
I have set down a description of my freshly blooming
plant here, and specifically in Latin, which is the most usual
language among herb experts.
A Latin botanical description of the soybean follows:
When I view the previously mentioned drawing by
Kämpfer, then it is immediately striking to me that the
flowers are so large and clearly mature, since I in fact
definitely know that with the plants that grew in part with me
and in part with the Royal Gardener Mr. Friedrich Volmer
this year, the small, bluish-white flowers were hardly to be
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seen if in order to see them, the calyx was not opened in
which they bloomed hidden without coming out. But after
I read the description in Kämpfer itself, then I see that his
soybean flowers (Sojablumen) behaved the way that mine
did, and therefore his drawing is incorrect in this aspect.
Otherwise, the difference in the region could also indeed
cause some inequality.
In Rheed. Hort. Malab. vol. 8, Table 37, a species of
beans appears under the name Putsja paerú which appears to
be rather similar to this soybean plant (Sojagewächse), but
the large flowers which it has and its smooth stems and stalk
constitute very considerable signs of differentiation.
Because soy sauce (Sojasauce) is a good that is not a
necessity and yet so very much sought after, drawing money
out of the empire, it would certainly be good if soybeans
could be made accustomed to our area such that they would
bear mature seeds here and could be reproduced in the open
earth. But whether this can be done is uncertain, particularly
since even in the heat of greenhouses, it is so tender and
requires so much time before it achieves blossoming that
in the meantime the entire summer has passed by and
therefore no more time remains for maturation. To that
extent, it still appears to be quite ambiguous to what extent
the knowledge of the preparation of the soy sauce (Soja)
can be an advantage here as an actual benefit. But I have
every cause to believe that this soy sauce can be made
from our usual Turkish beans, because the taste of the
soybeans (Sojabohnen) very much corresponds to those. This
circumstance deserves further study.
Kästner’s affiliations are: Royal British Privy Councillor
of Mathematics and Professor of Physical Sciences at
Göttingen (Königlicher Grossbrittanischer Hofrat der
Mathematik und Naturlehre zu Göttingen); member of the
Royal Society of Sciences there (Königliche Gesellschaft der
Wissenschaften), the Royal Swedish and Prussian Academy
of Sciences (Königliche Schwedische und Preussische
Akademy der Wissenschaften), the Erfurt Electoral Prince’s
Society of Useful Sciences (Erfurtische Churfürstliche
Gesellschaft nützlicher Wissenschaften), the Bologna
Institute (Bononisches Institut), the Academiae Augustae of
Perugia (Perusinische Academiae Augustae); most senior
member at the Royal German Society (Königliche deutsche
Gesellschaft) in Göttingen, member of the Leipzig German
Society (Leipziger deutsche Gesellschaft) and the Society of
the Free Arts (Gesellschaft der freyen Künste) there, and the
Jena Latin and German Societies (Jenaischen lateinische und
teutsche Gesellschaften).
Note: The seal on the title page shows that this actual
volume is owned by the Royal Bavarian University Library,
Erlangen. Address: Sweden.
28. Linnaeus, Carolus. 1772. Materia medica, per regna tria
naturae [Materia medica (medicinal substances) from the
three kingdoms of nature]. Lipsiae et Erlange (Leipzig and

Erlangen, Germany): Wolfgang Waltherum. See Dolichos
Soja, p. 171-72. 21 cm. [3 ref. Lat]
• Summary: “379. Dolichos Soja caule erecto flexuoso,
racemis axillaribus erectis, leguminibus pendulis hispidis
subdispermis. Fl. zeyl. 534. Sp. pl. 1023.
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido. Kaempf. amoen. 837 t. 838.
“Loc: India orientalis. Peregrina.
“Pharm: Soja. Qual: subdulcis, sicca, farinacea. Vis:
culinaris. Usus: Anorexia. Comp: Intinctus cibi.”
In this document, Linnaeus first gave the soybean a
binomial scientific name, Dolichos Soja, and became the
first to use the term “Soja” as part of the scientific name of
the soybean. Thus, this is the earliest document seen that
mentions “Dolichos Soja.” This was also Linnaeus’ first
reference to soy sauce (which he called “Soja,” a term which
came from Samuel Dale [1705], who called it “Soia”). Since
soy sauce stimulates the appetite, it can be used to treat
anorexia.
Note 1. The title of this book changed when the second
edition was published in 1772. The original edition was
published in 1749. Note 2. Germany was not a country until
1871. Address: Stockholm, Sweden.
29. Farsetti, Antonio Francesco. 1780. Catalogo delle
piante che esistono nel giardino del nobil uomo S. Antonio
Francesco Farsetti nella Villa di Sala [Catalog of the plants
in garden of the nobleman S. Antonio Francesco Farsetti at
Villa di Sala]. Venezia [Venice], Italy: Stamperia Palese. 48
p. 22 cm. [Ita]*
• Summary: Antonio Francesco Farsetti died in 1808.
Note 1. P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Farsetti (1780) was the
3rd earliest writer in Italy to mention the soybean.
Saccardo (1909, p. xxi) states of this work: “MS. nella
Biblioteca dell’ Orto Padovao.”
Note 2. Mattei (1919, p. 16) states that in 1780 Abbot
(l’Abate) Farsetti introduced it to his Santa Maria di Sala
garden near Venice. Address: Abbot (Abate), Italy.
30. Jacquin, Nikolaus Joseph. 1781. Icones plantarum
rariorum [Illustrations of very rare plants]. Vindobonae
[Vienna]: C.F. Wappler. See vol. 1, p. 146. Color illust., plate
145. Also published in London, Leiden, and Strasbourg. [3
ref. Lat]
• Summary: In the section on Diadelphia, under Decandria,
we find: “145 Dolichos soja, caule suberecto, flexuoso,
hirsuto; racemis axillaribus, brevissimis, vel floribus
aggregatis, erectis; leguminibus hirsutis; pendulis. Linn
syst. Jacq. coll. vol. I. Phaseolus erectus, siliquis lupini,
etc. Kæmpf. amoen. Caulis florentis pars summa. Legumen.
Semen.”
A rough translation of this is: “Dolichos Soja, stem
suberect, winding, hairy; clusters green, axillary, short, or

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 34

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 35
an aggregation of the flowers, erect; legumes hirsute (hairy);
pendulums. Linn syst. Jacq. coll. vol. I. kidney failure, lupin
pods, etc. Kæmpf. amoen. the top part of flowering stem.
Legume. Seed.”
A superb color illustration (Plate 145) shows the
soybean plant (Dolichos Soja), with details of one pod and
one seed.
Questions: Did Jacquin see this soybean plant growing?
If so, where? It might have been in Austria but we cannot be
sure. If it were in Austria this would be the earliest document
seen (March 2021) showing the soybean in Austria.
Note: This is the earliest document seen (March 2021)
concerning soya in connection with (but not yet in) the
Austro-Hungarian Empire.
The author’s name on the title page is given as Nicolao
Josepho Jacquin. He lived 1727-1817. At the bottom of the
title page of volume I is written “From the year 1781 to
1786.” Address: Prof. of Botany, Vienna, Austria.
31. Bryant, Charles. 1783. Flora diætetica: Or history of
esculent plants, both domestic and foreign. In which they are
accurately described, and reduced to their Linnæan generic
and specific names. With their English names annexed, and
ranged under eleven general heads. London: B. White. 379 p.
See p. 297, 300-01. [2 ref]
• Summary: In Chapter VII. Leguminous plants. Section
I. Pods and seeds of herbaceous plants (p. 297), there is a
listing for “3. Dolichos soja. East India Kidney Bean.” Pages
300-01 contain full details: “Dolichos soja. Indian Kidney
Bean. Lin. Sp. pl. 1023. This is a perennial and a native of
India. It sends up an erect, slender, hairy stalk, to the height
of about four feet, furnished with leaves much like those of
the Common Kidney Bean, but more hairy underneath. The
flowers are produced in erect racemi, at the bosoms of the
leaves; they are of the pea-kind, of a bluish white color, and
are succeeded by pendulous, hairy pods, resembling those of
the Yellow Lupine, each containing three or four oval, white
seeds, a little larger than peas.
“This plant is much cultivated in Japan, where it is
called Daidsu, and where the pods supply their kitchens
for various purposes; but the two principal are with a sort
of butter, termed Miso, and a pickle, called Sooju or Soy
[sauce].
“The Miso is made by boiling a certain quantity of the
beans for a considerable time in water, till they become very
soft, when they are repeatedly brayed with a large quantity
of salt, till all is incorporated. To this mass they add a certain
preparation of rice, named Koos [probably koji; Kaempfer
introduced this term in 1712], and having well blended the
whole together, it is put into a wooden vessel, where in about
2 months it becomes fit for use, and serves the purposes of
butter. The manner of preparing the Koos is a kind of secret
business, and is in the hands of some certain people only,
who sell the Koos about the streets, to those who make Miso.

“In order to prepare Sooju they take equal quantities
of beans, wheat, or barley-meal, and boil them to a pulp,
with common salt. As soon as this mixture is properly
incorporated, it is kept in a warm place for twenty-four hours
to ferment; after which the mass is put into a pot, covered
with salt, and a quantity of water poured over the whole.
This is suffered to stand for two or three months, they never
failing to stir it well at least once a day, if twice or thrice it
will be the better; then the liquor is filtered from the mass,
and preserved in wooden vessels, to be used as occasions
require. This liquor is excellent for pickling anything in, and
the older it is the better.”
Note 1. Bryant’s account is largely based on that of
Engelbert Kaempfer in his book Amoenitatum Exoticarum,
written in Japan in 1690-92, and published in 1712. Bryant’s
book has an excellent, extensive index. It is the earliest
English-language document seen (May 2006) that contains a
detailed botanical description of the soybean.
Note 2. This is the earliest document seen (Oct. 2010)
concerning soybeans (but only wild perennial relatives of
soybeans) in India; cultivated soybeans have not yet been
reported.
Note 3. This is the earliest English-language document
seen (April 2009) that uses the term “East India Kidney
Bean” (singular or plural, regardless of capitalization or
hyphenation) to refer to the soybean.
Note 4. This is the earliest English-language document
seen (April 2021) that uses the term “a sort of butter” to refer
to miso.
Also discusses: Several species of edible seaweeds [sea
vegetables]: “13. Fucus saccharinus–Sweet Fucus or Sea
Belts. Lin. Sp. pl. [Species plantarum] 1630. Fucus alatus
sive phafnagoides. Bauh. Pin. 364 [Caspar Bauhin. 1623.
Pinax Theatri Botanici].
“14. Fucus palmatus–Handed Fucus. Lin. Sp. pl. 1630.
“15. Fucus digitatus–Fingered Fucus. Hud. Flo. Ang.
579 [William Hudson. 1762, 1798. Flora Anglica]. Fucus
arboreus polyschides edulis. Bauh. Pin.
“16. Fucus esculentus–Edible Fucus Hud. Flo. Ang. 578
(p. 90-91, 100-01).
“39. Ulva lactuca or Green laver. Lin. Sp. pl. 1632.
Muscus marinus lactucæ similis. Bauh. Pin. 364 (p. 117-18).
Amaranthus oleraceus or Esculent Amaranth from India
(p. 119). Arachis hypogæa or American Ground Nut [Peanut]
(p. 298-99). Cicer arietinum or Chich Pea [Chick Pea] (p.
299; it “grows naturally among the corn in Spain and Italy,
and it is much cultivated in these places for the table... It is
much cultivated in Barbary [the Mediterranean coast of north
Africa], by the name of Gravances, and is counted one of
their best sorts of pulse”). Ervum lens or Lentil (p. 301-02; it
“is a common weed in the cornfields of France... Lentils are
a strong, flatulent food, very hard of digestion, and therefore
seldom used now but to boil in soups, in order to thicken
them”). Lotus tetragonolobus or Square-podded Pea [Winged
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Bean]. Lotus ruber, siliqua angulosa Bauh. Pin. 332 (p. 30203). Lupinus albus or White Lupine (p. 303-04). Ceratonia
siliqua or Carob tree (St. John’s bread, p. 309-10). Coffea
Arabica or Arabian coffee (p. 311). Coffea occidentalis or
American coffee (p. 311-12). Coix lacryma Jobi or Job’s
tears (p. 332). Polygonum fagopyrum or Buck Wheat (p.
343). Ginkgo or Maiden-hair tree (p. 377-78). Bread fruit
tree (378-79). Some of these are described in detail in
separate records.
Note 5. This is the earliest Western document seen (Jan.
2005) that discusses sea vegetables (p. 117-18).
Note 6. This is the earliest document seen (June 2006)
that mentions Coix lacryma Jobi or Job’s tears.
Note 7. This is the earliest English-language document
seen (June 2008) that gives a scientific name for lentils
(Ervum lens).
Note 8. This is the earliest English-language document
seen (June 2008) that mentions the chick pea (which it calls
“Chich Pea”) or gives its scientific name (Cicer arietinum).
Note 9. This is the earliest English-language document
seen (June 2012) that mentions koji, which it calls Koos.
Near the front of the book, a section titled “Terms
explained” (xiii-xvi) is a glossary that gives concise
definitions of the following botanical terms: Annual,
biennial, perennial, sessile, serrated, crenated, pinnated or
winged, peduncle, spike, spicula, panicle, spadix, racemus,
umbel, calyx, catkin, petal, glume, arista or awn, floret,
germen or seed bud, pericarpum, capsule, stamina, styles,
stigma, summit. Address: Norwich, England.
32. Linnaeus, Carolus. 1784. Systema vegetabilium,
secundum classes ordines genera species cum characteribus
et differentiis. Editio decima quarta [System of plants
according to classes, orders, genera and species with
characteristics and differentia. ed. 14.]. Gottingae
[Göttingen]: Typis et impensis Jo. Christ. Dieterich. xx + 987
+ [17] p. See p. 659. [Lat]
• Summary: Pages 656-57 list 17 Phaseolus species. Pages
657-59 list 31 Dolichos species, including Dolichos Soja.
Pages 659-60 list 15 Glycine species, including Glycine
javanica, and G. tomentosa.
The description of Dolichos Soja is: “Caule erecto
fluxuoso [sic, flexuoso], racemis axillaribus erectis, legum,
pendulis hispidus subdispermis. Corollae vix calyce majores.
Flores subsessiles 3-5. Legumina disperma.”
Note 1. This is the earliest document seen (June 2014)
that mentions Glycine javanica.
Note 2. In descriptions of the soybean in 1747, 1749,
1753, and 1797, Linnaeus uses the phrase “Caule erecto
flexuoso.” Thus “fluxuoso” appears to be a typographical
error. Address: [Sweden].
33. Thunberg, Karl Peter. 1784. Flora Iaponica, sistens
plantas insularum Iaponicarum... [The flora of Japan, setting

forth the plants of the Japanese islands]. Lipsiae (Leipzig), in
bibliopolio I.G. Muelleriano. lii + 417 p. See p. 279, 282-83,
377-78. [Lat]
• Summary: In the chapter titled “Diadelphia. Decandria,”
within the genus Dolichos is listed D. Soja (p. 282). After a
botanical description in Latin, the last paragraph reads: “Soja
Iaponensium, quae Kitjap chinesium praefertur e seminibus
huius praeparatur, et plurima fercula atque embemmata
tantum non omnia ingreditur, viceque Salis marini contusi
fungitur.”
In the chapter on “Kaempfer’s Illustrations”
(Kaempfervs Illvstratvs) are listed (p. 377): Coix lachryma
[Job’s tears] (834). Soba (buckwheat noodles, 835).
Sesamum orientale (sesame seeds, 835). On page 838: Atsuki
(azuki, 837). Dolichos soja–Daidsu (837). Kudzu (840).
Karl Peter Thunberg lived 1743-1828.
Talk with Prof. Ted Hymowitz of the University of
Illinois. 1995. March 24. The Japanese recently (and finally)
published a Japanese-language edition of Thunberg. They
found his illustrations in Russia in Maximowicz’s collection.
An excellent old illustration of “Carolus Pet. Thunberg”
is found on page 1 in the book Miscellaneous Papers
Regarding Japanese Plants (1935; 562 p.). Address: Sweden.
34. Bryant, Charles. 1785. Carl Bryant’s Verzeichniss
der zur Nahrung dienenden so wohl einheimischen als
auslandischen Pflanzen. 2 v. [Flora diaetetica: Or history of
esculent plants, both domestic and foreign. 2 vols.]. Leipzig:
Bey Weidemanns Erben und Reich. See Vol. I, Part I (Erster
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Theil), p. 478-80. 21 cm. [Ger]
• Summary: This is largely a German translation of
Engelbert Kaempfer’s book Amoenitatum Exoticarum,
written in Japan in 1690-92, and published in 1712.
The section titled “Dolichos Soja. Indian Kidney Bean.
Linn. Spec. plant. 1023.–Sojabohne” (p. 478-80) discusses
the soybean (also called “Daidsu”) and various soy products,
including miso, koji (Koos), and soy sauce (Der Sooju).
Note 1. This is the earliest German-language document
seen (April 2021) that mentions miso, which it calls “Miso.”
The actual text reads: “... aber macht man Suppen und eine
Art Butter daraus, welche Miso heisst,...”
Note 2. This is the earliest German-language document
seen (April 2012) that mentions soy sauce, which it calls
“Sooju” or “Soy.” The actual text reads: “Dieser lezten
Bereitung legt man den Namen Sooju oder Soy bei.” “Der
Sooju wird folgender Gestalt zubereitet;...”
The chapter on legumes (p. 474-75) also discusses:
(1) Arrachis Hypogaea. American ground nut. (2) Cicer
arietinum. The chich pea, or Garavances. French: Pois
Chiche. (3) Dolichos Soja. East Indian kidney beans.
Sojabohne.
Note 3. The term “East Indian” probably refers to the
Dutch East Indies–today’s Indonesia.
(4) Ervum Lens. Lentil. (5) Lotus edulis. (6) Lotus
tetragonolobus. Square podded crimson pea. Spargelerbsen.
Vierecktiger Schotenklee. (7) Lupinus albus. (8) Phaseolus
vulgaris. Common kidney bean. French: Faseole. Haricot
commun blanc. (9) Pisum sativum. (10) Pisum Americanum.
(11) Pisum maritimum. 12. Vicia Faba. Common garden
bean
Note 3. Charles Bryant died 1799. Address: Norwich.
35. Jacquin, Nikolaus Joseph. 1786. Collectanea ad
botanicam, chemiam, et historiam naturalem spectantia. 4
vols. [Collected observations on Austrian botany, chemistry,
and natural history. 4 vols. plus a supplement of color
pictures and index]. Vindobonae [Vienna]: Ex Officina
Wappleriana. Vol. 1, 386 p. See vol. 1, p. 46-47. [Lat]
• Summary: Nicolai Josephi Jacquin lived 1727-1818. The
text, entirely in Latin, states: “LXXVII. Dolichos soja. Linn
syst. pag. 659. [Linnaeus. 1784. “Systema vegetabilium,
secundum classes ordines genera species cum characteribus
et differentiis. 14th ed.]
“Phaseolus erectus, siliquis lupini, fructu pisi majoris
candido. Kæmpf. amoen. pag. 837. tab. 838 [Kaempfer.
1712. “Amoenitatum exoticarum politico-physicomedicarum, fasculi v.”].
“Planta annua, in caldario vel etiam sub dio, caule debili,
tereti, magis minusve, parum ramoso, & dense hirsuto,
scandit ad humanam altitudinem; floretque Majo & Junio,
fructum perficiens Augusto. Folia sunt ternata & petiolata;
foliolis ovatis, obtusis, integerrimis, villosis, venosis. Stipulæ
vix ullæ. Racemi pauciflori, axillares, erecti, brevissimi,

vel nulli, dum tunc flores breviter pedunculati plures alis
foliorum aggregatim infident. Flores parvi, inodori. Calyx
hirsutissimus corollam ad duas tertias, quandoque ferme
ad totam longitudinem, æquat; semiquadrifidus; laciniis
lanceolato–acuminatis, erectis & æqualibus; dorsali
semibifido & latiori. Vexillum violaceo–purpureum vel
pallide violaceum, supra unguem saturate violaceum,
erectum, subrotundum, emarginatum, expansum, callis
plane nullis præditum. Alæ concolores vel albidæ, oblongæ,
obtusæ, erectæ, vexillo paulo breviores. Carina albida cum
apice violaceo, obtusa, lunato–oblonga, compressula, alis
paulo brevior. Stamina diadelpha. Legumina pauca, pendula,
oblonga, compressa, obtusa cum brevissimo acumine,
versus basin attenuata, ferruginea, aspero–villosa, ad semina
torosula, interne alba & loculamentis obfoletis amplissimis
& dumtaxat superficialibus pro singulis seminibus notata.
Semina duo vel tria, ovato–rotundata, parum compressa,
badra.”
Note 1. Were soybeans grown in Vienna? Beckmann
(1798. p. 345) says: “Jacquin says expressly that they throve
well at Vienna [Austria] in the open air.” Therefore: This
is the earliest document seen (March 2021) concerning
soybeans in Austria, or the cultivation of soybeans in Austria.
This document contains the earliest date seen for soybeans in
Austria, or the cultivation of soybeans in Austria (1786). The
source of these soybeans is unknown. This is 87 years before
Prof. Friedrich Haberlandt of Vienna first obtained soybeans
in 1873.
Note 2. Stafleu and Cowan (1976-88) note that Nicolai
Josephi Jacquin was born on 16 Feb. 1727 at Leiden,
Netherlands, and died on 26 Oct. 1817 at Vienna, Austria.
He graduated from a highly reputed Jesuit Gymnasium in
Antwerp, Belgium. In 1768 he was appointed to the chair
of chemistry and botany in the Medical Faculty at the
University of Vienna. He occupied this chair (mainly as a
botanist) until 1796, and in 1809 he was appointed rector
of the university. “As a botanist Jacquin was the most
important of the younger contemporaries of Linnaeus. He
was the first German-language writer to utilize to any large
extent Linnaeus’ system of binary nomenclature, and was
the foremost in his time with respect to the number of new
species described precisely and in a consistent way. His
descriptions are still valid today... His monumental floral
works, containing colored illustrations by him and by other
artists using his models, are among the most beautiful of
their kind.” Address: Prof. of Botany, Vienna, Austria.
36. Lamarck, Jean Baptiste... de. 1786. Encyclopédie
méthodique. Botanique. Volume 2, Partie 1. Dolic du Japon,
Dolichos soja Lin. [Systematic and encyclopedic dictionary.
Botany. Vol. 2, Part 1. The Soybean, Dolichos soja]. Paris:
Chez Panckoucke, Libraire. 400 p. See p. 299. [1 ref. Fre]
• Summary: Plants are listed by French names. The author
lists the soybean under Dolic. as follows: “28. Dolic du
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Japon, Dolichos soja. Lin. Dolichos caule erecto flexuos,
racemis axillaribus eredis, leguminibus pendulis hispidis
subdispermis. Lin. Thunb. Fl. Jap. 282.
“Phaseolus erectus, siliquis Lupini, fructu pisi majoris
candido. Kæmpf. Amoen Exot. 837. t. 838. Japonicè; daidsu
s. mame. Phaseolus Japonicus. Raj. Suppl. 438. nº. 28 [John
Ray. 1704. Historia plantarum. Vol. 3. Supplementum. See p.
438].
The original French reads: “Sa tige est droite, haute d’un
pied & demi, striée ou cannelée dans sa partie supérieure, &
abondamment chargée de poils rousseâtres. Ses feuilles sont
composées de trois folioles ovales, obtuses, velues, molles,
soutenues sur des pétioles communs velus & striés. Les
fleurs font petites, purpurines, disposées dans les aisselles
des feuilles sur des grappes droites, velues, & fort courtes.
Les gousses sont longues d’un pouce & demi, pendantes, un
peu comprimées, pointues, dispermes, & couvertes de poils
rousseâtres fort abondans. Cette plante croît au Japon, dans
les Indes orientales, & est cultivée au Jardin du Roi. Les
Japonois préparent avec ses semences une sorte de bouillie
qui leur tient lieu de beurre, & dont ils font une sauce
fameuse, qui se sert avec les viandes rôties; ils nomment la
bouillie miso, & la sauce sooja ou soja.”
This may be translated into English as: “Its stalk is
straight, a foot and a half high, striped or fluted in its upper
part and abundantly covered with reddish or russet hairs. Its
leaves are comprised of 3 oval leaflets, obtuse (rounded at
the free end), hairy, soft, several leaves are borne on petioles
that are hairy and striped. The flowers are small, purplish,
arranged on the axils of the leaves, in straight clusters which
are hairy and very short. The pods are an inch and a half
long, pendant, slightly compressed (not round), pointed, twoseeded, and covered with very abundant reddish hairs. This
plant grows in Japan and the East Indies, and is cultivated at
the Royal Garden (Jardin du Roi). It is an annual, and I have
seen a living plant specimen. Using its seeds, the Japanese
prepare a sort of paste [miso], which they use in place of
butter, and that is also used to make a famous sauce, which is
served with roasted meats. They call the paste miso and the
sauce sooja or soja.
Note 1. This is the earliest (and only) French-language
document seen (Sept. 2014) that uses the term “Dolic du
Japon” (regardless of capitalization or hyphenation) to refer
to the soybean.
Note 2. This is the earliest French-language document
seen (April 2012) that uses the term la sauce soja to refer to
soy sauce.
Note 3. Merrill stated incorrectly that Lamarck called
the soybean “Phaseolus max” following Linnaeus. Address:
Former officer in the Regiment de Beaujolais, Royal
Academy of Sciences.
37. Scopoli, Giovanni Antonio. 1786. Deliciae florae et
faunae insubricae: seu Novae, aut minus cognitae species

plantarum et animalium quas Insubria Austriaca tam
spontaneas, quam exoticas vidit, descripsit [Delights of the
Insubrian flora and fauna, or, new, lesser-known species of
plants and animals which are both indigenous and exotic
to the Austrian Insubria] 3 vols. Ticini [Switzerland]: Ex
Typographia Reg. et Imp. Monasterii S. Salvatoris [Printed at
the Monastery of San Salvatore]. 75 p. Illust. 42 cm. [Lat]*
• Summary: About the natural history of today’s Lombardy
(Italy) and Ticino (Switzerland). In the section on
“Diadelphia Decandria,” under the genus Dolichos scopoli
mentions the soybean. “Insubria” is pretty much the whole
area from the main peaks of the Alps down to the plains. The
term is still used today, especially in botany because of the
area’s particular flora.
Note 1. Mattei (1919, p. 16) states that in 1785 Scopoli
mentions it in Pavia.
Note 2. Giovanni Antonio Scopoli (1723-1788) was
one of the most versatile naturalists in eighteenth-century
Italy. In 1785, Scopoli conceived the ambitious publication,
“Deliciae florae et faunae insubricae”. Appearing in
installments, this included descriptions and illustrations
of plants, animals and minerals found in northern Italy.
Unfortunately, Scopoli’s sudden death halted publication of
the “Deliciae” after its third installment. Recently, a corpus
of 98 paintings, in the gouache style, were discovered in the
Biblioteca Universitaria of Pavia. These gouaches appear
to be the basis for plates planned in future installments of
the “Deliciae.” Marginal notes in Scopoli’s handwriting are
included. Because Scopoli’s plant and animal specimens
have been destroyed or dispersed, these drawings are crucial
for reconstructing his scientific opus. Combined with other
documents, Scopoli’s marginal notes also reveal his exacting
standards. He criticized the way his artists had poorly
rendered the scientific details of the paintings (Source:
Siviero, M.; Violani, C. 2006. “Drawings for an exacting
author: illustrations from Giovanni Antonio Scopoli’s
‘Deliciae florae et faunae insubricae.’” Archives of Natural
History 33(2):214-31). Address: Prof. of Botany, Pavia
[Italy].
38. Loureiro, Joao de. 1790. Flora Cochinchinensis:
sistens plantas in regno Cochinchina nascentes. Tomus II.
[The flora of Cochin China, setting forth the plants in the
kingdom of Cochin China. Vol. 2.]. Flora Cochinchinensis:
sistens plantas in regno Cochinchina nascentes. Tomus II.
Ulyssipone [Lisbon], Portugal. p. 433-884. See p. 441-42,
522-24. 27 cm. [Lat]
• Summary: In the section titled “Diadelphia. Decandria” (p.
441-42) we read: “Sp. 13. Dolichos Soja, Dau nanh. Hoam
téu [huang-tou = yellow bean]. Writing in Latin, he gives
a botanical description of the plant, describes its habitat as
Cochin China and China, and cites as sources Thunberg,
Kaempfer, and Rumphius. Then he adds: Uses: These seeds,
having been boiled or lightly toasted, are quite acceptable
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to both the stomach and the palate. From them is made the
famous Japanese soy sauce called Soia, which the Chinese
and Cochin Chinese frequently use for cooking food and
stimulating the appetite. There is also produced a white food
resembling coagulated milk (lactis coagulati) and called Teu
hu or Tau hu [tofu] by the Chinese; it is the most widely used
food among them. Although it is rather bland by itself, if the
appropriate condiments are added, it becomes a food which
is neither unpleasant nor unhealthy.
The author: Ioannis (Joao) de Loureiro was born in
Portugal in 1715. Somewhere between 1735 and 1743
he arrived in Cochin China (today’s Vietnam) as a Jesuit
missionary. Living at Hué, the capital, near the sea coast,
he tells us that he had no access to European medicines.
So he was obliged to depend entirely on native medicinals,
and by investigating them he was necessarily induced to
study the local flora and to make botanical collections.
Thus he developed a herbarium of nearly 1,000 species.
In 1779 he went to Canton to do botanical research for 3
years, living within a factory. He left for Lisbon in 1782,
and died in 1794 or 1796. He was one of the most prominent
botanical collectors of the 1700s, giving rich descriptions of
economical and medicinal uses.
The book: Volume 1 was first published in 1789; the set
was reissued 3-4 years later edited by Willdenow, with added
notes. It describes 1,257 plants (Bretschneider 1880, p. 12946).
Note 1. This is the 2nd earliest document seen (May
2010) concerning soybeans in Vietnam, or the cultivation
of soybeans in Vietnam. This document contains the 2nd
earliest date seen for soybeans in Vietnam, or the cultivation
of soybeans in Vietnam (1790). The source of these soybeans
is unknown.
Note 2. This is the earliest Latin-language document
seen (April 2013) that uses the word “Teu hu” or the word
“Tau hu” to refer to tofu.
Also discusses: Dolichos tetragonolobus (p. 437.
Winged bean? Habitat: Cochin China and China). The genus
Arachis (p. 522-24), with two species: Arachis asiatica and
Arachis africana. He notes (p. 524) that Linnaeus calls the
latter Arachis hypogoea [peanut]. Address: Portugal.
39. Loureiro, Joao de. 1793. Flora Cochinchinensis: sistens
Plantas in regno Cochinchina nascentes. Vol. 2. Dolichos
soja [The flora of Cochin China. Vol. 2.]. Denuo in Germania
edita cum notis Caroli Ludovici Willdenow; Bernolini
[Berlin], impensis. See p. 537-38. Edited by Willdenow, with
added notes. Also published by the Acad. Sci. of Lisbon.
[Lat]
• Summary: The first edition of this important work
was published in 1790. The content of this 1793 edition
concerning Dolichos soja, published in Berlin and edited by
Willdenow, is almost identical to that of the 1790 edition.
The text has been re-set to fit on the smaller pages, and some

abbreviations have been written out. In the chapter titled
“Diadelphia. Decandria” we find: Arachis (p. 430-31; incl.
Arachis Asiatica and Arachis Africana, also called Arachis
Hypogoea). Phaseolus radiatus (p. 435). Dolichos Soja (p.
537-38).
By unusual coincidence, the earliest known recorded
feeding of cow’s milk to a human infant (by Underwood)
also occurred in 1793. Address: Portugal.
40. Zuccagni, Attilio. 1793. Synopsis plantarum Horti
botanici Musei regii Florentini [Synopsis of plants in the
botanical garden of the museum at the court of Florence].
Florence, Italy. [Lat]*
• Summary: Attilio Zuccagni lived 1754-1807.
Note 1. P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Zuccagni (1793) was
the 4th earliest writer in Italy to mention the soybean.
Note 2. Mattei (1919, p. 16) states that in 1793 Zuccagni
refers to it in Florence. Address: Italy.
41. Moench, Konrad. 1794. Methodus plantas horti botanici
et agri Marburgensis, a staminum situ describendi [A method
of describing plants in the botanical gardens and fields
of Marburg (Germany), according to the position of the
stamens]. Marburg, German empire: Marburgi Cattorum. 780
p. See p. 153. 21 cm. [2 ref. Lat]
• Summary: The plant which Linnaeus had named Dolichos
Soia, was here rechristened by Mönch (Moench), a German
botanist from Marburg, as Soia hispida. Moench coined the
genus name Soia, a term which had been used previously, but
not as a genus name, by Ray (1704), Dale (1705), Tournefort
(1730), and Loureiro (1790, 1793). Tournefort had named the
soybean Phaseolus Japonicus.
After a 6-line description of the genus in Latin, he
describes its only species as follows: “hispida, leguminibus
pendulis hispidis: caule erecto subflexuoso: racemis
axiliaribus: corolla vix calyci maiore. Dolichos Soia. Linn.
Kaempfer Amoen. exoticae. p. 837. icon. p. 838.
“Defectus cali prohibet genera Dolichos Linnaei
adsociari, neque cum Phaseolis propter figuram corollae
convenit.
“h. H. Annua.”
In short, Mönch reports that soybeans are growing in the
botanical garden at Marburg.
Note 1. This is the earliest document seen (March
2021) concerning soybeans in what is today Germany, or
the cultivation of soybeans in Germany. This document
contains the earliest date seen for soybeans in Germany, or
the cultivation of soybeans in Germany (1794). The source
of these soybeans is unknown, as is the date they first arrived
in Marburg and were first planted there. Remember that
Germany did not became a country until 1871.
Note 2. This is the earliest document seen (March 2021)
that contains the Latin word hispida, or that uses it as the
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species name of the soybean.
Note 3. The 1966 2-volume reprint of this book,
published by Otto Koeltz Antiquariat, Koenigstein-Taunus,
contains an English-language introduction and biography
by William T. Stearn of London. It notes that the town of
Marburg, Hessen, north-western Germany (located in West
Germany after World War II, on the Lahn River about 46
miles north of Frankfurt am Main) became the seat of a
new university in 1527–Europe’s first Protestant university.
Named the Academia Marpurgensis (now the PhilippsUniversitaet zu Marburg), it was inspired by the Reformation
and built with Imperial privilege, but without Papal sanction.
“This rapidly became a major center of Protestant learning
and controversy. Moreover, being the first university
established after the Reformation which had no Papal Bull
at its founding, it provided a precedent for the independent
creation of other universities by Protestant rulers. Like
most young universities, Marburg immediately set out to
attract scholars of standing, notably from Erfurt, then the
foremost German university. Among them was the poet

and physician Erucius Cordus (1486-1535)...” He became
the university’s first professor of medicine and his teaching
covered the study of medicinal herbs. His short book but
influential, Botanilogicon (Cologne, 1534) concerned
botanical nomenclature. “Cordus was particularly dismayed
by the danger of wrong drugs being administered through
errors in naming, of which he gave examples. In so doing,
he indicated the plants which he himself grew” in his private
garden at Marburg. The university did not acquire an official
botanic garden until 1786.
Conrad Moench (1774-1805), originally a pharmacist,
was a professor of botany and chemistry, and director of
the botanic garden at Kassel. In 1785, he was transferred
to Marburg, where he helped to develop the new botanic
garden. In 1794, when Moench published his book Methodus
Plantas Horti... the garden, according to Wenderoth,
contained 1,674 phanerogams (seed plants or flowering
plants; spermatophytes). By 1802, when Moench published
his Supplementum, a further 634 had been added. The
aim of these publications was two-fold. First, to provide
an enumeration of the cultivated and wild plants of the
Marburg district, making their taxonomy accord with the
modifications of Linnaean genera proposed by Joseph
Gaertner (1732-1791), Friedrich Casimir Medicus (17361808), Antoine Laurent de Jussieu (1748-1838), and Moench
himself. And second, to elaborate the general system of
classification proposed by Johann Gottlieb Gleditsch (17141786) in his Systema Plantarum a Staminum Situ (1764).
“Their spirit was anti-Linnaean. Not only did they reject
Linnaeus’s system of classification and his generic concepts
whenever possible, they likewise rejected his generic names
in favor of those used earlier by Tournefort and others... The
numerous living plants available at Marburg were mostly
European, but included a number from North America and
South Africa.” Moench’s two books from Marburg are “of
interest as a record of the plants available at the end of the
eighteenth century in a well-stocked German botanic garden
and thus provide historical evidence for the introduction and
spread of plants in cultivation.”
The International Code of Botanical Nomenclature takes
Linnaeus’s Species Plantarum of 1753, together with his
Genera Plantarum of 1754 as the starting point of modern
botanical nomenclature. After 1753 there was great debate
among biologists and botanists over the new sexual and
binomial system of nomenclature proposed by Linnaeus.
Many considered Tournefort’s genera better founded.
Linnaeus’s most bitter and sarcastic critic was the Mannheim
botanist Medicus, who supported Tournefort. Conrad
Moench also rebelled against the widely used concepts and
names of Linnaeus in the same way that Linnaeus had earlier
been a rebel against Tournefort’s system.
Talk with Ted Hymowitz, and summary of Oxford
English Dictionary. 1990. Oct. 1. Concerning the terms
“Soia” and “Soja,” and the letters “I” and “J.” The letter “J”
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is a comparatively late modification of the letter “I.” In the
ancient Roman alphabet, “I” was used both as a vowel and
a consonant. Thus, Iapon, Iapan, or iaponica refer to Japan,
Iesus for Jesus, and Gaius Iulus Caesar. From the 11th to
the 17th century, the letter “I” represented at once the vowel
sound of “I” and a consonant sound far removed from the
vowel. Starting in the late 1500s, the letter “J” was carved
out of the “I” for use as the consonant (typically before a
vowel), leaving “I” for use as the vowel. The differentiation
was completed before 1640. Later taxonomists allowed “I,”
when used as a consonant, to be considered a “J.” They
considered that in this case it was being used as a consonant.
Thus, for example, Piper and Morse in The Soybean (1923,
p. 32) write: “Moench (1794) rechristened the Linnaean
plant Soja hispida.” Address: Marburg, Germany.
42. Linnaeus, Carolus [Linné, Carl]. 1797. Systema
vegetabilium, secundum classes ordines genera species...
[System of plants according to classes, orders, genera
and species with characteristics and differentia... Ed. 15].
Gottingae. 1026 p. See p. 696, 697. [Lat]
• Summary: Pages 694-96 list 3 Dolichos species, including
Dolichos Soia. Pages 696-97 list 15 Glycine species,
including Glycine javanica, and G. tomentosa.
The description of Dolichos Soja (p. 696) is: “27. D.
Caule erecto flexuoso, racemis axillaribus erectis, legum,
pendulis hispidus subdispermis. Corollae vix calyce majores.
Flores subsessiles 3-5. Legumina disperma. (Plenk Pl. med.
t. 557.)”
Note: This is the earliest document seen (Aug. 2015)
that mentions Glycine javanica.
43. Beckmann, Professor [Johann?]. 1798. Account of the
methods employed in Japan and China to prepare soy, with
some observations on the bean from which it is produced.
Philosophical Magazine (The) (London) 1:342-45. Sept. [4
ref]
• Summary: “This article [soy sauce], which is a brown
saline liquor, imported to Europe from the East Indies,
is employed for seasoning various kinds of dishes, and
improving the taste of different sauces. It is brought from
Japan in small wooden vessels, and also from China and
other parts of India in glass flasks, several of which are
packed together in a wooden box. The use of it has been long
general in the East Indies; where it is placed on the table at
each meal, instead of salt, for the purpose of dipping in it
flesh, fish, and other kinds of food.
“The Japanese are said to be the inventors of this article;
and, at present, their soy is preferred to any other; though it
is asserted by connoisseurs that this preference arises more
from the price than the goodness. In my opinion, it was first
introduced in the European commerce in the present century;
for it is not to be found in the old catalogues of goods; in
Saavary’s or Ludovici’s dictionaries, nor in the old books on

cookery. The first account of the method of preparing it after
the Japanese manner was published by Kempfer [Kaempfer].
“Before I give a description of this method, it may not
be improper to inform the reader that the people in India,
instead of our common kidney beans, cultivate and use as
food another species of a familiar kind, called in botany
dolichos, and which comprehends several species. Among
these there is one called dolichos soya. The plant is all over
rough; and its weak stem rises to the height of a man. Its
flowers, which are small, scarcely appear above the calyx,
and are a blueish [sic] or almost violet color. The rough
husks contain for the most part only two seeds, which in
form, size and taste differ very little from our garden pease,
except that they are flatted, shaped somewhat like an egg,
and have a black speck at the place where they begin to
germinate*. (Footnote: * Hilum fuscum. The first description
and figure of this plant was given by Kempfer [sic, Kämpfer
/ Kaempfer] in his Amoenitat. exot. p. 837, 838. Both these,
however, were improved and rendered more complete by
Bergius in Abhandlungen der Schwedisch. Akad. xxvi. p.
281. The latest descriptions are those of Thunberg in his
Flora Japonica, p. 282.; and Jacquin in Collectanea ad
botanicam et hist. nat. vol. i. p. 46).”
Note 1. This is the earliest English-language document
seen (March 2021) that contains the word “soya,” or that
uses “soya” as the species name of the soybean, or that gives
the scientific name of the soybean as dolichos soya.
“These seeds form the principal component part of soy.
In Japan they are first boiled, and then mixed with the same
quantity of barley or wheat meal (the latter is for the purpose
of giving the soy a darker colour); and the mixture, being
covered up, is deposited for twenty-four hours in a warm
place, where it ferments. The same quantity of common
salt, with the like quantity and half as much water, is thrown
over it; and the whole mass, for the space of two or three
months, is stirred round daily with a chocolate stick, and
closely covered immediately after. At the expiration of that
period it is strained or squeezed through a linen cloth, and
the liquor, which is preserved in wooden vessels, becomes
always clearer and better the longer it is kept. The mass
which remains is again subjected to a like process by having
water poured over it, and, being stirred round for some days,
as before, is then strained.
“Of the preparation in China the following account
has been given by Eckberg [sic, Ekeberg or Eckeberg], a
Swede:” Beckmann then translates the last half of Ekeberg’s
1764 Swedish-language article titled “Om Chinesiska
Soyan” (On Chinese Soy Sauce), which see.
“From what has been above said, it may be readily
perceived that the preparation of soy in Europe would be
attended with no difficulty if it were possible to cultivate
the beans. Bergius, however, gives his countrymen little
hope that this can be done; and chiefly for this reason, that
the plant blows so late in green-houses, that the summer is
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gone before the fruit can ripen. But this is often the case with
exotics which are reared by our gardeners in hot-houses. As
they only begin to blow when their nourishment decreases
and occasions a stoppage of their growth, the same thing
may happen too late in too fertile a soil, or when they have
a superfluity of nourishment. On the other hand, when they
are transplanted into soil somewhat poorer, and into an open
place where they have less shelter, they do not grow so quick
and so long; but they blow earlier. And hence it happens,
that many exotics planted in the open air produce ripe seeds,
which could never be obtained from them while they were
preserved as curiosities and favourites of the gardener in
green-houses. I consider it, therefore, as an experiment worth
making, to plant these beans in the open fields; and I am
inclined to think that in many summers they would produce
ripe seeds, especially as Jacquin says expressly that they
throve well at Vienna [Austria] in the open air.
“Should my conjecture, however, be not realised, this
would not, at any rate, be the case with that of Bergius, who
is of opinion that a kind of soy might be obtained from our
peas and beans by the same or a similar process; but indeed
it would have this great fault, that it would be too cheap, and
too soon become common.”
Note 2. The author may be the German Johann
Beckmann (lived 1739-1811). He spoke English, taught
mathematics, physics, and natural history at the Lutheran St.
Peter’s Gymnasium in St. Petersburg, and is best known as
the author of that fascinating bedside book The History of
Inventions. A trained botanist and student of Linnaeus, he
first visited Linnaeus in 1765 (See W. Blunt. 1971. p. 166,
172, 174, 175). He also wrote a book on botany, and on the
history of inventions and discoveries.
Note 3. This is an excellent, accurate description of both
soy sauce and the soybean. It is difficult to tell whether it is
compiled from other writings (most likely, see footnote), or
whether Beckmann visited India and described (in the third
paragraph above) the soybeans that he actually saw growing
there. If the latter were true, this would be the earliest
document seen (March 2021) concerning soybeans in India,
or the cultivation of soybeans in India. And this document
would contain the earliest date seen for soybeans in India
or the cultivation of soybeans in India (1798; one of two
documents–the other being Roxburgh 1832).
Note 4. This is the second earliest English-language
publication or article seen with the word “soy” (or any
variation of “soy”) in the title; this “soy” refers to soy sauce.
Address: England.
44. Wendland, Johann Christoph. 1798. Botanische
Beobachtungen nebst einigen neuen Gattungen und Arten
[Botanical observations, including some new genera and
species]. Hannover: bey den Gebruedern Hahn. 58 p. See p.
54. 32 x 20 cm. [Ger; Lat]
• Summary: “Classis XVII. Diadelphia Decandria.

Zweibruedrige Zehnmännige [diadelphous]. Glycine
clandestina. Die im Verborgenen bluehende Glycine [The
Glycine that blooms in seclusion or clandestinely].” There
follows a 4-line botanical description in Latin, then a 10-line
description of the plant in German: Homeland: South-sea
islands (Suedsee-Inseln).
The book is dedicated to the esteemed fellow members
of the Naturalist Society of Jena and Zurich.
Note 1. This is the earliest document seen (Oct. 2014)
that mentions Glycine clandestina (pronounced glai-SEEnee klan-duh- STAI-nuh). E.H. Walker (1976, p. 583) states
that the meaning of the Latin species name of this plant is
“hidden or unknown,” probably referring to the obscure
cleistogamous flowers. The author does not state specifically
on which south-sea island or islands this plant grows. It was
described by Bentham in 1864 as growing in many states of
Australia.
Note 2. This is the 2nd earliest document seen (March
2010) concerning soybeans (but only wild perennial relatives
of soybeans) in Oceania; cultivated soybeans have not yet
been reported.
Note 3. Herrenhausen is a place (probably in today’s
Lower Saxony, northeast Germany) where Wendland
works as the royal princely gardenmaster. He is a member
of the natural-science societies of Jena and Zurich. Jena
is in today’s eastern Germany; Zurich is in Switzerland.
Address: Koeniglich Churfuerstlicher Garten-Mesiter zu
Herrenhausen und Mitgliede der Jenaischen und Zuericher
naturforschenden Gesellschaften.
45. Linnaeus, Carolus. 1800. Species plantarum; exhibentes
plantas rite cognitas ad genera relatas... Editio quarta,
post Reichardianam quinta... Curante Carolo Ludovico
Willdenow. Tomus III. [Species of plants. 4th ed. Edited by
Carl Ludwig Willdenow. Vol. 3, Part II.]. Berolini (Berlin).
Impensis G.C. Nauk. p. 851-1474. See p. 1051. [6 ref. Lat]
• Summary: “45. Dolichos Soja.
D. caule erecto flexuoso, racemis axillaribus erectis,
leguminibus pendulis hispidis subdispermis. Fl. zeyl. 634.
Mat. med. 171. Jacq. ic. rar. 1. t. 145. Collect. 1. p. 46.
Phaseolus erectus, siliquis lupini, fructu pisi majoribus
candido. Kaempf. amoen. 837. t. 838.
Houttuyn Lin. Pfl. Syst. 8. p. 564.
Soja Faseln. W.
Habitat in India orientali, Japonia. (v. v.) Corollae vix
calyce majores. Flores subsessiles 3. 5.
Legumina disperma.
Also on page 1051, No. 47 is Dolichos angularis W.–the
Alsuki [Adsuki] bean; Habitat: In Japan.
Note 1. According to the Columbia-Lippincott Gazetteer
of the World the term “East Indies” originally referred to
India, then by extension to Southeast Asia, and finally to the
Malay Archipelago. Note 2. For date of issue, see Schubert
in Rhodora. xliv, 1942, p. 150.
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46. Bonato, Giuseppe Antonio. 1801. Catalogus plantarum
Horti botanico-medici caes. reg. Academiae Patavinae
[Catalog of the plants in the botanico-medical garden of the
Imperial and Royal Academy of Padua]. Italy. [Lat]*
• Summary: Giuseppe Antonio Bonato lived 1753-1836.
Note 1. P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Bonnato [sic] (1801)
was the 5th earliest writer in Italy to mention the soybean.
Saccardo (1909, p. xvii) also states of this work: “MS.
dedicato all’ Arciduca Antonio d’ Austria (1776-1847) ed ora
conservato nella biblioteca dell’ Orto botanico di Padova.”
Note 2. Mattei (1919, p. 16) does not mention Bonato.
Address: Italy.
47. Dietrich, Friedrich Gottlieb. 1803. Vollstaendiges
Lexicon der Gaertnerei und Botanik oder alphabetische
Schreibung vom Bau, Wartung und Nutzen aller in- und
auslaendischen, oekonomischen, officinellen und zur
Zierde diendenen Gewaechse [Complete encyclopedia of
horticulture and botany or an alphabetical description of
the growing, care, and use of all domestic and foreign,
economical, officinal and ornamental plants]. Weimar:
Printed and published by the Gebrüdern Gäedicke [Gaedicke
Brothers]. Vol. 4, from Chamaerops to Ernodea. See p. 66162. [2 ref]
• Summary: 45. Dolichos soja L. Soybean (Soja-Faseln);
soybean (Sojabohne)
Phaseolus erectus. Kaempf. amoen. r. 838
The stem stands upright and bends in various
directions. It carries trifoliate leaves and upright racemes
(Blumentrauben) which originate from the angles of the
leaves. The pods hang downward and have stiff bristles;
the greatest part of them contain only two seeds. In the East
Indies and Japan. Blossoms in July. The seeds are found in
several German gardens.
In China, Japan, and in several areas of India, the
famous and fine-tasting soy [sauce] (Soja) is prepared
from the seeds of this plant, about which Captain Eckeberg
provided the following description in Volume 26 of
the Stockholmische Abhandlungen [sic–Schwedische
Abhandlungen, or Swedish Discourses]: one takes
approximately 30 pounds of beans from this plant, washes
them in water, and they are boiled for several minutes in
a closed pot; this is carried out in pure water over a low
flame, and specifically for long enough that the beans can
be crushed between the fingers. But the water may not be
lacking so that they don’t burn, so for this purpose, some
water is poured in little by little. After the beans have been
removed, they are spread out on wide sieves so that the water
thoroughly drains off, and once they are no longer moist,
they are rolled in fine meal that has been prepared from in
fact beans of that species, such that they are covered with it
on all sides. Thereupon they are shaken onto smaller sieves

or fine, smooth mats, whereupon they are spread out thinly
such that they come to be lying upon each other at a height
of around one and a half inches, and then they are placed in
an open and smooth basket that is covered with a mat or a
cloth so that they grow moldy in three or four days. Then the
cover is removed and air is let in so that they become limp
or dry, and then they are dried in the sun or at another warm
location until they turn so hard that they shatter into pieces
with blows from a hammer. Then the mold and meal are
separated from the beans, which occurs by rubbing between
the hands, they are placed in a large vessel or several small
ones, and a clear brine is poured over them that is prepared
from approximately 20 pounds of pure salt and 100 pounds
of well water. These vessels are put in a warm place for
four to six weeks until everything is extracted well. When
the brine turns dark brown and intense, it is poured off and
boiled several times to reach a greater strength. During this
boiling, some people add sugar, ginger, or other spices and
let it sit for several days that way before it is strained.
According to the supposition of Bergius (see
Stockholmer Abhandlungen [Stockholm Discourses],
Vol. 26, p. 283), soy sauce (Soja) can be prepared from
our usual Turkish beans (Phaseolus vulgaris) because the
taste of soybeans corresponds to those. In all probability,
the preparation of the common beans is the same as that
of the true soybeans. For that reason, I have also included
Eckeberg’s description of how specifically the soy sauce is
prepared in the event that there is the desire to also make
use of it in Germany. In a bed that has been prepared with
leaf compost (Laubbeet) [translator’s note: as opposed to a
bed that has been prepared with manure] in the open (see
Introduction, p. 14), I obtained many seeds of Dolichos soja
and am therefore of the opinion that they can be grown in the
open in the southern regions of Germany and can be used for
the end purpose as indicated above.
On the title page the author’s affiliation is given: Royal
Saxon Weimar Court Gardener (Fürstlicher Sächsischer
Weimartscher Horgärtner), full member of the Society
of Friends of the Natural Sciences in Berlin (Gesellschaft
naturforschender Freunde zu Berlin) and the Society of
Forestry and Hunting Arts in Meiningen (Societät der Forstund Jagdkunde zu Meinungen [sic–Meiningen]), honorary
member of the Leipzig Economic Society (Leipziger
ökonomische Societät), the Natural Sciences Society in
Zurich (Naturforschende Gesellschaft in Zürich), and the
Regensburg Botanical Society (Regensburgische botanische
Gesellschaft). Address: [today’s Germany].
48. Londes, Friedrich Wilhelm. 1804. Handbuch der Botanik.
Zu Vorlesungen fuer Aerzte und Apotheker [Handbook of
botany. Designed for lectures for doctors and pharmacists].
Goettingen: Johann Friedrich Röwer. x + 539 p. 8vo. See p.
382.
• Summary: 3. Soybean (Soja), Soja-Dolichos [There
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p. 514. [1 ref. Eng]
• Summary: This book, about the flora of Carolina, was
written for the purpose of stimulating an interest in the study
of botany and simplifying the Linnaean system for beginners.
In Vol. 1, page 514 the genus Dolichos is described.
Concerning that genus Shecut says: “There are 24 species,
mostly exotic, growing in the Indies.” [probably the Dutch
East Indies]. The 3rd member of the genus listed is the
soybean–today’s Glycine max.
“3. Dolichos Soja, Soy, or Sooja, a native of Japan,
though bearing this climate; and is the bean, the leguminous
fruit of which affords the liquid condiment called Indian Soy
[sauce]. Kempfer [Kaempfer] affirms that the seeds of this
species give relief in the Asthma.”
Note: Given that the title refers to a flora of the
Carolinas, the author seems to be saying that the soybean
either grows or will grow in South Carolina. However the
sentence at the end of the subtitle appears to say something
altogether different; therefore we cannot be sure. Or, Shecut
may have read James Mease (1804), who states: “[The
Soy-bean bears the climate of Pennsylvania very well. The
bean ought therefore to be cultivated.].” In the same article,
Mease says of soy sauce: “SOY, or Sooju, a species of
liquid condiment, which is imported from India,...” From
Mease, Shecut he may have adopted the phrases “bearing
this climate” and “liquid condiment called Indian Soy.” It is
possible that this is the earliest document seen (Aug. 2011)
concerning soybeans in South Carolina, or the cultivation
of soybeans in South Carolina–but this is not at all clear.
And all things considered–we think it is unlikely that Shecut
observed the soybean growing in South Carolina.
John Shecut lived 1770-1836. Address: Charleston,
South Carolina.
follows a 2½-line botanical description of the soybean plant
in Latin].
Plenck ic. pl. med. t. 557
Homeland: India
Dietetic section: the soybean (Sojabohne). Soy sauce
(Soja) of the Chinese and Japanese.
The seeds of Dolichos sinensis and Phaseolus mungo
also provide a soy sauce (Soja) which is known in England
under the name Bowen’s Soy Powder (Bowens Soja-Pulver).
Address: Doctor of Medicine and Private Instructor in
Göttingen [German confederation].
49. Shecut, John Linnaeus Edward Westridge. 1806. Flora
carolinæensis; or, A historical, medical, and economical
display of the vegetable kingdom; according to the Linnæan,
or sexual system of botany. Being a collection or compilation
of the various plants hitherto discovered and made known by
the several authors on botany, &c. 2 vols. Charleston, South
Carolina: Printed for the author by J. Hoff. 584 p. See vol. 1,

50. Arduino, Luigi. 1807. Catalogo primo (ed unico) delle
piante del R. Orto d’Agricolt. in Padova. Ivi [First (and only)
catalog of the plants in the Royal Agricultural Garden of
Padua]. Italy. [Ita]*
• Summary: Luigi Arduino lived 1759-1834.
Note 1. P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Arduino (1807) was
the 6th earliest writer in Italy to mention the soybean.
Note 2. Mattei (1919, p. 16) states that in 1807 Arduino
introduced it to the Agricultural Gardens (Orto Agrario) of
Padua. Address: Italy.
51. Miller, Philip. 1807. The gardener’s and botanist’s
dictionary: Containing the best and newest methods of
cultivating and improving the kitchen, fruit, and flower
garden and nursery; of performing the practical parts of
agriculture; of managing vineyards, and of propagating
all sorts of timber trees... The whole corrected and newly
arranged..., by Thomas Martyn Vol. II. London: Printed for
F.C. & J. Rivington. 2 vol. in 4. Unpaginated. 38 cm. 20
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plates. [9 ref. Eng]
• Summary: The plants are arranged alphabetically in the
book by genus, but not alphabetically within one genus
by species. “33. Dolichos Soja: Lin. spec. 1023. syst. 659.
Reich. 451. fl. zeyl. n. 534. mat. med. 171. Kaempf. amoen.
t. 838. (Phaseolus). Thunb. jap. 282. Lour. cochinch. 441.
Rumph. amb. 5. t. 140. (Cadelium). Stems flexuose, racemes
axillary, erect, legumes pendulous, hispid, containing about
two seeds.”
Three pages later, under “33.” is a description of the
plant and its uses. “Stem round at bottom and smooth; above
striated, very hirsute, a foot and more in height. Leaves
petioled, hirsute: leaflets petioled, ovate, obtuse with a point,
entire, the middle one on a longer petiole and larger, an inch
in length: petiole striated, hirsute, a finger’s length. Flowers
in short, erect, hirsute racemes: subsessile, from three to five
together. Corollas purple, scarcely larger than the calyx.*
“Native of the East Indies, Ceylon, Japan, &c.
“The seeds, which are usually called Miso [sic] in Japan,
are put into soups, and are the most common dish there,
insomuch that the Japanese frequently eat them three times a
day. The Soja [soy sauce] of the Japanese, which is preferred
to the Kitjap of the Chinese, is prepared from these seeds,
and is used in almost all their dishes, instead of common
salt. The Chinese also have a favourite dish made of these
seeds, called Teu hu or Tau hu [tofu], which looks like curd,
and though insipid in itself, yet with proper seasoning as [is]
agreeable and wholesome.**”
Footnotes: “*Thunb. and Linn. **Thunb. and Loureiro.”
Note 1. This is the earliest English-language document
seen (April 2012) that uses the word “Soja” or “The Soja”
(regardless of capitalization or italics) to refer to shoyu or
soy sauce.
Note 2. Miller associates the word “Kitjap” with
Chinese rather than with Indonesian soy sauce, a point of key
historical interest.
Glycine javanica: “Java Glycine. Lin. spec. 1024. Reich.
453. Thunb. in Linn. trans. 2. 340. Leaves ternate; stalk
villose; petioles rough-haired; bractes lanceolate minute.
“Stem twining, as in Phaseolus, with yellow, reflex
hairs scattered over it. Leaves of Phaseolus. Pedicels yellow,
with close hairs. Stipules, to the petioles oval-oblong, to the
peduncles lanceolate. Peduncles the length of the leaves,
terminated by an ovate-oblong, close spike of nodding violetcoloured flowers, with very minute bractes between them.–
Native of the East-Indies*; and near Nagasaki in Japan,
where it is called Fajo Mame, and flowers in september and
october [sic].**” Footnotes: “*Linn spec. **Thunberg.”
On the title page, the subtitle reads: “To which are
now first added a complete enumeration and description of
all plants hitherto known, with their generic and specific
characters, places of growth, times of flowering, and uses
both medicinal and economical. The whole corrected
and newly arranged, with the addition of all the modern

improvements in landscape gardening, and in the culture of
trees, plants, and fruits, particularly in the various kinds of
hot houses and forcing frames: with plates explanatory both
of them, and the principles of botany. By Thomas Martyn,
B.D., F.R.S. Regius Professor of Botany in the University of
Cambridge.”
This elegant set of large books consists of 4 volumes,
plus 2 volumes of plates. The soybean appears only
in volume 2. Miller gives the most detailed botanical
description of the soybean in English up to this time.
Note 3. Philip Miller was head of the famous Chelsea
Physic [botanic] Garden in England. Among his many
students was William Aiton, who introduced the soybean to
England.
Note 4. This is the earliest English-language document
seen (Oct. 2004) that uses the term “twining” to describe
wild perennial ancestors of the soybean.
Note 5. This is the earliest English-language document
seen (April 2013) that uses the word “Teu hu” (or “teu-hu”),
or the word “Tau hu” (or “tau-hu”) to refer to Chinese-style
tofu.
Note 6. This is the earliest English-language document
seen (April 2013) that uses the word “curd” in connection
with tofu.
Note 7. This is the earliest English-language document
seen (Jan. 2004) that uses the word “leaflets” (or “leaflet”) in
describing the soybean plant.
Note 8. This is the earliest English-language document
seen (Oct. 2014) that uses the word “petiole” (or “petioles”
or “petioled”) in connection with the soybean plant.
Webster’s Dictionary defines petiole (derived from New
Latin for little foot), a word first used in 1753, as “a slender
stem that supports the blade of a foliage leaf,” i.e., the stem
of a leaf.
Webster’s Dictionary defines stipule (derived from New
Latin stipula, which is derived from the Latin word meaning
“stalk”), a word first used in about 1793, as “either of a pair
of appendages borne at the base of the leaf in many plants.”
Address: F.R.S., Gardener to the Worshipful Company of
Apothecaries at their Botanic Garden in Chelsea [England]
and a Member of the Botanic Academy at Florence.
52. Willdenow, Carl Ludwig. 1809. Enumeratio plantarum
Horti Regii Botanici Berolinensis:... [Enumeration of the
plants in the royal botanical garden of Berlin:...]. Berolini
[Berlin]: In Taberna Libraria Scholae Realis. vi + 1099 + x +
70 p. (supplement). See p. 755. [165* ref. Lat]
• Summary: In the section on “Diadelphia Decandria,”
under the genus Dolichos (No. 816) (p. 754-55) we read: “7.
Dolichos Soja. ++ Erecti.
“D. caule erecto flexuoso, racemis axillaribus errectis,
leguminibus pendulis subdispermis. Sp. pl. ed. W. 3. p. 1051.
“Habitat in India orientali, Japonia” [Habitat is in the
East Indies, and Japan]. Symbol for annual plant. Symbol C.
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for plant that prefers a warm climate, 10-15 degrees on the
Réaumur [Reaumur] thermometor.
Note 1. Willdenow (1765-1812) was a German botanist
and pharmacist. Born in Berlin, he studied medicine and
botany at the University of Halle. He was a director of the
Botanical garden of Berlin from 1801 until his death. There
he studied many South American plants, brought back by
the explorer Alexander von Humboldt. He was interested
in the adaptation of plants to climate, showing that the
same climate had plants having common characteristics.
His herbarium, containing more than 20,000 species, is still
preserved in Berlin (Source: Wikipedia).
Note 2. The Réaumur temperature scale, first proposed
by René Antoine Ferchault de Réaumur (of France) in 1731,
set the freezing and boiling points of water at zero and 80
degrees respectively. Daniel Fahrenheit, a German who lived
most of his life in Holland, had already invented the alcohol
thermometer (1709) and the mercury thermometer (1714).
Later, in 1742, Anders Celsius, of Sweden, was the first to
describe a centigrade thermometer–one having 100 degrees
between the freezing and boiling points of water. Address:
Prof. Publ. Ord. Botan. et Hist. Natural, etc. [Prof. of Botany
and Natural History, Berlin].
53. Aiton, William Townsend. 1812. Hortus Kewensis; or, A
catalog of the plants cultivated in the Royal Botanic Garden
at Kew. Vol. IV. 2nd ed. enlarged. London: Longman, Hurst,
Rees, Orme, and Brown. 522 p. See p. 295. [5 ref. Eng; Lat]
• Summary: In the section on Diadelphia Decandria: “18.
Dolichos Soja. caule erecto flexuoso, racemis axillaribus
erectis, leguminibus pendulis hispidis subdispermis. Willden.
sp. pl. 3. p. 1051. Jacq. ic. 1. t. 145. Soy Dolichos. Nat. of
the East Indies. Introd. 1790, by Walter Ewer, Esq. Fl. July
and August. S. Annual” [Summer Annual].
States that Dolichos Soja [the soybean], a native of the
East Indies, was introduced to England in 1790 by Walter
Ewer, Esq. It flowers in July and August.
Note 1. This is the earliest document seen (March
2021) concerning soybeans in England, or the cultivation of
soybeans in England. This document contains the earliest
date seen for soybeans in England, or the cultivation of
soybeans in England (1790). The source of these soybeans is
unclear, though Walter Ewer may have obtained them in or
from the “East Indies.” Used loosely and vaguely, the term
“East Indies” may refer to India, Indochina, and the Malay
Archipelago.
Note 2. In this book, Diadelphia starts on page 238, the
subcategory Decandria starts on page 248, and the genus
Phaseolus starts on page 288.
Note 3. Letter (e-mail) from Prof. Ted Hymowitz. 2008.
Sept. 6. He believes that Walter Ewer was deputy governor
of the East India company’s possessions in today’s Indonesia.
Address: Gardener to His Majesty.

54. Roxburgh, William. 1814. Hortus bengalensis, or a
catalogue of the plants growing in the Honourable East India
Company’s botanic garden at Calcutta. Serampore: Printed
at the Mission Press. v + xii + 104 p. See p. 55. 23 cm.
Facsimile edition was reprinted in 1980 by Boerhaave Press,
Leiden, Holland.
• Summary: In the section on Diadelphia Decandria is a
listing for Dolichos Soja. It is a native of China, donated
by Dr. C. Campbell. The symbols for duration and habit,
explained on pages iv-v, indicate that the plant is an annual,
of erect habit. The time of flowering is the cool season, from
the beginning of November to the end of February. The
ripening of the seed and maturation take place during the
same season. Footnote 23 (p. 55) explains that in the garden
are growing “Two varieties, one with white seed and yellow
flowers, the other black seed and purple flowers.”
Note 1. In 1832 Roxburgh stated in his Flora Indica;
or, Descriptions of Indian Plants that Dolichos Soja was
“Reared in the Honourable Company’s Botanic Garden, from
seeds received from the Moluccas in 1798.”
Note 2. This is the earliest document seen (Oct. 2010)
that clearly refers to soybeans in India, or the cultivation of
soybeans in India. Note that Roxburgh resided in Calcutta,
in the northeastern part of India, near the route by which
the soybean probably entered India from China, carried by
traders, down the valley of the Brahmaputra River which
flows along the center of Assam from northeast to southwest.
Note 3. This is the earliest English-language document
seen (Feb. 2007) that clearly refers to black soybeans.
Note 4. According to Stafleu & Cowan. 1976-88.
Taxonomic Literature Roxburgh (lived 1751-1815) was
a British (Scottish) botanist and physician. He received
his M.D. degree from Edinburgh, Scotland, in 1876. He
was with the East India Company in the Madras Medical
Service from 1776 to 1780, superintendent of the Samalkot
(Samul Cattah) botanical garden from 1781 to 1793, and
superintendent of the Calcutta botanic garden from 1793 to
1813. He was in London 1806-1813. He traveled to the Cape
of Good Hope in 1798, 1799, 1813-14, and to St. Helena in
1814. He died in Edinburgh in 1815. His major publication,
Flora Indica was published by his sons James Roxburgh
(1802-1884) and Bruce R. Roxburgh (1797-1861).
Note 5. Also on page 55, Roxburgh states that Dolichos
tetragonolobus [winged bean] was introduced in 1799 to the
Botanic Garden of Shibpur, Calcutta (which at the time was
12 years old). Footnote 10 states: “Cultivated for our table.”
He gives no native name or place of origin.
Note 6. Sesamum orientale and Sesamum indicum are
mentioned on page 47. Gingelly is not mentioned here.
Note 7. Arachis hypogæa and Arachis fruitcosa are
mentioned on page 54. Address: London, and Superintendent
of the Calcutta Botanic Garden, India (1793-1813).
55. Henschel, August Wilhelm Eduard Theodor. 1820. Von
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der sexualitaet der Pflanzen [On the sexuality of plants].
Breslau [Wroclaw], Germany: W.G. Korn. 644 p. With an
historical appendix by Dr. F.J. Schelver. 21 cm. [Ger]*
• Summary: Merrill (1917, p. 275), discussing changes in
nomenclature of the soybean, states: “By Henschel and by
Pritzel it has been also correctly referred to Soja hispida
Moench., another synonym of Glycine max Merr.”
56. Enumeratio plantarum horti botanici Universitatis Regiæ
Fredericianæ Christianiensis [An enumeration of the plants
in the botanical garden at the Royal Frederick University].
1823. Gröndahl: Christianiæ [Today’s Oslo, Norway]. 59 p.
[Lat]
• Summary: This list of plants is handwritten in 3 columns
on each page. Unfortunately, the pages are unnumbered. On
one page, under Dolichos, is written Soja [page 9].
Note: Liv Borgen, Prof., Botanical Garden and Museum,
Univ. of Oslo, writes. 1997. May 23. “Regarding the history
of the soybean in Norway, I and my staff have traced it back
to at least 1838 as a plant grown in the Botanical Garden in
Oslo. I have enclosed a copy of a few pages of ‘Enumeratio
Plantarum Horti Botanici Universitatis Regiae Fredericianae
Christianiensis’ printed in Christiania, i.e. Oslo, in 1823. The
soybean does not appear in the printed text of that list, but
on handwritten pages listing plants grown in the Botanical
garden in the year 1838. The 1838 plant stock apparently
included Dolichos soya.”
Note 1. This is the earliest document seen (March
2021) concerning soybeans in Norway or the cultivation of
soybeans in Norway. This document contains the earliest
date seen for soybeans in Norway or the cultivation of
soybeans in Norway (1838). The source of these soybeans is
unknown. Address: Oslo, Norway.
57. Savi, Gaetano. 1824. Osservazioni sopra i generi
Phaseolus et Dolichos [Observations on the genera Phaseolus
and Dolichos]. Nuovo Giornale de’Letterati (Pisa, Italy)
8(15):106-23. May/June. See p. 113-14. Continuation of
Memoria II, Sectio IV. [3 ref. Ita; Lat]
• Summary: The section titled “Soja” (p. 113-14) begins
by describing general characteristics of the genus, then
lists three species as follows: “Soja japonica hirsuta, caule
erecto-flexuoso superne subvolubili, racemis axillaribus
erectis, leguminibus pendulis. Nob.
“Dolichos Soja caule erecto flexuoso, racemis
axillaribus erectis, leguminibus pendulis hispidis
subdispermis. Lin. Iacq. Collect. 1. p. 46. Ic. rar. 1. tab. 145.
“Daidsu. Phaseolus erectus siliquis lupini, fructu pisi
majoris candido. Kaempf. Amoen: exot. p. 837. tab. 839.”
There follows a detailed a detailed description of the latter
plant species.
Note: This document is widely cited since, in it, Savi
was the first to give the scientific name Soja japonica to the
Japanese soybean. This article is apparently part 2 of a 3-part

series published from 1822 to 1825.
Gaetano Savi lived 1769-1844. Address: Professore di
Botanica nell’I. e R. Università de Pisa.
58. Moon, Alexander. 1824. A catalog of the indigenous and
exotic plants growing in Ceylon, distinguishing the several
esculent vegetables, fruits, roots, and grains; together with a
sketch of the divisions of genera and species in use amongst
the Singhalese. Also an outline of the Linnæan sexual system
of botany; in the English and Singhalese languages. For the
use of the Singhalese. Colombo: Printed at the Wesleyan
Mission press. 170 p. See p. 52-53. 34 cm. [4 ref]
• Summary: Under Class 17. Diadelphia. Order 24.
Decandria, we find a table showing the following: “426.
Phaseolus, Kidney-Bean. Willd. vi. p. 1030.” Moon then
lists 7 species: P. vulgaris (with 2 subspecies), P. lunatus,
P. Caracalla, P. trilobus, P. radiatus, P. Max, and Mungo.”
Phaseolus Max refers to the cultivated soybean. The symbol
of a dot in circle indicates that it is an annual plant. It is
described as “hairy podded.” The name is written in the
Singhalese alphabet and transliterated as “Boo-mae.” The
abbreviation “S.E.” means that the seed is edible. An earlier
source is listed as “Rumph. amb. t. 140,” which refers
to G.E. Rumphius’ Herbarium Amboinense, vol. 5, plate
140, which is a clear, excellent illustration of the soybean.
Finally the entry states: “Ceylon, cult. Gar.” which probably
means that the plant is cultivated in Ceylon in gardens, as
opposed to being grown in fields. Soybeans are also probably
grown in the Royal Botanic Gardens, of which Moon is the
superintendent.
“427. Dolichos, Dolichos. Willd. vi. p. 1037. D.
sinensis, Chinese, Wanduru-mae. China, Ceylon, cult. D.
sesquipedalis, long-podded, Hamas-mae, Amer., Ceylon,
cult. With red (Ratu) and white (Sudu) sub-species. Likewise
lists D. tetragonolobus, gladiatus, rotundifolius, virosus,
medicagineus, scarabæoides, purpureus, albus, luteus?, and
catiang.
“429. Glycine, Glycine. Willd. vi. p. 1053. G. villosa,
tenniflora, parviflora, javanica, viscidum. Gives details on
each.
Note 1. Alexander Moon (lived 1817-May 1825) was a
Scotch botanist who worked and died in Ceylon.
Note 2. This is the earliest document seen (Jan. 2009)
that mentions Phaseolus lunatus [the lima bean], which
it says is an annual with edible seeds, “scymetar-podded”
[scimitar], named Ooru-dambala, and cultivated in Bengal
and Ceylon. Address: Superintendent of the Royal Botanic
Gardens in Ceylon.
59. Candolle, Aug. Pyramus de. 1825. Mémoires sur la
famille des Légumineuses [Memoranda on the legume
family]. Paris: A. Belin. 525 p. Plus 71 leaves of plates. See
p. 378. [Fre]
• Summary: In Memorandum 9, “Review of the tribe
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Phaseoleae” (p. 353), Part 9 is “The genus Dolichos and
those which have been confused with it” (p. 372). Section 6,
“Soja” (p. 378) states: In addition to the five genera removed
from the genus Dolichos by Adanson, Moench has proposed
the establishment of a genus Soja, and he has been followed
in this regard by M. Savi in his excellent dissertation on the
Phaseoleae.
A botanical description of the genus Soja is given in
French.
The only species (D. soja of Linnaeus) is the soybean, of
which a brief botanical description is also given.
The soybean is also mentioned in an alphabetical table
on p. 524.
Note 1. This is the earliest document seen (June 2015)
concerning soybeans in connection with (but not yet in)
Switzerland.
Note 2. At the end of this book are 71 pages of superb
plates (illustrations); unfortunately the soybean is not shown,
Note 2. De Candolle established the genus Pueraria
in this work. The name commemorates M.N. Puerari, a
personal friend and Swiss national, who was a professor at
the University of Copenhagen. De Candolle described two
species, Pueraria tuberosum and P. wallichi; both remain in
existence in 2003. Address: Professeur d’histoire naturelle
et Directeur du jardin botanique de l’Académie de Genève,
Geneva, Switzerland.
60. Candolle, Aug. Pyramus de. 1825. Prodromus systematis
naturalis regni vegetabilis... Vol. 2 [Introduction to the
natural system of the vegetable kingdom... Vol. 2]. Paris:
Sumptibus socorium Treuttel et Wuertz. 644 p. See p. 396. A
14-volume work. [6 ref. Lat]
• Summary: In the chapter on Leguminosae, after the genus
Phaseolus and before the genus Dolichos, we find (p. 396):
“CLXXIV. SOJA Moench meth. 153. Savi diss. 1824. p. 16.
DC. leg. mem. IX. An 8-line description of the genus in Latin
is then given, followed by:
“I. Soja hispida (Moench l.c.) (I) [Indigenous] in
Japonia, India orient, Moluccis. Dolichos Soja Linn. spec.
1621. Jacq. icon. rar. t. 145. Soja Japonica Savi diss l.c.–
Kaempf. amoen. 837 et 838. icon. Corollæ violaceæ vix
calyce longiores (v.v.) [vidi vivam = I have seen a living
plant specimen.]
“Beta pallida [seeds white], floribus flavis, seminibus
albis Roxb. [Roxburgh] cat. p. 55.”
Also discusses the following plants: Psophocarpus
tetragonolobus [the winged bean], p. 403; Grows in
Mauritius and Madagascar.
Arachis hypogaea [the peanut], p. 474.
Voandzeia subterranea [the bambarra groundnut], p.
474.
Augustin Pyramo de Candolle (lived 1778-1841) was
the father of Alphonse de Candolle. His son was a joint
author.

Note 1. “Roxb. cat. p. 55” refers to: Roxburgh, William.
1814. Hortus bengalensis, or a catalogue of the plants
growing in the Honourable East India Company’s botanic
garden at Calcutta. The soybean (Dolichos Soja) is listed
on p. 55. A footnote explains that in the garden are growing
“Two varieties, one with white seed and yellow flowers, the
other with black seed and purple flowers.” However the word
“pallida” is not mentioned.
Note 2. This is the earliest document seen (Oct. 2004)
that uses the word pallida in connection with soybeans or
the color of soybean seeds. The Latin word pallidus means
pale or white. One of the two soybean varieties described by
Roxburgh in 1814 had white seeds. Address: France.
61. Iwasaki, Tsônemassa. 1828. Phonzo Zoufou [Honzô
Zufu: Atlas of Japanese medicinal plants. 96 vols.]. Tokyo:
Subaraya. See vol. 50. Fol. 2. Vol. 43, fol. 1-9. 8º (20-25 cm).
[Jap]*
• Summary: In Japanese, honzô means “plants” or “trees
and herbs.” Zufu means a “chart, picture, or figure.” This
illustrated materia medica contains 1,795 illustrations
(plates), most of them colored. The plates start with volume
50. The author, T. Iwasaki, lived 1786-1842; his first name is
also written as “Kan’en.”
Franchet and Savatier (1875, p. 108) state: For the wild
soybean–Glycine soja (Sieb. et Zucc.) see vol. 50, fol. 2?,
under Kin mame. For the cultivated soybean–Glycine hispida
(Moench, Meth) see vol. 43, fol. 1-9.
For the adzuki bean, Phaseolus radiatus, see vol. 43, fol.
11, under Kin Adz’ki, and vol. 43, fol. 9 verso, under Adz’ki.
For kudzu, Pueraria thunbergiana, vol. 27, fol. 15,
under Koutsou. Mène (1882, p. 3793) also states that Kudzu
is mentioned in Vol. XXVII, fol. 15 of this work.
Itie (1910, p. 43) notes: “The varieties of soybean in
Japan. The number of varieties of mame or daizu cultivated
in Japan is at least as large as the number in China. Somokou
Zoussetz (Somoku Zusetzu) has portrayed and described them
in the same way as the Phonzo Zoufou, which has given them
proper names. The former book illustrates Glycine Soja Sieb.
et Zucc. under the name Tsourou mame, the second under the
name Kiu mame; but the identification of these drawings is
doubtful.”
Note: The UCLA Biomedical Library has another
edition of this book; the year of publication is given as 1920.
Volume 50 is Curcubits and volume 43 is Brassica. Each
volume contains only 20-30 sewn pages. There is an index
in the last few volumes. See: Vol. 40 (1-2) and vol. 47 (2). At
the back of Vol. 20 are 20 listings for Glycine soja, but none
for Glycine hispida. Address: Japan.
62. Nuttall, Thomas. 1829. Soy bean (Letter to the editor).
New England Farmer 8(14):105. Oct. 23. Friday.
• Summary: In this front-page letter dated Oct. 14, Nuttall
writes: “As this plant thrives well in this climate, and
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Note 1. Unfortunately Nuttall did not indicate where
he obtained his seeds. In 1831 a person known only as “H.”
received a few soybeans from Nuttall and grew them in
Milton, Massachusetts. Nuttall lived 1786-1859.
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in Massachusetts, or the cultivation
of soybeans in Massachusetts. This document contains
the earliest date seen for soybeans in Massachusetts, or
the cultivation of soybeans in Massachusetts (1829). The
beans were probably planted in about May-July 1829. The
newspaper was published in Boston.
Note 3. This is the earliest English-language publication
seen (March 2021) with the word “soy bean” (or “soy
beans”) in the title.
Note 4. This letter was reprinted in the American
Farmer (Baltimore, p. 260-61) on 30 Oct. 1829 (Vol. 33, No.
11).
Note 5. This small color photo of Nuttall comes from
another source (Wikipedia entry for Thomas Nuttall).
Address: Botanic Garden, Cambridge, Massachusetts.
perfects its seeds, it may not, perhaps, be amiss to say
something of its use and history. It is an annual Bean, not
much unlike those we commonly cultivate, with an erect
stem, showing a slight tendency to twine at the summit
only; the flowers are very small for the germs, and reddish
in axillary clusters; the legumes are pendulous, hispid with
brown bristly hairs, with which the whole plant is more or
less clothed–these pods contain 2 or 3 beans when mature,
almost of a chocolate brown, and somewhat smaller than
any generally cultivated in this country.” It belongs to the
genus Dolichos (D. Soja), which also affords us several
other edible legumes. It is said to be indigenous to India
and Japan, where as well in China and Cochin-China, it is
very generally cultivated for food and probably preferred
for its great productiveness. A single bean produced, and
perfectly ripened with us at the Botanic Garden, 182 pods
with 2 to 3 beans in each. Whether in this country, where so
many fine legumes are cultivated, it might be esteemed for
food, is doubtful; the experiment may easily be made. But
its principal recommendation at present in [sic, is] only as a
luxury, affording the well known sauce called Soy, which at
this time is only prepared is [sic, in] China and Japan–that
of the latter country being usually preferred. The mode of
obtaining this sauce, is said to be as follows: “After the seeds are boiled until they become soft, they
are mixed with an equal weight of wheat or barley flour
coarsely ground. This mixture is fermented, and a certain
proportion of salt and water being added, the whole is
allowed to stand for two or three months, care being taken
to stir it every day; and by the end of that time it is ready for
use. Its composition then appears to be perfectly harmless,
which cannot be said of many other sauces; and among the
Asiatics it is considered beneficial in promoting an appetite.
“Yours, respectfully, Thomas Nuttall.”

63. Geiger, Philipp Lorenz. 1829. Handbuch der Pharmacie:
Zweiten Bandes zweite Haelfte, enthaltend den Rest der
Botanik, die pharmaceutische Zoologie und das Register
[Handbook of pharmacy. Vol. 2, part 2, containing the
remainder of botany, pharmaceutical zoology, and the
register]. Heidelberg: Universitaets-Buchhandlung von C.F.
Winter [C.F. Winter University Buchshop]. See p. 1401-02.
• Summary: Dolichos soja (soybean (Soja-Fasel, SojaBohne)). An annual plant that grows in the East Indies and
Japan with an upright stem that bends from one side to the
other, is 1 to 4 feet high, thin, smooth at the bottom and
covered with coarse hair at the top; with trifoliate, stemmed
leaves with very coarse hair consisting of oval, elongated,
blunt leaflets; with axillary flowers that are from nearly flat
(fast sitzend) to up to 3 to 5 upright (stehend) small, purpleviolet or white, the corolla hardly bigger than the calyx; and
hanging; elongated pods that are around 2 inches long, with
very stiff bristles containing for the most part 2 seeds; with
pale yellow smooth seeds, somewhat larger than peas.–In
Japan, this legume is the daily food. The famous soy sauce
(Soja) is produced from it. The soybeans (Sojabohnen) are
boiled until soft with just as many wheat or barley seeds and
kept warm for 24 hours so that they ferment, then mixed
with just as much salt and 2½ times as much water, left for
several months, and stirred often, especially at the beginning,
whereupon [the liquid] is squeezed out, strained, and stored.
It is a brown, rather thick, pleasantly salty-tasting broth
which in China and Japan is added to nearly all dishes. In
Europe, as well, it is used as a sauce with beef and so forth.
It is praised as a superb aid to digestion (Verdauungsmittel).
The older it is, the better it becomes. A similar mixture can
in fact also be prepared from our beans, from Phaseolus
vulgaris.
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Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. Translator’s note: “It’s interesting to see Soja
being used for soy sauce in these early texts from the late
eighteenth and early nineteenth centuries, whereas with the
late nineteenth and twentieth century texts, it was always
Sojasauce or Sojasosse. I’m guessing that’s because Europe
for the most part only knew the soybean in its sauce form
until about Haberlandt.” Address: PhD, Heidelberg [German
confederation].
64. Schrank, F.v.P. von; Martinus, C. von. 1829. Hortus
regius Monacensis: Verzeichniss der in koeniglichen
botaniscen Garten zu Muenchen wachsenden Pflanzen
[Hortus regius Monacensis: Catalog of the plants growing
in the royal botanical garden in Munich]. Munich: Im
Königlichen Central-Schuleücher Verlage; Leipzig: in
Commission bei Friedrich Fleischer. xii + 210 p. See p. 185.
[Ger]
• Summary: Page 135: “Soja Moench. (Dolichos L.)
“hispida Moench. (Dolichos Soja L.) Japan, East Indies.
Annual. Economic plant.” Address: [Munich, Bavaria].
65. Endlicher, Istavan Laszlo (Stephano / Stephan). 18301840. Genera plantarum: Secundum–Ordines naturales.
Disposita [Genera of plants: According to the natural orders.
Arranged]. Vindobonae [Vienna]: Printed by Fr. Beck
Universitatis Bibliopalam. lx + 1483 p. See p. 1291, No.
6649. Index. 27 p. [6 ref. Lat]
• Summary: Entry No. 6649 for the genus Soya (Mönch)
contains a detailed botanical description in Latin, followed
by abbreviated early references to the genus.
Also discusses: Prunus [almonds] (p. 1250-51). Lupinus
(p. 1262). Alfalfa (p. 1267). Lotus (p. 1269). Tetragonolobus
(p. 1269). Vicia faba (p. 1279). Arachis (p. 1282-83).
Pueraria (p. 1288). Psophocarpus (p. 1298). Voandzeia (p.
1298-99).
Istavan Laszlo (Stephano / Stephan) Endlicher
lived 1804-1849. At the back of this book is bound two
supplements by the same author: (1) Supplementum I (p.
1335-1427), followed by an index to all species up to this
place in the book. (2) Mantissa botanica: Sistens generum
plantarum. Supplementum secundum. Published in 1842 by
the same author (p. 1-114, incl. index). Address: [AustriaHungary].
66. Willdenow, Karl Ludwig. 1831. Grundriss der
Kräuterkunde zu Vorlesungen entworfen. Nach dessen Tode
neu herausgegeben mit Zusaetzen von D. H.F. Link. Dritter
(Praktischer) Theil [Outline of botany: Sketches of lectures.
Newly published after the author’s death with additions, by
Dr. H.F. Link. Third (practical) part]. Berlin: In der Haude
und Spenerschen Buchhandlung. 533 p. See p. 181-82.
Index. [165* ref. Lat]

• Summary: In Class II, Exogenae, Section 4 is Phaseoleae
[legumes]. Page 181: “41. Soja. Soja.” The genus is
described in Latin in 6 lines. Pages 181-82. “1. Soja hispida
Moench. Rauhe S. Foliola ovalia...” Address: 1. Ritter
des rothen Adler-Ordens, Prof. der Botanik, Vorsteher des
botanischen Gardens,.. [Knight of the order of the red eagle,
Prof. of Botany, Head of the botanical gardens,...].
67. Don, George. 1832. A general system of gardening and
botany: Containing a complete enumeration and description
of all plants hitherto known; ...Founded upon Miller’s
Gardener’s Dictionary, and arranged according to the natural
system. Vol. 2. London: C.J.G. and F. Rivington. 875 p. See
p. 356-57 (Soja), 220-21 (Glycine). Index at front. 27 cm. [3
ref]
• Summary: This work was published in 4 volumes between
1831 and 1838. It was “caused to be prepared” by the
proprietors of Miller’s Gardener’s and Botanist’s Dictionary.
The alphabetical arrangement of genera used by Miller was
discarded. “It only remained, therefore, to choose between
the Linnæan artificial method, and the Natural System
of Jussieu; but the numerous advantages of the latter,
particularly in an extensive work like the present, were too
apparent to leave any doubt in the mind of the Editor as to
which he ought to adopt... In the Linnæan artificial method,
it often happens, that genera, intimately related, are separated
far apart into different classes and orders, merely on account
of the difference in the number of their stamens and pistils;
a circumstance now found in many instances scarcely to be
of sufficient importance, even to separate species, still less
genera... The plan of the present work is founded on that
of M. de Candolle, in his invaluable works entitled Regni
Vegetabilis Systems Naturale and Prodromus, with such
alterations as were rendered necessary by the rapid increase
of science, and with numerous additions of new genera and
species...” Like Miller, Don classifies soybeans in the genus
Soja.
“CXC. SOJA (sooja is the name of a sauce prepared
from the seeds by the Japanese). Moench. meth. 153. Savi,
diss. 1824. p. 16. D.C. legum. mem. ix. prod. 2. p. 396.
Note 1. This is the earliest English-language document
seen (April 2012) that uses the term “sooja” to refer to soy
sauce.
“Lin. Syst. Diadélphia, Decándria. Calyx bibracteolate
at the base, 5-cleft, the 3 lower segments straight and acute,
but the 2 upper ones are joined together beyond the middle.
Corolla with an ovate vexillum, which stands on a short
stipe, and with an oblong straight keel.” Note 2. A Dictionary
of Botany, by Little and Jones (1980) defines vexillum
(plural: vexilla) as “See Banner.” Banner is defined as “The
broad uppermost petal of a papilionaceous corolla as in
the irregular flowers of certain members of the pea family,
Fabaceae. Synonym: Standard or vexillum.”
“Stamens diadelphous, the tenth one approximate,
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but certainly distinct. Stipe of ovary not surrounded by
a sheath at the base. Style short. Legume oblong, 2-5
seeded, membranous; the seeds intercepted by cellular
dissepiments. Seeds ovate, compressed.–A hispid erect herb,
with pinnately-trifoliate leaves, and with the flowers either
aggregate in the axils of the leaves on short pedicels, or
disposed in short peduncalate racemes.
“1 S. híspida (Moench. l. c.) Annual. Hardy. Native of
Japan, East Indies, and the Moluccas. Dólichos Soja, Li.
spec. 1621. Jacq. icon. rar. t. 145. Soja Japónica, Savi, diss.
1. c. Kæmpf. amoen. 837 and 838, with a figure. Corolla
violaceous, hardly longer than the calyx.
“The seeds, which are usually called Miso [sic, error
based on Miller 1807] in Japan, are put into soups, and are
the most common dish there, insomuch that the Japanese
frequently eat them three times a day. The Soja of the
Japanese, which is preferred to the Kitjap of the Chinese, is
prepared from the seeds, and is used in almost all their dishes
instead of common salt. The Chinese also have a favourite
dish made of these seeds, called ten-hu [sic, teu-hu, i.e. tofu]
or tau-hu, which looks like curd, and though insipid in itself,
yet with proper seasoning is agreeable and wholesome.
“Var. Beta, pállida (D.C. prod 2. p. 396.) flowers
yellow; seeds white. Roxb. [Roxburgh] hort. beng. p. 55.
“Hispid Soja. Fl. [Flowering] July, Aug. Clt. [Cultivated
since] 1790. Pl. [Plant] 1½ foot.
“Cult [Culture and propagation]. The seeds of this plant
only require to be sown in a warm sheltered situation in the
month of May.”
Under Phaseolus, Don lists a species named Phaseolus
max, following Linnaeus and Rumphius, but he apparently
did not confuse this with the soybean (listed on the same
page under Soja hispida), since he noted that the species was
not sufficiently known, the seeds were black, about the size
of coriander-seeds, and that Max is the Spanish name of the
plant.
On p. 220 we read: “XCV. Pueraria (in honour of
M.N.N. Puerari, a professor at Copenhagen [Denmark]).
D.C. ann. sc. nat. 1825. jan. p. 29. Leg. mem.vi. prod.2.
p. 240. Lin. syst. Monadélphia, Decándria.” Species: P.
tuberosa, P. Wallichii.
George Don, son of George Don (1764-1814), was a
British plant collector and nurseryman, born in Scotland, and
lived 1798-1856. He collected plants on various expeditions
for the Horticultural Society of London in Brazil, West
Indies, and Sierra Leone. One of the most indefatigable and
accurate botanists. Philip Miller lived 1691-1771. Note the
similarity of the section on food uses of soybean seeds to that
of Miller (1807). Address: England.
68. Roxburgh, William. 1832. Flora Indica; or, descriptions
of Indian plants... Ed. 2. Vol. 3. Serampore, India (printed
for W. Thacker and Co., Calcutta; and Parbury, Allen and
Co., London). viii + 875 p. See p. 314-15. Edited by William

Carey. [2 ref]
• Summary: In the section on Dolichos (p. 314-15) we read:
“17. Dolichos Soja. Willd. iii. 1051.
“Annual, erect, flexuous, every part hairy. Flowers
axillary, sub-racemous. Corol [corolla] scarcely longer than
the calyx. Legume reflexed, scimitar-shaped, from two to
three-seeded.
“Daidsee. Kaempf. amoen. p. 837. f. 838. good.
“Reared in the Honourable Company’s Botanic garden
[across the Hooghly / Hugli River from Calcutta] from seeds
received from the Moluccas [in today’s Indonesia] in 1798.
It may be cultivated at all times of the year, consequently
flowers at all times; but, like all the other leguminous tribe,
succeeds best during the cold season.
“Root ramous, annual. Stem erect, flexuous, very ramous
near the base, hairy in every part; from one to four feet
in height, but when high it requires support. Leaves longpetioled, ternate, hairy. Leaflets entire, ovate, the lateral
ones broadest, and considerably oblique, the inferior side
being much broader than the superior. Flowers axillary,
sometimes on a common short peduncle, sometimes without
it, and smaller than in any other species of Dolichos I have
yet met with; colour a reddish purple. Bractes small, hairy.
Corol scarcely longer than the segments of the calyx. Banner
vaulted, emarginate and closing the wings. Carina, stamina,
and pistillum as in the genus.”
Watt 1890 cites this as “Ed. C.B.C. p. 563.” = “Edited
by Carey and Wallich 1832, and reprinted by C.B. [Charles
Baron] Clarke” [in 1874]. Clarke wrote a long preface to the
1874 reprint. This 1874 edition was itself reprinted in 1971
in New Delhi by Today & Tomorrow’s Printers & Publishers.
Note: This document contains the earliest clear date
seen for soybeans in India, or for the cultivation of soybeans
in India or South Asia (1798). The source of these soybeans
was the Moluccas (today’s Indonesia). Therefore these
soybeans were probably introduced to India by British
traders. It seems likely that at an earlier date the soybean
entered India from China, carried by traders, down the valley
of the Brahmaputra River which flows along the center of
Assam from northeast to southwest. Today (March 2012)
in the states of north east India these soybeans are still
cultivated by traditional ethnic groups and used to make
various fermented foods that are close relatives of Kinema
(from Nepal), natto (from Japan), etc. (Tamang 2010).
Vol. 3 also contains detailed information on the peanut
(p. 280-82; Arachis hypogea. Willd. iii. 1346) and Phaseolus
radiatus. Willd. iii. 1036 (p. 296-97; this is apparently not
the azuki bean, since the seeds are black. Indian names–
Bengali: Mash-Kuluy or Dord. Sanskrit: Masha. Teling:
Minoomoo).
Flora Indica, William Roxburgh’s most important book,
was published after his death by his sons James Roxburgh
(1802-1884) and Bruce R. Roxburgh (1797-1861). The
first edition (2 volumes, been published in 1820 and 1824)
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contained no mention of the soybean. It had annotations and
additions by Nathaniel Wallich (1786-1854). William Carey
(1761-1834) was the editor.
According to the 1975 facsimile reprint of the first
edition of this book (Oriole Editions, New York): “The
people involved: William Roxburgh (1751-1815) came to
Madras in 1776 and met Johann Gerhard Koenig, an avid
botanist. Roxburgh developed experimental gardens of
possible crops, studied wild plants and accumulated a large
collection of drawings of plants. In 1793 he became Director
of the Botanic Garden in Calcutta which had been founded
by his predecessor, Robert Kyd. In 1814 ill health forced him
to leave India and he died the next year.
“William Carey (1761-1834) was a superb linguist who
was the first to translate the New Testament into Bengali.
He came to India in 1783 as missionary. He was a friend of
Roxburgh and became Roxburgh’s editor.
“Nathaniel Wallich (1786-1854) became Director of
the Calcutta Botanic Garden soon after Roxburgh’s death.
Wallich was a dedicated collector and spent much time in the
field.
“In 1813 Roxburgh turned over the completed
manuscript of his Flora Indica to William Carey. In 1816,
after Roxburgh’s death and the arrival of Wallich, Carey
went to Wallich to discuss publication of Roxburgh’s
manuscript. Wallich agreed, saying ‘Publish and I will edit it
and bring it up to date.’
“The first volume was published in 1820 and the second
volume in 1824.”
Vol. 3 also discusses: Arachis / Peanuts (p. 281-82).
Hemp (Cannabis sativa) (p. 772-73). Amaranthus (amaranth,
various species) (p. 601-09).
69. Bunge, Alexander von. 1833. Enumeratio plantarum,
quas in China boreali collegit, anno 1831 [Listing of plants
collected in northern China in 1831]. Memoires Presentes a
l’Academie Imperiale des Sciences de Saint-Petersbourg par
Divers Savans, et Lus dans ses Assemblees 2:75-147. See p.
94. (Akademiia nauk SSSR). [Lat]
• Summary: The full text of the entry concerning the
soybean reads (p. 94): “118. Soja hispida. Mönch. Frequens
colitur. Florio Junio.” It is followed by the symbol of a circle
with a dot in the middle. This means that the plant numbered
118 by Bunge, the soybean, is frequently / widely cultivated
and flowers in June. The symbol means that the plant is an
annual.
The title page of this key journal, written with diacritical
marks, reads: “Mémoires Présentés à l’Académie Impériale
des Sciences de Saint-Pétersbourg par Divers Savans, et
Lus dans ses Assemblées. Tome II. St.-Pétersbourg, de
l’Imprimerie de l’Académie Impériale des Sciences. 1835.”
The verso of the title page reads: “Publié par Ordre de
l’Academie. En Août 1835.” This means: “Published by
order of the Academy in August 1835.” Below the title of the

article is written: “Le le 7. Mars 1832,” when means: “Read
the 7 March 1832.”
Note 1. Candolle (1885, p. 331) states: “Russian
botanists [he cites Bunge and Maximowicz] have only found
it [the soy bean, Glycine soja, Bentham] cultivated in the
north of China and in the basin of the Amur River.”
Note 2. The Amur River (called Hei-lung chiang or
Heilongjiang [pinyin] in Chinese) forms the boundary
between northern Manchuria (Heilongjiang province) and
two provinces of Russia [and the former USSR]. Thus
the soybeans were probably growing in both Russia and
Manchuria. For Dr. Bunge to have read his paper in March
of 1832 (the winter), he would have had to observe the
soybeans growing in 1831. Soja hispida is the cultivated
soybean, not its wild ancestor, Glycine soja.
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in Manchuria, Russia, or the former
USSR, or the cultivation of soybeans in Manchuria, Russia,
or the former USSR. This document contains the earliest
date seen for soybeans in Manchuria, Russia, or the former
USSR, or of the cultivation of soybeans in Manchuria,
Russia, or the former USSR (1831). Yet we cannot be sure
that soybeans were actually cultivated in Russia.
In bibliographical notes published on this work, William
T. Stearn writes in the Journal of Botany 79:63-64 (1941):
“Some authors have taken 1832, others 1831, 1833, 1834
or 1835 as the year of publication of the important paper by
Alexander von Bunge on the flora of northern China [the
title of which is shown above]... This paper was read to the
Académie Impériale des Sciences at St. Petersbourg on 7
March 1832, but the title page of the ‘Mém. Savant. Etrang.
Acad. Sci. St.-Petersbourg,’ vol. ii, of which it occupies pp.
75-148., is dated ‘1835’; hence the divergence of opinion
about its date of issue. Bunge arrived in Pekin [Peking] with
the Russian Ecclesiastical Mission in November 1830 and
left with the outgoing mission in June 1831. He spent the
winter of 1831-32 at Irkutsk in eastern Siberia and here with
only a few botanical books at hand, he wrote his enumeration
of the plants collected. The veteran agrostologist Carl
Bernhard Trinius (1778-1844), of the St. Petersburg
Academy, named and described his grasses. This fact
enables one to date Bunge’s paper with precision.” It was
published in March 1833. “Confirmation of this publication
before September 1833 is supplied by a long review by Carl
Friedrich Ledebour (1786-1851) in ‘Dorpater Jahrbuecher
für Literatur, Statistik, und Kunst,’ i. pp. 218-222. Ledebour
likewise gives ‘1833’ as its date. Bunge had been a student
of Ledebour’s at Dorpat and travelled with him in the Altai;
later he followed him as professor of Botany at Dorpat...”
According to Stafleu and Cowan’s Taxonomic Literature
(1976-1988), this work was published in “March 1833, p. [i],
[I]-73, pl. 1-6. Copy: G.–Preprinted with separate pagination
from Mémoires des Savants Étrangers de l’Academie
Imperiale des Sciences de St. Petersbourg 1835, p. 75-148.
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Bunge marked some correlations in ink in some of the
copies of the pre-print... It is unlikely that this constitutes
effective publication by ‘indelible autograph’ as required by
Art. 29, the more so since they are not found in the journal
publication. Ledebour published these corrections effectively
later in the year in his review of the Enumeratio in the
Dorpater Jahrbuecher für Literatur, Statistik und Kunst
besonders Russlands, I:218-222 (Dec. 1833).–Extracts of
Bunge’s diary were published in the Mém. 4:251-262, 341356 (1835) (plants on pp. 341-342).”
Bunge was a professor of natural history at Dorpat. He
was a Russian botanist and explorer. Note 4. He could have
been Prussian.
70. Wight, Robert; Walker-Arnott, George A. 1834.
Prodromus floræ Peninsulæ Indiæ Orientalis [Introduction to
the flora of the East Indian Peninsula]: Containing abridged
descriptions of the plants found in the peninsula of British
India, arranged according to the natural system. Vol. I.
London: Parbury, Allen & Co. xxxvii + 478 p. p. 244-45,
247. [7 ref. Eng]
• Summary: In the chapter on “Leguminosæ,” on page 247
the author discusses Soja Moench, and Dolichos Linn. On
page 244-47 he discusses Phaseolus species.
“XLIV. SOJA. Moench. Calyx bibracteolate at the
base, 5-cleft; the three lower segments straight and acute;
the three upper combined to beyond the middle. Corolla
papilíonaceous, scarcely longer than the calyx; vexillum
ovate, somewhat cucullate and enclosing the alæ [plural of
“ala;” the two side petals in a papilionaceous corolla], shortly
clawed: keel oblong, straight. Stamens diadelphous (9 and
1), the tenth close to the others. Sheath wanting around the
base of the ovary. Style short. Legume oblong scimitarshaped, 2-5-seeded, membranaceous, furnished with cellular
partitions between the seeds. Seeds ovate, compressed.–
Annual, erect, flexuose, very hairy. Leaves pinnately
trifoliolate. Flowers either aggregated in the axils, or in a
short axillary raceme.
“*762. (1) S. hispida (Moench).–DC.! prod. 2. p. 396;
Wall.! L. n. 5529.–S. Japonica, Savi.–Dolichos Soja, Linn.
sp. p. 1021; Jacq. ic. rar. t. 145; Spr. syst. 3. p. 251; Roxb.
[Roxburgh] fl. Ind. 3.p. 314; in E.I.C. mus.tab. 1607.”
Note 1. This is the earliest English-language document
seen (April 2003) that uses the word “papilíonaceous”
(or any related word starting with the letters “papílion”
or “papilion” meaning “butterfly”) in connection with the
soybean.
Note 2. In this book there is also the first reference to
Iohnia/Johnia Wightii. Wight lived 1796-1872. WalkerArnott lived 1799-1868. This is a flora of the area now
known as India. Address: 1. Member of the Imp. Acad.
Naturæ Curiosorum, Surgeon on the Hon. East India
Company’s Madras Establishment (and botanist in the East
Indies); Google Books at soja + hispida 2008/02.

71. Kosteletzky, V.F. [Vincent Franz]. 1835. Allgemeine
medizinisch-pharmazeutische Flora [General medicinal and
pharmaceutical flora containing the systematic listing and
description of all of the plants that are known up until now
in all parts of the world in their relationship to Dietetics,
Therapy, and Pharmacy organized by the natural families of
the plant kingdom]. Prag: Borrosch und Andre. See p. 12971298. [4 soy ref. Ger]
• Summary: Soja. Mönch. Soy
Calyx five lobes, two lips, barely shorter than the
corolla. Carina elongated, straight. Ovaries basically without
sheath. Everything else as with Phaseolus.
S. hispida Mönch. Coarse-haired soy (Rauhhaarige S.);
soybean (Sojabohne).
Kämpf. t. 838. Jacq. ic. 1. t. 145. Plenk [Plenck]. t. 557.–
S. japonica. Savi. Dolichos soja. L.
[There follows a botanical description of the soybean
plant. After a circled number 1 we read]:
The palatable seeds are eaten like beans. They also serve
for the preparation of a sort of thick, very spicy sauce that is
called “soy” [sauce] (Soja). In Japan and China, as in all of
the East Indies in general, it is used as an additive to dishes
and now is also frequently brought to Europe for the same
purpose.
Note: Translated by Philip Isenberg (MM, CT), Long
Beach, California. Address: Doctor of medicine, substitute
professor of medical botany, corresponding member of
the Medico-Botanical Society of London (Medizinischbotanische Gesellschaft zu London), the Royal Bavarian
Botanical Society in Regensburg (Königliche-bairische
Gesellschft zu Regensburg), and the Prussian-Silesian
Society for National Culture (Preussisch-schlesische
Gesellschaft für vaterländische Cultur).
72. Lindley, John. 1835. An introduction to botany. 2nd ed.
London: Printed for Longman, Rees, Orme, Brown, Green,
& Longman. xiv + 580 p. See Book 5, p. 510-11. Illust.
Index. [10 ref]
• Summary: Under “VII. Kingdom of Scitamineæ (Indian
Kingdom–Roxburgh’s Kingdom)” we read (p. 511):
“Cultivated plants: Oryza sativa,... Arachis hypogæa,... Soja
hispida,...” Address: Ph.D., F.R.S., L.S. and G.S. Prof. of
Botany in the Univ. of London, and in the Royal Institution
of Great Britain.
73. Graham, John. 1839. A catalogue of the plants growing
in Bombay and its vicinity; spontaneous, cultivated or
introduced, as far as they have been ascertained. Bombay:
Printed at the Government Press. ix + 254 p. See p. 52. 22
cm. [5 ref]
• Summary: “205. Soja. W. & A. [Wight & Arnott 1834]
Diadelphia Decandria. Sooja–name of a Chinese sauce
prepared from the seeds.
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“405. S. [Soja] Hispida W. & A. 762. Dolichos soja.
Rox. [Roxburgh] Flora. 3. p. 314. Jacq. [Jacquin] Ic. Rar.
t. 145. An annual, hairy plant; flowers small, of a reddish
purple; in gardens. In Japan the seeds are called Miso [sic,
error based on Miller 1807], and are commonly eaten in
soups (Don. [1832])
“206. Dolichos. L. Diadelphia Decandria. Greek, for
long, -tedious: (Odys.) name given in allusion to the habit
of the plants, sending forth long shoots. Gaert. t. 150. Lam.
t. 610.” The author then gives brief descriptions of Dolichos
uniflorus, D. falcatus, and D. sinensis.
The title page reads: “Published under the auspices,
and for the use of the Agri-Horticultural Society of Western
India. To be continued and completed Printed by special
permission, at the Government Press, Bombay.” A quote
from Linnaeus is on the title page. The author, John Graham,
lived 1805-1839. Voigt (1845) notes that Dr. J. Graham was
a professor of Botany at Edinburgh, Scotland. Contains a
preface giving a short account of the author and a manuscript
index of native names. Address: Deputy Post-Master General
of Bombay.
74. Siebold, Ph. Fr. de; Zuccarini, J.G. 1845. Florae
Japonicae familiae naturales, adjectis generum et specierum
exemplis selectis [Flora of Japan: Natural families with
genera and selected examples of species]. Abhandlungen
der Mathematisch-Physikalischen Classe der Koeniglich
Bayerischen Akademie der Wissenschaften (Munich). Vol.
4, no. 3, part 2. See p. 119. Reprinted as a monograph in
Muenchen, Germany, 1851. [3 ref. Lat]
• Summary: This work by Philipp Franz von Siebold and
Joseph G. Zuccarini first gave the soybean its present genus
name, Glycine. It also gave the wild soybean its present

scientific name Glycine soja.
“9. Glycine DC.
“14. Gl. Soja Sieb. et Zuccar.–Gl. volubilis retrorsum
hirsuta, foliis longe petiolatis ovato-lanceolatis acutis
vel acuminatis hirtis, intermedio pedicellato bistipellato,
stipulis parvis linearibus, stipellis setaceis, racemis
axillaribus 8–12-floris petiolo multo brevioribus, floribus
parvis, inferioribus 3–4 tantum fertilibus, leguminibus
linearibus compressis subfalcatis hirsutis 2–3-spermis, styli
basi uncinata terminatis, seminibus trausversim ellipticis
compressiusculis.–An hic Glyc. javanica Thunb. Act. Linn.
II. p. 340 excl. Synon?”
“10. Soja Mönch.
“15. S. hispida Mönch. Dolichos Soja L.–Soja japonica
Savi. Daidsu vel Mame Kämpf. Amoen pag. 837 c. ic. opt.,
ubi et condimenti conditio effuse describitur.”
Note: The year of publication is also given as 18431846.
75. Voigt, Johann Otto. 1845. Hortus Suburbanus
Calcuttensis: A catalogue of the plants which have been
cultivated in the Hon. East India Company’s Botanical
Garden, Calcutta, and in the Serampore Botanical Garden,
generally known as Dr. Carey’s Garden, from the beginning
of both establishments (1786 and 1800) to the end of August
1841. Calcutta: Bishop’s College Press. 745 p. + lxviii. See
p. 231. [Eng]
• Summary: “Soja, Moench. (DC. pr. [De Candolle.
Prodromus Systematis Naturalis Regni Vegetabilis] 2, p.
396;–W. and A. pr. [Wight and Arnott. Prodromus Florae
Peninsulae Indiae Orientalis] 1, p. 247.) 1. hispida, Moench.
(DC. l. c. [De Candolle locus citatus];–W. and A. l. c. [Wight
and Arnott locus citatus];–J. Grah. Cat. B. pl. [J. Graham’s
Catalogue of Bombay plants] p. 52.–S. japonica, Savi.–
Dolichos Soja, L.; Jacq. icon rar. [Jacquin, (Nicolas Jos. von)
Icones Plantarum Rariorum, 3 vols. 1781] t. 145;–Roxb. fl.
ind. [Roxburgh’s Flora Indica] 3, p. 314.–Kaempf. amoen.
[Kaempfer, (Engelbert) Amoenitates Exoticae, 1712] p. 837,
t. 838.)
“Gari-kulay. Annual: Japan. Moluccas. Nepal. TaongDong. Cultivated in gardens. Fl. [flowers] smallish, reddishpurple, and seeds black, C.S. [Cold season]. Seeds in Japan
commonly eaten in soups. (G. Don.) Beta. leucosperma.
Seeds white; flowers yellow.”
Note 1. This work contains a valuable 10-page listing
of the “Principal abbreviations employed in this volume,” as
shown above. It translates the bibliographic shorthand used
by botanists of the day into a form that can be understood by
today’s reader. A statement after the subtitle reads: “Drawn
up according to the Jussieuan arrangement, and mostly in
conformity with the second edition (1836) of Lindlay’s
Natural System of Botany.”
Note 2. Voigt, a Surgeon of the Danish Government,
working in India, lived 1798-1843; this work was published
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after his death.
Note 3. This is the earliest document seen (March
2021) concerning soya in connection with (but not yet in)
Denmark. Address: Surgeon of the Danish Government,
Serampore, India.
76. Madden, -. 1848. The Turaee and outer mountains of
Kumaoon. J. of the Asiatic Society of Bengal 17(1):349-450.
May. See p. 444. [3 ref. Eng]
• Summary: “The following details, chiefly botanical,
comprise the result of observations made during several
short excursions from Almorah to the Turaee and Outer
Mountains of Kumaoon, between the Kosilla and the Kalee
rivers. Performed during the cold season or spring, many
deficiencies must necessarily exist, especially as to the
vegetation of the Turaee and the mountain range immediately
above it, which is most copious and luxuriant during and
immediately after the rainy season.”
Page 444: “Soja hispida: ‘Bhut.’ Common about
Almorah: ‘Khujooa’ of Rohilkhund” [Rohilkhand, a region
of northwestern Uttar Pradesh state of India. Uttar Pradesh is
bordered by Nepal to the north],
Note: Almora is a cantonment town in the Almora
district in the state of Uttarakhand, in central northern India.
Address: Major, Bengal Artillery.
77. Wu, Qijun. 1848. Zhiwu mingshi tukao [Illustrated
investigation of the names and natures of plants]. Peking,
China. 60 vol. in 6. Passage on soy reprinted in C.N. Li
1958 #341, p. 241-42. Illust. 29 cm. Reprinted in 1919 by
Commercial Press, Shanghai (with Index). 23 cm. [Chi]
• Summary: Wade-Giles reference: Chih Wu Ming Shih
T’u K’ao, by Wu Ch’i-Chün. Qing dynasty. A famous
compilation of earlier material. The section titled “Soybeans”
(dadou) reiterates earlier material. The section titled “White
soybeans” (baidadou) states: Most people think that white
soybeans are the same as yellow soybeans, but they are not.
When you buy them in the market, you roast (chao) the
green soybeans. The brown ones are often called “tea beans”
(chadou); their shape is long and round and they are usually
roasted (chao) as an accompaniment for tea. They are usually
planted in Sichuan province on spare land, but they are not
planted as widely as yellow soybeans (huangdou). Yellow
soybeans are commonly called maodou (“hairy beans”) and
they are the most widely planted of the different colors. In
the beginning they were planted as a vegetable [i.e., green
vegetable soybeans]. Then it came to be used as a grain. The
people cannot do without it, even for a day. The flowers are
small, and the beans are yellow, but sometimes they have a
black hilum (qi). The shape is thin. They come in early and
late varieties. If you see them all together, you can tell the
difference. (Translated by H.T. Huang, PhD, March 2003).
Bray (1984, p. 647): “Illustrated investigation of the
names and natures of plants.” Peking, 1848. Reprinted in

1919 by Commercial Press, Shanghai (with index).
Wai (1964) translates the section on Liu An and tofu
as follows: “Liu An, King of Wainan, first invented the
preparation of tofu (soybean curd). Black beans, cowpeas,
garden peas, or mung beans may be used as the raw
materials. They are soaked in water, ground, filtered, and
boiled. To the boiled filtrate is added bittern, leaves of
mountain alum [or China box, shanfan, Murraya exotica,
L.] or sour paste vinegar, and the precipitate is collected in
the pan. Sometimes the precipitation is brought about by the
addition of gypsum [the dihydrate form of calcium sulfate]
and the precipitate is collected in an earthenware tub. Most
salty, bitter, sour as well as hot materials can be used to
precipitate tofu.”
In 1917 M.J. Hagerty translated the section on beans
(including soy beans) into English (18 pages). Note: Wu
Qijun died in 1846.
78. Mason, Francis. 1850. The natural productions of
Burmah: or, Notes on the fauna, flora, and minerals of the
Tenasserim provinces and the Burman empire. Maulmain
[Moulmein], Burma: American Mission Press, Thos. S.
Ranney. [xii] + vii + 712 p. Index. 19 cm.
• Summary: The title page states that Rev. Mason is a
corresponding member of the American Oriental Society, of
the Boston Society of Natural History, and of the Lyceum of
Natural History, New York.
The Preface begins: This work owes its origin to the
wants experienced to a translator of the Bible.”
In the Preface (which has no page numbers), Mason
states that “no pretensions are made in this work to
completeness. It is not a book composed in the luxury of
literary leisure, but a collection of notes that I have been
making during the twenty years of my residence in this
country, in the corners of my time that would otherwise
have been wasted.” After the Preface there is an Introduction
followed by chapters titled “Geology” and “Mineralogy.”
The chapter titled “Plants” (p. 543) begins: “Besides the
plants that I have examined myself, others are enumerated
in this catalogue, that have been collected by Carey, Wallich
and Griffith, which I have met with in Roxburgh’s ‘Flora
Indica,’ Voigt’s ‘Hortus Suburbanus Calcuttensis,’ Lindley’s
‘Genera and Species of Orchideous plants,’ Bentham’s
‘Labiatarum Genera et Species,’ De Candolle’s ‘Prodromus
Systematis Naturalis Regni Vegetabilis, Pars V.’ Wight’s
‘Illustrations of Indian Botany,’ Wight’s ‘Icones Plantarum
Indiæ Orientalis,’ and Wallich’s ‘Plantæ Asiaticæ Rariores.’”
Therefore, all the plants listed in the following pages
were observed and recorded by other botanists in “British
India” but were not observed by Mason in Burmah.
Note 1. The term British India also applied to a small
part of Burma (present-day Myanmar) starting in 1824, and
by 1886, almost two thirds of Burma had come under British
India. This arrangement lasted until 1937, when Burma
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commenced being administered as a separate British colony.
In the Catalogue of plants, the section titled
“Leguminosae, Leguminous plans” (p. 575) includes the
following listings (with the name of each plant species also
written in the Burmese script):
Soja hispida, Monch. [sic, Moench] (p. 578).
Cicer arietinum, Grah., Chick Pea (p. 578).
Phaseolus mungo, Lin. Gram (p. 578).
Psophocarpus tetragonolobus, D.C., Chevaux de Frize
Bean (p. 579).
Note 2. The reference to the soybean, Soja hispida, in
this book does not prove that the soybean was in Burma or
cultivated in Burma in 1850. Address: Rev [USA].
79. Fortune, Robert. 1852. A journey to the tea countries
of China [1848-51]; Including Sung-lo and the Bohea
Hills; With a short notice of the East India Company’s
Tea Plantations in the Himalaya mountains. London: John
Murray. xv + 398 p. See p. 177. 22 cm. Originally published
in large part in The Gardeners Chronicle (1849-51), under
the title Notes of a Traveler.
• Summary: In about 1843-44 the author landed in China
for the first time, in the capacity of Botanical Collector
to the Horticultural Society of London. From 1848 to
early 1851, on this trip to China, he was engaged by the
Honourable Court of Directors of the East India Company
in procuring supplies of tea plants, seeds, implements, and
green-tea makers for the British government plantations in
the Himalayas. In May 1849 he visited Nan-che in Chekiang
province on the Green River (Hwuy-chow). He wrote:
“Ninety le [or li; 1 li = about 500 meters = 0.31 miles]
from Nan-che I arrived at a small place named Long-yeou,
also on the banks of the river... I observed large quantities
of buckwheat, Indian corn, millet, and soy growing in the
fields.”
Note: Nan-che was at that time also called Lanchee. It
was located about 120 le/li or 40 miles west of Yen-chow-foo
or Yen Chou. By 1990 Nan-che was called Lan Ch’i (WadeGiles) or Lanxi (pinyin), located on the Fuchun River.
On 1 June 1849 the author visited the important town of
Chu-chu-foo [Kü chou fu]. “Earth-nuts (Arachis hypogæa)
and soy are plentiful, both of these crops delighting in sandy
soil.”
Robert Fortune lived 1813-1880. The book has no
index. Address: Born in Scotland. The preface of the book
was written in April 1852 in Brompton, a district in London,
England.
80. Mason, Francis. 1852. Tenasserim: or, Notes on the
fauna, flora, minerals, and nations of British Burmah and
Pegu. With systematic catalogues of the known minerals,
plants...; with vernacular names. Maulmain [Moulmein],
Burma: American Mission Press, Thos. S. Ranney. xv + 712
p. See p. 578. 19 cm.

• Summary: The title page states that Rev. Mason is a
corresponding member of the American Oriental Society, of
the Boston Society of Natural History, and of the Lyceum of
Natural History, New York.
In the preface he states that “no pretensions are made in
this work to completeness. It is not a book composed in the
luxury of literary leisure, but a collection of notes that I have
been making during the twenty years of my residence in this
country, in the corners of my time that would otherwise have
been wasted.”
Starting on page 131 he describes the great variety of
vegetables which are indigenous or cultivated in British
Burmah and its Provinces–most of which he has personally
observed. He gives the English name for each known plant,
a brief nontechnical description, the scientific name, and the
local name for each, in Tavoy or Arracoan, where known.
The peas and beans which he describes include the pea
(Pisum sativum), Goa bean [winged bean] (Psophocarpus
tetragonolobus), sword bean (Canavalia gladiata; Dolichos
gladiatus), Indian kidney bean (Lablab vulgare; Dolichos
lablab; probably lablab bean / hyacinth bean), native bean
(Cyamopsis psoraloides; Dolichos fabaeformis), black gram
(Phaseolus mungo, melanospermus; Phaseolus max), melilot
(Melilotus), agati (Agati grandiflorum), chickpea (Cicer
arietinum), doll or doll bean (Cajanus indicus), wild French
bean (Phaseolus trilobus), and wild dolichos (Dolichos
pilosus). The soybean is not mentioned in this part of the
book. Note 1. This is the earliest English-language document
seen (March 2021) that uses the term “sword bean to refer to
Canavalia species.
However a section titled “Plants” (p. 543) begins:
“Besides the plants that I have examined myself, others
are enumerated in this catalogue, that have been collected
by Carey, Wallich and Griffith, which I have met with in
Roxburgh’s ‘Flora Indica,’ and seven other books about
Oriental botany whose authors and titles he gives.
In this section, under Leguminosae (p. 575), Mason lists
the genus Soja (Monch. [sic, Moench]) and the species Soja
hispida (Monch) (p. 578). No local name is given. Thus, he
apparently had not observed the soybean in Burmah or its
provinces by 1852, but he was aware of the plant.
Note 2. This is the earliest document seen (March 2021)
concerning soybeans/soya in connection with (but not yet in)
Burma.
Note 3. This is the earliest English-language document
seen (March 2021) that mentions hyacinth beans together
with soybeans.
Concerning the “Earth Nut or Pea Nut” (Arachis
hypogea Lin.; p. 580), the Burmese name is given as myæbai. Note 4. This is the earliest English-language document
seen (May 2001) that uses the term “Pea Nut” to refer to the
peanut.
Note 5. This is the earliest English-language document
seen (March 2021) that mentions the word “chickpea” (or

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 57
chickpeas; spelled as one word). “The chickpea, or gram, is
grown extensively by the Burmese, especially in Burmah,
and large quantities are imported into the Provinces from
Rangoon.”
Note 6. This is the earliest document seen and the
earliest English-language document seen (March 2021) that
mentions the black gram, whose main scientific came is
given as Phaseolus mungo, melanospermus. Address: Rev.,
A.M., Tavoy [British Burmah].
81. Moore’s Rural New Yorker. 1853. The Japan pea. 4(7):54.
Feb. 12.
• Summary: “The attention of horticulturists has been
directed to a new pea, which, on account of the source from
which it was received, is called the Japan pea. Samples of
them have been sent to the Massachusetts Horticultural
Society, by Mr. A.H. Ernst, who has grown them in his
garden, near Cincinnati, Ohio, the past season.
“The account of their transmission into American hands
is, that a Japan vessel in distress was encountered by an
American vessel, which took off the crew and some of the
stores, landing them at San Francisco, California. Among
other things were some of these peas, which falling into
the hands of Dr. [Benjamin Franklin] Edwards, of Alton,
Illinois, he handed them over to J.H. Sadd, a distinguished
horticulturist, by whom they were placed at the disposal
of the Horticultural Society of Cincinnati. Mr. Ernst, who
has successfully cultivated them, speaks of their being a
peculiar plant, of an upright, stiff form, branching much,–the
leaves large, light green and downy beneath. The flower is
small, lilac-colored, the seed pods numerous, small, and
wooly, grow in clusters, and are very productive. Its bearing
propensities are large, the plant attaining good size, which
it is believed will adapt it for field culture. They mature
fully on the Ohio River, and it is believed that they may be
introduced into general cultivation.
“Mr. J.E. Teschemacher, the botanist at the Mass. Hort.
Society furnishes the following information which will be
found interesting:
“The plant alluded to by Mr. Ernst is Cajanus bicolor,
a native of the East Indies, Amboyna, Japan, &c.; flowers
small, interior yellow, vexillum purple, erect shrub,
pubescent [hairy], nearest in alliance to the Lupinus. The
seeds are good to eat and, when young, very delicate. On
soaking the round seeds for an hour in moderately hot water,
they take exactly the form and appearance of the common
white bean, become quite tender, and have a pure and
delicious nutty and oily flavor. The whole plant, with the
seed, is excellent for fattening hogs and cattle.
“There is one other species, Cajanus flavus, common in
South America and the West Indies, where it is sometimes
used for a fence to sugar plantations. In Jamaica, this species
is much used for feeding pigeons, and is there called the
Pigeon-pea. In Martinique the seed is much esteemed for the

table.
“Being a tropical plant, it would hardly stand our
winters. Yet, from the observations of Mr. Ernst, it is not
improbable that our climate might admit of an annual harvest
of the seed, which seems to be so abundantly produced as to
make an experiment highly interesting.”
In summary, Dr. Benjamin Franklin Edwards, in San
Francisco, probably examined quarantined Japanese on the
barque Auckland and received soybeans, called Japan peas,
as a gift. This is the key document describing how soybeans
got to California, and then to the Midwest.
First cited by Hymowitz. 1987. Introduction of the
Soybean to Illinois. Economic Botany 41(1):28-32.
Note 1. This is the earliest document seen (March 2021)
concerning the cultivation of soybeans in Ohio (one of two
documents).
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in California (one of two documents).
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in Illinois (one of two documents).
Note 4. This is the earliest English-language document
seen (March 2021) with the term “Japan pea” in the title. It
clearly explains the origin of the term. At least seven other
documents published in 1853, after this one, also mention the
Japan pea.
Note 5. Mr. Teschemacher’s identification of this plant
seems to be mistaken. Prof. Ted Hymowitz notes (personal
communication, 18 Oct. 1991): “The descriptions by
Teschemacher and others of the Japan Pea clearly point to
the soybean. Cajanus bicolor DC is a synonym for Cajanus
cajan (L.) Millsp., the common pigeon pea cultivated
throughout the tropics. Obviously Mr. Teschemacher has
confused the pigeon pea with the soybean. The pigeon pea
could not possibly produce seed in Ohio, Massachusetts, etc.
In addition, the plant that Teschemacher saw is described
as reaching a height of 2 to 4 feet–typical heights for
the soybean. Pigeon peas (except for recently developed
dwarf types) reach a height of from 6 to 10 feet or more.
In sum, no one pays much attention to Mr. Teschemacher’s
identification. Thus it is not mentioned in the modern
literature.”
Note 6. This is the earliest English-language document
seen (March 2021) that uses the word “pubescent” in
connection with the soybean.
Note 7. This is the earliest English-language document
seen (March 2021) that contains the term “Pigeon-pea”
(or “Pigeon-peas” or “Pigeon pea”)–even though the
identification is mistaken.
Note 8. This is the earliest English-language document
seen (March 2021), published in the USA, which states that
whole soybeans are good to eat.
Note 9. This is the earliest English-language document
seen (Feb. 2021) that mentions soybeans as a feed for
“hogs.” A hog is a domestic pig or swine which weighs more
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than 120 pounds. Address: Rochester, New York.
82. Magazine of Horticulture, Botany, and All Useful
Discoveries and Improvements in Rural Affairs (Boston).
1853. Art. II. Massachusetts Horticultural Society. 19:18689. April.
• Summary: Page 188: Jan. 22. “Dr. Wight read a letter from
Mr. A.H. Ernst, accompanied with seeds of the Japan peas;
and also a note from Mr. Teschemacher, upon the same. The
Letters are as follows:–”My Dear Sir:–I herewith send for
your distribution amongst the members of the M.H. Society,
a small parcel of peas.
“The growth of the plant is peculiar, being of an upright
and stiff form, somewhat branching; the leaves are large,
light green, and downy beneath; the blossom is small and of
a lilac color; seed pods numerous, small and wooly,–growing
in clusters over the entire plant, proving very productive.
“Its habit of growth is such as to fit it to withstand severe
storms; and, should it prove valuable as food for cattle, it
must commend itself to the agricultural community in field
culture.
“In its cultivation it evidently requires room, to give
the plant a full development for branching. Its bearing
properties are immense. Accompanying the seeds I send a
plant, to show its habits of growth and bearing properties. Its
origin is said to have been Japan. It was introduced into this
country, some two years since, by the agency of one of those
calamities which sometimes result in benefit to mankind.
“An American ship encountered a Japan vessel in
distress, and the crew were carried to San Francisco,
California. Amongst the stores which were transferred was
the ‘Japan pea,’ a few of which found their way into the
hands of Dr. Edwards, of Alton, Illinois. He handed them
over to Mr. J.H. Ladd, a distinguished horticulturist, who
presented the produce to our society. Those now sent you
were grown in my grounds,–having fully matured in our
climate. Your climate may prove too severe.
“I have sent small packages of seed to kindred
associations, with the request that they may be placed in
careful hands. It is possible that it may not be anything new
with you. I would be thankful for any information you may
possess in reference to it.–Very respectfully, A.H. Ernst,
Spring Garden, Cincinnati, Ohio, Jan. 11th, 1853.”
“’The plant alluded to by Mr. Ernst is Cajànus bicolor
[sic], a native of East Indies, Amboyna, Japan, &c. Flower
small, interior yellow, vexillum purple; erect shrub;
pubescent; nearest in alliance to Lupinus. The seeds are
good to eat, and, when young, very delicate. On soaking the
round seeds for an hour, in moderately hot water, they take
exactly the form and appearance of the common white bean,
become quite tender, and have a pure and delicious nutty and
oily flavor. The whole plant, with the seed, is excellent for
fattening hogs and cattle.
“’There is one other species, Cajàanus flàvus, common

in South America and the West Indies, where it is sometimes
used for a fence to sugar plantations. In Jamaica this species
is much used for feeding pigeons, and is there called the
Pigeon-pea. In Martinique the seed is much esteemed for the
table.
“’Being a tropical plant, it would hardly stand our
winters. Yet, from the observations of Mr. Ernst, it is not
improbable that our climate might admit of an annual harvest
of the seed, which seems to be so abundantly produced as
to make an experiment highly interesting.–Most truly yours,
J.E. Teschemacher, Boston, 19th Jan., 1853.’”
Note: Mr. Teschemacher has confused the pigeon pea
with the soybean.
83. Lea, John. 1853. Japan pea (Letter to the editor). Western
Horticultural Review (Cincinnati, Ohio) 3(8):389. May.
• Summary: “Dr. Warder:–When I introduced the “Japan
Pea” to the Horticultural Society of this city, in November,
1851, I advised its being planted about a foot apart in the
row, and the rows about two feet apart. Your last number of
the Horticultural Review (for April) recommends planting
“four feet each way.” This makes a great waste of ground,
and the error should be corrected. Perhaps eighteen inches
apart in rows two or three feet apart, is the proper distance.
I did not recommend this pea “as a food for stock,” but for
domestic winter use [as food]. As a pea for summer use, it is
not suitable. It requires the full length of our season to ripen,
and flourishes under great heat and drought. This “pea,” so
called–in fact a bean–is self-supported by a remarkably hard,
wood-like stem, about three feet high. It is very productive.”
John Lea, April 20, 1853.
Note 1. This is the earliest document seen (July 2021)
indicating that the soybean is a drought-resistant plant; in
fact it “flourishes under great heat and drought.
Note 2. As far as we know, the Chinese never noted–
before 1853–that the soybean resists drought.
84. Jameson, Dr. 1853. Contributions to a history of the
relation between climate and vegetation in various parts
of the globe. 14. On the physical aspect of the Punjab–Its
agriculture and botany. J. of the Horticultural Society of
London 8:273-313. See p. 303.
• Summary: The subsection titled “Crops cultivated in
the Kangra Valley” begins: “In the Kangra valley and in
the Kohistan of the Punjab, we find the following crops.
The Khurreef crop, which is sown from February to April,
and reaped in October to December.” Twenty-three crops
are listed, with the local (Punjabi) name followed by the
scientific name. One of these is “Bhut (Soja hispida).”
Note 1. This valley and town are in Himachal Pradesh in
northwest India. Note 2. This is the earliest document seen
(May 2015) that gives Bhut as a vernacular or local name for
the soybean. Address: Superintendent of the Botanic Garden,
Saharunpore [Saharunpur, in today’s Uttar Pradesh].
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85. Peticolas, T.V. 1854. The Japan pea. Horticulturist, and
Journal of Rural Art and Taste 4(3):138. March 1. New
series.
• Summary: In the section titled “Editor’s table” (p. 132-52)
is a subsection on “Kitchen Garden” (p. 136-39). On page
138 we read: “The Japan pea–As this vegetable is beginning
to attract some attention among horticulturists, it may not
be amiss to make a few observations on its qualities as an
article of food and profit. Season before last, Mr. Lea, of
the Cincinnati Horticultural Society, presented the members
with one or two heads of this prolific Bean, or Pea, as it is
called. From fourteen seeds I raised nearly a quart of dry
Beans when hulled. That was in a rich border of leaf mold.
But they were planted too close together–only three inches
apart. Some had more than 200 pods on them, with two or
three seeds in each. This year I tried them in rather poor soil,
where Osage Orange plants grew the previous year, which,
according to my experience, impoverishes the soil very
much. I planted eight rows thirty yards long, the rows two
feet apart, and the Beans six inches apart in the rows. They
produced about half a bushel of dry seed, which would be
about sixteen bushels to the acre. In good ground, I have no
doubt they could be made to yield twenty bushels. So much
for profit.
“With respect to its qualities for the table, there is not
much to say in its favor. When green, it is so difficult to
divest it of the hull that it will be unpopular with cooks.
When dry, they are easily cleaned or shelled with a flail.
They require at least five hours boiling to make them tender
enough to eat, but I do not believe any amount of boiling
would cause them to burst. It will be necessary to cook some
other Bean with them, as they are entirely destitute of flavor.
They grow from two to three feet high, with stiff, branching
stems, and look beautiful in the garden. They stood last
season’s drouth [drought] remarkably well, not dropping a
single leaf until frost. If any of your readers would like to try
them, I shall be most happy to enclose them a few in letter, if
they will address me post-paid.”
Note: This is the earliest English-language document
seen (June 2009) that mentions green vegetable soybeans;
the writer notes that “this vegetable is beginning to attract
some attention among horticulturists,...” But he gives it a
low rating: “When green, it is so difficult to divest it of the
hull that it will be unpopular with cooks.” Unfortunately, he
hasn’t learned how easy it is to divest it of its hull. Address:
Mount Carmel, Clermont Co., Ohio.
86. Horticultural Review and Botanical Magazine
(Cincinnati, Ohio). 1854. U.S. Agricultural Society. 4(1112):571-72. Nov/Dec. New series.
• Summary: “The third annual session of this society was
held, on February 28th, 1845, in the Smithsonian Institution.
Twenty-six States were represented by accredited delegates

from the State and county societies, and a large number of
individual members of the Society was also present.”
“Dr. Warder distributed specimens of the Japan Pea
which was recommended as a valuable food for stock of
various kinds and especially adapted, as a fodder and grain
plant for the Southern States,...”
Note: Dr. Jno A. Warder of Cincinnati is one of the
editors of this periodical.
87. Ernst, A.H. 1854. The Japan pea. Report of the
Commissioner of Patents, Agriculture. p. 224-25. For the
year 1853.
• Summary: “The Japan Pea, in which so much interest has
been manifested in this country for a year or two past, from
its hardihood to resist drought and frost, together with its
enormous yield, appears to be highly worthy of the attention
of agriculturists.
“This plant is stated to be of Japan origin, having been
brought to San Francisco about three years since, and thence
into Illinois and Ohio. Its habit of growth is bushy, upright,
woody, and stiff, branching near the ground, and attaining a
height of three or four feet. The leaflets are large, resembling
those of an ordinary bean, occurring in sets of three, with
long quadrangular stems. The flowers, which are small and
white, but rather inconspicuous, sometimes having purple
centres, grow in thick clusters, nearly covering the principal
branches of the plant, are succeeded by downy pods, from an
inch to an inch and a half in length, each containing from one
to three compressed oval beans, when green, but unmarked,
and of a buff color, resembling peas when dry. The stalks
appear to be too woody for fodder in a dried state, though
they may be used as such, together with the large thick
leaves, when green. The excellency of the seed, at maturity,
when properly cooked, for winter food, both for man and
animals, has been fully tested, notwithstanding contradictory
statements have been made.
“This product will grow well on moderately fertile,
as well as on rich soils, and may be planted in the latitude
of Washington [probably D.C.], one seed in a place, at the
distance of three feet apart, from the last of April to the first
of July. It seems to be well adapted to plant, as an after-crop,
on land which has been cultivated with early potatoes or
peas, or to supply the vacancies in a corn-field caused by
birds or worms.”
Note 1. This is the earliest English-language document
seen (April 2003) that uses the term “habit of growth” (or
“growth habit”) in connection with soybeans. Note that the
habit of growth was described as “bushy, upright, woody,
and stiff,...” rather than viny.
Note 2. This is the earliest document seen (Nov. 2002)
that uses the term “bushy” to describe the soybean plant.
Note 3. This is the earliest English-language document
seen (July 2021) indicating that soybeans are a plants that
resists both drought and cold (frost). Address: Cincinnati,
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Hamilton County, Ohio.
88. Worthington, T. 1855. [Japan peas]. Letters and Reports
of the Agricultural Division of the Patent Office, 1839-60.
Vol. 7. p. 211-12. May 22.
• Summary: “I heard the other day in Cinti [Cincinnati?]
that your department had sent there for Japan peas. Enclosed
is a specimen of some raised of me last summer producing
50 bushels to the acre when corn [illegible word] them?
brought? but 10 bushels. I never knew any thing stand the
drowth [drought] so well and they are valuable for stock but
I have not been able to cook them so as to acceptable for
human food. They may be planted successfully till the 20th
of June...
“... I derived? & can forward at once four or five gallons
of Japan peas and will take in return such useful seeds for
this? latitude and season? as you may have yet on hand.
“... I should like to have samples of... the Soja [Foja?,
Foya?] bean of Japan.”
Note: The author apparently does not realize that the
Japan pea which he has is the same as the Soy bean of Japan,
which he is requesting. Question marks and blanks indicate
illegible handwritten text.
First cited by Graff 1949. Address: Logan, Hocking Co.,
Ohio.
89. Herndon, Jno. [John] B. 1855. To the editors of the
Louisville Bulletin: The Japan pea. Louisville Bulletin
(Kentucky). Nov. Letter dated 1 Nov. 1855.
• Summary: “Gentlemen: I obtained from the Commissioner
of Patents last spring two seeds of this fruitful vegetable
(reported to be a native of Japan), from the product of which
we raised this season one gallon of peas–or one thousand
pods, containing aggregately three thousand seeds. Its habit
of growth is bushy, upright, woody, and stiff, branching
near the ground, and attaining a height of three or four feet.
The leaflets are large, resembling those of an ordinary bean,
occurring in sets of three, with long, quadrangular stems. The
flowers, which are small and white, but rather inconspicuous,
sometimes having purple centers, grow in thick clusters,
nearly covering the principal branches of the plant, and are
succeeded by downy pods, from an inch to an inch and a
half in length, each containing from one to three compressed
oval beans, when green, but unmarked and of a buff color,
resembling peas when dry. The stalks appear to be too
woody for fodder in a dried state, though they may be used
as such, together with the large thick beans, when green. The
excellency of the seed at maturity, when properly cooked, for
winter food, both for man and animals, has been fully tested.
“This product may be planted in this latitude, one seed
in a place, at the distance of three feet apart, from the last of
April to the first of July.
“In short, taking this plant altogether, it is one of the
finest productions I ever saw; and I am satisfied, from its

hardihood to resist drought and frost, together with its
enormous yield, that it will prove a great acquisition to the
farmers of the Valley of the Mississippi.
“Jno B. Herndon, Mayslick, Ky., Nov. 1, 1855.”
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in Kentucky, or the cultivation of
soybeans in Kentucky. This document contains the earliest
date seen for soybeans in Kentucky, or the cultivation of
soybeans in Kentucky (spring 1855, at Mayslick).
Note 2. Talk with Heather Pritchard, Library Technician,
Periodicals and Microforms, William T. Young Library,
University of Kentucky at Lexington. 2004. Jan. 14. This is
a rare newspaper, published once daily except Sundays. The
official title printed on each issue is the Louisville Evening
Bulletin, but almost all letters to the editor are addressed
to the Louisville Bulletin. During the 1980s the Kentucky
Newspaper Project made every effort to locate as many
issues as possible; when they could find no more, in Dec.
1985, they created a microfilm of the surviving ones. About
half of all issues in 1855 have been lost. Each issue in 1855
consisted of 6 pages, of which 3 were advertisements, with
only a few letters to the editor in each issue. Today Heather
looked very carefully, twice, through every non-ad page
of every existing issue in November and December 1855,
paying special attention to the letters to the editor. The issues
for Nov. 1, 3, 6, 8, 13, 14, etc. are missing. She could not find
the original published letter. Fortunately Soyfoods Center
has a photocopy of the original that still exists at the National
Archives in a letter that Herndon wrote to the Agricultural
Div. of the Patent Office in 1856.
Location of that letter: Letters and Reports of the
Agricultural Division of the Patent Office, 1839-60. Vol. 10.
p. 779-80. Feb. 14, 1856. Address: Mayslick, Kentucky.
90. Miquel, Friedrich Anton Wilhelm. 1855. Flora van
Nederlandsch Indie (Flora Indiae Batavae) [Flora of the
Netherlands Indies. Vol. I, part 1]. Amsterdam and Utrecht:
C.G. van der Post. 1116 p. See p. 196-97 (Phaseolus species)
and p. 221-24 (Glycine and Soya species). [9 ref. Dut]
• Summary: Miquel’s Soya species include: 1. Soya hispida
Moench, 2. Soya Wightii Grah. (named Glycine javanica by
Linnaeus and Soya javanica by Grah.), 3. Soya angustifolia
Miq. 4. Soya hamata Miq.
Glycine species include: 1. Glycine labialis Linn., 2.
Glycine mollis Wight et Arn.
Note: This is the earliest document seen (July 2014) that
mentions Soya angustifolia.
According to Merrill (1917), Miquel (p. 197) named
a narrow-leafed form from Java Phaseolus radiatus. He
erroneously thought it was the soybean. Note: It may have
been the azuki bean.
Miquel was born on 24 Oct. 1811 at Neuenhaus,
Germany, and died on 23 Jan. 1871 at Utrecht, Netherlands.
A botanist, he was the son of a country physician. His
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two or three of the plants were broken down by accident; but
with all these things against me, I harvested about half a pint,
which will be distributed among farmers in this vicinity who
may be desirous to cultivate them. The plant in its growth
was not troubled with insects, and the downy covering of the
pods will prevent the fly or bug from inserting its ovipositor
into the green pea, and leaving there a rudimentary bug to
revel on the farmer’s toil and blast his hopes. The pea should
be planted at least two feet apart, about the time of cornplanting. That they can be successfully cultivated in Central
New York there is no doubt.” Address: Pompey, Onondaga
County, New York.

University studies and subsequent academic career took
place in the Netherlands. “Trained as a physician at the
University of Groningen, Miguel specialized in botany
and was director of the Rotterdam botanic garden (18351846), professor of botany at Amsterdam (1846-1859) and
at Utrecht (1859-1871), and director of the Rijksherbarium
at Leiden (1862-1871). His numerous (296 items in his
bibliography) botanical publications deal mainly with the
floras of the former Netherlands East Indies, Surinam, and
Japan... Miguel was also the founder of the University of
Utrecht herbarium.”
An illustration facing the title pages shows a portrait of
Georgius Everhardus Rumphius, blind and white-haired in
his old age, holding a branch on a table.
Also discusses: Psophocarpus tetragonolobus [winged
bean] (p. 181). Address: Hoogleeraar in de Plantenkunde te
Amsterdam.
91. Pratt, S.D. 1855. The Japan pea. Report of the
Commissioner of Patents, Agriculture. p. 194. For the year
1854.
• Summary: “The Japan peas sent to me last spring, eight
in number, were planted on the 3rd day of June. The ground
was made mellow with a hoe, and the peas were planted
about one foot apart, like garden beans. Six of them came up
within a week and presented a thrifty, vigorous appearance.
The season was the dryest [sic] within the recollection of our
oldest inhabitants; and when the garden plants were drooping
and wilting from excessive drought, they retained a fresh,
healthy appearance.
“These peas were planted so late that they did not
mature before the last of October, after several frosts, and

92. Mueller, Ferdinand. 1856. Definitions of rare and hitherto
undescribed Australian plants, chiefly collected within the
boundaries of the Colony of Victoria. Hooker’s J. of Botany
and Kew Garden Miscellany 8:33-46. See p. 41, 45.
• Summary: According to Bentham (1864, p. 245), this
document contains a description of Glycine sericea on
page 45, under the name Leptocyamus sericeus. A detailed
description of that plant in Latin is indeed given on that page
under “Leguminosae” (see p. 41). Address: Government
Botanist for the Colony of Victoria.
93. J.S. 1858. The Japan pea. Valley Farmer (The) 10:81-82.
March.
• Summary: “Messrs. Editors:–In the spring of 1856 a friend
gave me about a gill [½ cup or 118 ml] of seeds of this
plant.” The crop prospered in drought and 144 square yards
[0.0297 acres] produced 6 gallons [0.75 bushels] of peas,
equivalent to 25.3 bushels per acre. In 1857, an even worse
drought year, he planted 1575 square yards, which yielded
7.5 bushels, equivalent to 23.0 bushels per acre. “My opinion
of this pea is that it is a very valuable acquisition to our
agricultural products, principally on account of its capacity
to sustain itself through a protracted drouth... As there is
considerable diversity of opinion respecting the edible
qualities of the Japan pea, I will state that the whole of my
family, together with all persons (with one exception) who
have eaten at my table pronounce them superior to all other
pulse, and I apprehend that the reason why many persons
dislike them is on account of improper or imperfect cooking;
for they require to be cooked much longer than other pulse.
All kinds of graminiverous animals, and all kinds of fowl
eat them with avidity; but whether they possess fattening
qualities equal to corn or other cereals, has yet to be tried.”
First cited by Hymowitz. 1986. Bibliography of early,
previously uncited publications on soybeans in the United
States. 2 p. Unpublished.
Address: Pomona, St. Charles County, Missouri.
94. Lachaume, J. 1859. Avantages du Pois oléagineux de la
Chine [Advantages of “Chinese oil peas” (soybeans)]. Revue
Horticole: Journal d’Horticulture Pratique (Paris) 8(8):222-
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24. April 16. Series 4. [1 ref. Fre]
• Summary: In the Revue Horticole (16 Nov. 1857, p.
568) we have given information about the soybean (Pois
oléagineux de la Chine; Soja hispida, Moench) and about the
type of cultivation that suits it.
New experiments, conducted in 1858, have shown us
that this legume can be very well acclimatized in France.
Thus, on 18 April 1858, some seeds were sown in Vitry-surSeine, a locality whose soil is clay–calcium carbonate and
naturally cold... Until Aug. 1, the time when the plants had
attained 70 cm of height and were showing their first flowers,
the care of the plants was limited to hoeing and weeding.
The rest of the seeds were sown the same day in a nursery
on a flat-band exposed to noonday sun. On April 26, the
cotyledons came up; two weeks later, we replanted them in
lines with the same spacing as before, without watering them
and without the plants becoming fatigued.
On June 16, at a temperature of 30ºC, we planted a third
lot of these beans in a square.
The first beans sown on April 18 and those that were
replanted, bore the drought without any water other than that
which fell from the sky; they came to maturity around Oct.
15.
This success permits us to place in commerce, for
1859, the quantity of seeds that we have harvested, with the
requirement to keep some for the horticultural societies that
will ask for them.
The beautiful tests that M. Vilmorin did in Feb. 1858
to determine the quantity of oil contained in his seeds, will
encourage amateurs to introduce this new bean into their
gardens and farms. According M. Vilmorin, a first test
showed that the seeds contained 21.32% oil, and a second
21.16%.
Besides the advantage of yielding oil, these beans can
furnish an excellent cheese (fromage; [tofu]) that the Chinese
make by boiling and then crushing the seeds in a mortar. A
very white liquid [sic, curds] is produced that thickens if one
applies pressure to it. One next places the paste in molds,
adding salt in the French manner. The cheeses thus obtained
provide an important source of nourishment for the working
class.
There are numerous varieties of Soja hispida; we have
cultivated some of them experimentally.
To summarize, soybeans from China would be a good
acquisition from many points of view: 1. As an oilseed; 2.
As an edible plant, because the fresh seeds [edamamé] are
easy to cook and furnish a pleasant (agréable) food, such
as the samples from Sept. 1858 have proven; 3. As a forage
plant which can yield a large harvest, when one possesses a
sufficient quantity of seeds to operate on a large scale; 4. As
a plant whose seeds can be used to make cheese [fermented
tofu], a test that M. Vilmorin did not hesitate to make.
Address: Arboriculteur at Vitry-sur-Seine.

95. Maximowicz, Carl Joh. (Maksimovich, Karl Ivanovich).
1859. Primitiae florae Amurensis. Versuch einer Flora
des Amur-Landes [A first flora of the Amur River Basin].
St. Petersburg, Russia: Buchdruckerei der K. Akademie
der Wissenschaften. 504 p. See p. 87. 30 cm. (Aus den
Mémoires présentés a l’Académie Impériale des sciences
de St.-Petersbourg par divers savants, T. IX. besonders
abgedruckt.) [1 ref. Lat; Ger]

• Summary: The author, a Russian botanist, found
soybeans cultivated in the basin of the Amur River. The
6-page introduction to this book is written in German. The
information about each plant is often written in both German
and Latin, with the botanical description usually in Latin. A
large fold-out map at the back of the book shows the author’s
route of travel.
Under Ordo XXVIII. Leguminosae, we find (page
87): “(209) 27. Soja hispida Mch.–Bge. Enum. Chin. n.
118.–Hab. Kultiviert: am obern Amur bei Aicho, wo ganze
Felder damit besäet sind, 19 Juli 1856 (flor., v. Ditmar); am
Ussuri: Aua, in chinesischen Gärten, 10 Aug. 1855 (flor., fr.
immat.).”
This can be translated as follows: Soja hispida Moench.–
First mentioned by Alexander von Bunge, Enumeratio
plantarum, quas in China boreali collegit, anno 1831
[Listing of plants collected in northern China in 1831]
(1833). No. 118. Cultivated habitat: On the upper Amur
River near Aicho, where entire fields were planted with it, 19
July 1856 (flora of Carl von Ditmar); on the Ussuri River, it
was grown at Aua in Chinese gardens, on 10 Aug. 1855.
Note 1. The Amur River (called Hei-lung chiang or
Heilongjiang (pinyin) in Chinese) forms the boundary
between northern Manchuria (Heilongjiang province) and
two subdivisions of the Russian Soviet Federated Socialist
Republic (Kita Oblast and Khabarovsk Krai). It flows
generally to the southeast. The Ussuri River flows into it
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near Khabarovsk, then the Amur flows north northeast,
now entirely inside the USSR, into the Tartar Straight near
northern Sakhalin and the Sea of Okhotsk. Thus the soybeans
may have been growing in both the USSR and Manchuria.
The place names Aicho and Aua are not found in
Webster’s New Geographical Dictionary (1972/1988).
Nor are they found in Ritter’s German Geographical
Dictionary (1864), the Lippincott Gazetteer (1880), Stieler’s
German Atlas (1932), or the Board on Geographic Names
publications for China or the USSR. Haberlandt (1878,
p. 7) writes “Aua” as “Ana” and paraphrases this work as
follows: “Maximovicz mentions in his Primitiae flores, page
87, that they are cultivated on the upper Amur near Aicho,
where entire fields are covered [bedeckt] with them. Ditmar
found them in Ana on the Ussuri on 19 July 1856, in Chinese
gardens on 10 August 1855 in bloom [Blüthe].”
Note 2. In the book’s introduction, Maximowicz states:
“Finally Carl von Ditmar, the explorer of Kamchatka
(Kamtschatka; peninsula 750 miles long in northeast Russia,
between the Sea of Okhotsk and the Bering Sea), was
friendly enough to collect some plants on his very quick trip
on the Amur, upstream, early in July 1856. Among these
were found many blooming examples, which had been
observed only at their fruiting stage by other travelers.” The
abbreviation “(flor., fr. immat.),” which is used elsewhere in
the work, may mean: “flowers, fruits immature.”
Note 3. Carl / Karl Ditmar was born on 8 Sept. 1822
in Vandra, present-day Estonia. He died on 25 April 1892
(aged 69) at Tartu, Livonia, in today’s Estonia. He studied at
the University of Tartu in 1841-1847, where he befriended
Karl Maximovich and Leopold von Schrenck. In 1851
Ditmar undertook a voyage to the Kamchatka peninsula in
the Russian Far East which would last until 1854, and there
undertook important scientific investigations. In 1855-1856,
Ditmar also made a geographical survey trip in the area of
the river Amur. There he reported soybeans in 1855 and
1856 on the Ussuri, however he never published this report.
Rather, it seems, he communicated it to his longtime friend
Maximowicz, who first published it here.
Note 4. The title page states that this was reprinted from
the Mémoires présentés a l’Académie Impériale des sciences
de St.-Petersbourg par divers savants, vol. IX.
Note 5. The Ussuri River (named Wusuli in Chinese)
forms the boundary between the eastern part of Heilongjiang
province in Manchuria and the western part of Primorski
Krai, a territory in the far eastern part of Russian Soviet
Federated Socialist Republic [i.e. Russian Far East]. The 365
mile long river rises in the mountains at the extreme south
end of Primorski Krai and flows north to join the Amur River
near Khabarovsk.
Note 6. This is the 2nd earliest document seen (March
2021) concerning soybeans in Manchuria, or the cultivation
of soybeans in Manchuria. Note also the early references to
the soybean by Carl von Ditmar.

Note 7. This is the 2nd earliest document seen (March
2021) concerning soybeans in Russia, or the cultivation
of soybeans in Russia. This document contains the 2nd
earliest date seen for soybeans in Russia, or the cultivation
of soybeans in Russia (1859). Yet we cannot be sure that
soybeans were actually cultivated in Russia. Address:
Traveler and agent for the Imperial Botanical Gardens at St.
Petersburg.
96. Bentham, George. 1860. The flora of Tasmania. Gen.
XVIII. Leptocyamus, Benth. In: Joseph Dalton Hooker.
1844-1860. The Botany of the Antarctic Voyage of H.M.
Discovery Ships Erebus and Terror, in the Years 18391843. Flora Tasmaniae. Part III. Flora Tasmaniæ. Vol. I.
Dicotyledones. London: Lovell Reeve. See p. 102. t. 17.
[Eng; lat]
• Summary: Contains descriptions in Latin and English of:
(1) This genus, which is a genus of Australian plants closely
allied to Glycine (a large tropical genus), of which about
eight species are known, mainly natives of the east coast. (2)
Leptocyamus Tasmanicus (Benth.), which is distributed in
south-eastern Australia. The author has seen only specimen
of this plant. “It is very nearly allied to Leptocyamus
Latrobeanus (Zychia, Müller).” Note 1. This species was
later renamed Glycine latrobeana.
(3) Leptocyamus clandestinus (Benth). “Var. a.
clandestina... Glycine clandestina (Wendl.).” Note 2. The
species Leptocyamus clandestinus was later officially
renamed Glycine clandestina.
97. Mason, Francis. 1860. Burmah, its people and
productions, or notes on the nations, fauna, flora, and
minerals of Tenasserim, Pegu and Burmah... 2nd ed.
Rangoon, Burmah: Thos. Stowe Ranney; London: Trubner &
Co.; New York, NY: Phinney, Blakeman & Mason. 17 + 913
p. Indexes. 23 cm. First published in 1850 under the title The
Natural Productions of Burmah.
• Summary: The first edition of this book was published in
1850 under the title “The natural productions of Burmah...”
A closely related edition was published in 1852 under the
title “Tenasserim: or, Notes on the fauna, flora, minerals,
and nations of British Burmah and Pegu.” Note: As of 1972
Tenasserim is a division of southern Lower Burma.
The information on soya in this 1860 edition is basically
the same as that in the 1852 edition. Soja or soy is listed in
the comprehensive index only on p. 768. In the chapter on
Botany, which describes plants the author has observed in
Burmah, the soybean is not mentioned in the sections titled
“Vegetables” (p. 463-74, though various peas, beans, and
legumes are described on pages 466-468), “Cereals” (p.
474-477), “Medicinal plants” (p. 479-509, including many
seasonings, spices, and herbs), or “Plants pertaining to
economics” (p. 509-525).
Among the plants the author has read of but not
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observed personally, Soja hispida Monch [sic, Moench] is
listed briefly on p. 768; Glycine labialis is listed on p. 766.
Also discusses: Pea nut (ground nut, earth nut, Arachis
hypogea. Burmese: myæ-bai. p. 457, 769. “Ground nuts are
abundant in the bazars, and are consumed in large quantities
by the natives. The plant is raised very extensively by the
Red Karens”). Goa bean (Psophocarpus tetragonolobus.
Burmese: pai-myeet, pai-hsoung-wa. p. 466, 768; Chevaux
de Frize Bean, edible roots and young pods). Sedge root
(Cyperus, p. 473, 820; the roots, found among vegetables,
taste like filberts). Coix millet (Job’s tears, Coix lacrima,
Coix indica? Burmese: ka-le-thee. p. 476, 817; edible
seeds). Bhang (Cannabis sativa, p. 487-88, 775). Sesamum
(Sesamum indicum, p. 504, 793). Edible moss (a sea weed,
Fucus amylaceous, p. 507-09). Bead plants (Job’s tears
grown for seeds, Coix, p. 522-23). (Pueraria tuberosa, p.
766). (Amarantus oleraceus, p. 779).
In a chapter titled “Face of the Country” (p. 1-16)
the author discusses what later became the geographical
divisions of Burma: Pegu, Irrawaddy, Mergui [Magwe],
Tenasserim, Palouk, Tavoy, Maulmain, Sitang, Shwaygyeen,
Toungoo, Sagain [Sagaing], Rangoon, and Mandelay
[Mandalay, the new capital of Burmah in 1860]. He also
gives a detailed history of the country and its ethnic groups
(the Talaing, the Burman, the Karen, and the Shan), and
discusses demonology, Budhism [Buddhism], glossology
and philology [linguistics], mammals, birds, fish, reptiles,
insects, mollusks, crustaceans, annalids, radiates, plants, and
minerals. Francis Mason lived 1799-1874. Address: Rev.,
Toungoo [British Burmah].
98. Regel, Edward August von; Maack, R. 1861. Tentamen
florae ussuriensis, oder Versuch einer Flora des UssuriGebietes. Nach den von Herrn R. Maack gesammelten
Pflanzen bearbeitet von E. Regel [Essay on the flora of the
Ussuri River region. Compiled by E. Regel on the basis of
plants collected by Mr. R. Maack]. Memoires de l’Academie
Imperiale des Sciences de St.-Petersbourg. Series 7. 4(4):5051. June 7. Series 7. [Lat; Ger]
• Summary: Contains botanical descriptions of both Soja
hispida Mönch (p. 50) and Glycine ussuriensis Rgl. et
Maack (p. 50-51). This work first gave the name Glycine
ussuriensis to the wild soybean. The description of the wild
soybean begins with a detailed botanical description in
Latin followed by general observations and more botanical
description in German. The plant was observed on the
middle Ussuri on the Ima-Mündung, on the Sungatschi and
Kengka-See. In Northern China it was gathered in Tatarinoff.
It blooms in July. The authors admit that despite its unusual
characteristics, G. ussuriensis may be simply a different form
of Glycine soja Sieb. et Zucc., rather than a new species.
Note 1. Richard Otto Maack (1825-1886) was a Russian
naturalist, geographer, and anthropologist. He is most known
for his exploration of the Russian Far East and Siberia,

particularly the Ussuri and Amur River valleys. He wrote
some of the first scientific descriptions of the natural history
of remote Siberia and collected many biological specimens,
many of which were original type specimens of previously
unknown species. He was also a traveler with the Imperial
Russian Geographical Society.
Note 2. Regel (born August 13, 1815 in Gotha,
Thuringia, Germany, died April 15, 1892 in St. Petersburg,
Russia, at age 76) was a German horticulturalist and botanist.
He began his career at the Royal Garden Limonaia in Gotha
and then went as a volunteer to the botanical garden in
Göttingen. He later worked at gardens in Bonn and Berlin. In
1842 he moved to Switzerland to become the head of the Old
Botanical Garden, Zürich. During this time he also worked
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as a Professor of science. In 1852 he founded the magazine
Gartenflora (Garden Flora), in which he described many
new species. In 1855 he moved to St. Petersburg, Russia.
He ended his career serving as the Director of the Russian
Imperial Botanical Garden of St. Petersburg. As a result of
naturalists and explorers sending back biological collections,
Regel was able to describe and name many previously
unknown species from frontiers around the world.
99. Iinuma, Chôjun [Yokusai]. 1861. Sômoku zusetzu
[Sômoku zusetsu, or an iconography of plants indigenous to,
cultivated in, or introduced into Nippon (Japan). 20 vols.].
Japan. See vol. XIII, p. 18-21, 37, 126 (No. 17), 129 (No.
32). 27 cm. [Jap]
• Summary: This botanical contains 1,215 illustrations
(plates), in black and white. The author’s name is also
romanized as Ynouma Tsiodjoun, and the title as Sô mokou
Zoussetz. Each sheet of paper in this book is a leaf–folded
only once (called fukurotoji in Japanese). Both sides of each
folded sheet have the same leaf number.
In vol. XIII, the section on soybeans is on leaves 1720. There are illustrations on leaves 18-20. In the section
titled “beans” (mame, in katakana), is a section on soybeans
(O mame). In Japanese, the scientific name of the plant is
Dolichos soja (pronounced “Dorikosu soya” in Japanese);
it is also called Japansche Slingerboon (probably a Dutch
term, pronounced “Yappanse Suringeru-boon” in Japanese).
The description starts on the back (verso) of leaf 17 (=17b).
The soybean has 15 varieties, each based on the seed shape
and color. For each variety: At the top of the page, two
simple color illustrations (line drawings) show the shape,
color, and hilum size and location. Below that is the name,
usually written in katakana (phonetic), but with occasional
Chinese characters. Remember that mame means “bean” in
Japanese: Gogatsu-mame (5th month bean), Wase-mame,
Nakate-mame, Okute-mame, Maru-mame, Shiroteppomame, Kuro-mame (black soybean), Kuroteppo-mame,
Goishi-mame (Go = Chinese chess. Ishi refers to the “stones”
moved in that board game), Aomame (green soybean), Kagemame, Aka-mame (red soybean, with 4 additional forms and
colors), Chamame (brown soybean, with 2 additional forms
and colors), Kurokurakake-mame, Akakurakake-mame,
Fuiri-mame (uzura-mame–speckled).
Note 1. This is the earliest document seen (Oct. 2004)
that gives the names of various Japanese soybean types or
varieties such as Nakata-mame, Okute mame, etc.
Note 2. This is the earliest document seen (Oct. 2013)
that describes the color of numerous different soybeans.
Note 3. This is the earliest document seen (Oct. 2004)
that mentions red soybeans, or that uses the term Aka-mame
to refer to red soybeans.
Also in vol. XIII, on the back of leaf 36 is a description
of the wild soybean (tsuru-mame) followed on leaf 37 by an
illustration of the tsuru-mame plant, with flowers and seeds.

Vol. XIII stops at folio 55.
Franchet and Savatier (1875, p. 108) state: For the wild
soybean–Glycine soja (Sieb. et Zucc) see vol. 13, fol. 37?,
under Tsourou Mame. For the cultivated soybean–Glycine
hispida (Moench, Meth.) see vol. 13, fol. 18 and 21.
For the adzuki bean, Phaseolus radiatus, see vol. 13, fol.
30. Under: Tsourou adzou ki and Boundô, Ya enari.
For kudzu, Pueraria thunbergiana, vol. 13, fol. 26,
under Koutsou.
This book was cited by Maximowicz in 1873 (p. 398;
says “Soo bokf. XIII 18-21, 37”).
Mène (1885) says of this book: The soybean is shown
in vol. XIII, p. 126, No. 17, under the name O mame; in
No. 18 on the same page its name is given as Soja hispida,
var. lanceolata and Midzu-kugusi. As for the wild soybean,
Glycine Soja of Siebold and Zuccarini, it is classed under the
names Tsuru-mame and Nô-mame in vol. XIII, p. 129, No.
32.
Iinuma lived 1782-1865. Note that all editions of this
work were published posthumously.
Talk with E. Ito of the Japanese section of the Library of
Congress (LOC). 2004. Sept. 21. LOC has two copies of this
book. One is in the rare book cage of the Asian Division; it
is fragile and cannot be photocopied. This first edition was
published as follows: Vols. 1-5 in 1856. Vols. 6-15 in 1861.
Vols. 16-20 in 1862. Address: Japan.
100. Bentham, George; Hooker, Joseph Dalton. 1862-1867.
Genera plantarum: Ad exemplaria imprimis in Herbariis
Kewensibus servata definata. Voluminis primi [Genera of
plants: Defined according to the model first documented in
the Kew herbaria. Vol. 1]. London: Lovell Reeve & Co. xii +
1040 p. See p. 530. Index. 25 cm. Facsimile edition reprinted
in 1965 by Verlag von J. Cramer (Weinheim, Germany) with
an introduction by William T. Stearn. [Lat]
• Summary: In the chapter on Leguminosae, under
the Phaseoleæ tribe, section 196 concerns the genus
Glycine. Writing entirely in Latin, the authors discuss the
characteristics of the genus and note that 12 species grow in
Africa, Asia, and Australia. These include Glycine javanica,
G. labiali, G. soja, G. leptolobium, and G. bujacia. The
section on the soybean reads: “Soja, Savi, Mem. Phas. ii.
16; DC. [de Candolle] Prod. ii. 396, charactares omnes
Glycinis exhibet, nisi legumen latum falcatum; formae tamen
intermediae occurrunt in speciebus tam Mascarensibus quam
Australiensibus.–Jacq. Ic. Rar. t. 145 (Dolichos).”
Note 1. This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives of
soybeans, [Glycine soja]) in Australia; cultivated soybeans
have not yet been reported. Note 2. Bentham lived 18001884. Hooker lived 1817-1911.
Note 2. Also discusses the following genera: Lupinus
(lupins, p. 480). Arachis (peanuts, p. 518). Teramnus
(Glycine, p. 530). Pueraria (kudzu, p. 537). Phaseolus
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(common beans, p. 538). Vigna (p. 539). Voandzeia (p. 53940; Thouars, Gen. Nov. Madag. 23). Psophocarpus (winged
bean, p. 540). Dolichos (p. 540-41).
101. Bentham, George; Mueller, Ferdinand. 1864. Flora
Australiensis: A description of the plants of the Australian
Territory. Vol. II. London: Lovell Reeve & Co. 521 p. See p.
242-45. [5 ref. Eng]
• Summary: The authors made the first major additions to
the genus Glycine, all from Australia. They include only
the following 6 species in the genus Glycine: (1) Glycine
falcata, Benth. Found in Northern Australia by F. Mueller; in
Queensland by D’Orsay, and in South Australia by Bowman,
and Neilson.
(2) G. clandestina, Wendl. Bot. Beob. 54. [Wendland,
J.C. 1798. Botanische Beobachtungen... p. 54] Found in
Queensland by Robert Brown, and Dr. Leichhardt; in New
South Wales by R. Brown, C. Stuart, Dr. H. Beckler, and
F. Mueller; in Victoria by R. Brown, Adamson, and F.
Mueller; in Tasmania by R. Brown, and J.D. Hooker; in
South Australia by Dr. H. Behr, and F. Mueller; in Western
Australia by Maxwell, and James Drummond.
(3) G. latrobeana, Benth.; G. tabacina, Benth. Found in
Victoria by Latrobe, Adamson, and F. Mueller; in Tasmania
by J.D. Hooker; in South Australia by F. Mueller.
(4) G. tabacina Benth. Found in Queensland (at Bustard
Bay) by Banks and Solander; in New South Wales by R.
Brown, A. Cunningham, C. Stuart, and Beckler; in Victoria
by Robertson, and F. Mueller; in South Australia by F.
Mueller; in Western Australia by Mr. Augustus Oldfield.
“The species is also in New Caledonia, the Feejee [Fiji], and
other islands of the South Pacific.
(5) G. sericea, Benth. Found in New South Wales by J.
Dallachy, and Wheeler; in Victoria by F. Mueller.
(6) G. tomentosa, Benth. Found in Northern Australia
by F. Mueller, and R. Brown; in Queensland by Banks and
Solander, R. Brown, McGillivray, and F. Mueller; in New
South Wales by Neilson. “We have the same species from the
Philippine Islands and from S. China.”
Note 1. Hermann (1962) states: “It was not until 1864
that the first major addition to the genus was made. This
was by Bentham, who treated the genus in Australia as
comprising six species, all of them still valid although two
of his names (Glycine sericea and G. tomentosa) must be
dropped as being later homonyms... Bentham’s Glycine
falcata of 1864 was the last of the true Glycine species to be
described.”
Note 2. This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives of
soybeans) in Fiji; cultivated soybeans have not yet been
reported in this country.
Note 3. This is volume 2 of a 4-volume set, which
contains no formal bibliography. Most of the citations refer
to herbarium collections, which are described by Bentham in

the preface to volume 1 (1863). The chief foundation of this
work is “the vast herbarium of Sir William J. Hooker, with a
few smaller collections under his charge at Kew.” It contains
rich stores of Australian plants. The Australian herbarium
of the late Robert Brown is an “extraordinary collection, the
main foundation of our knowledge of Australian vegetation.”
These specimens are now the property of Mr. J.J. Bennett,
Head of the Botanical Department of the British Museum.
The Banksian herbarium collected by Banks and Solander
[who sailed with captain James Cook] about 90 years ago,
is also at the Botanical Department of the British Museum.
Rich herbaria were collected at the public expense by the late
A. Cunningham in his various expeditions. This collection is
“second only to R. Brown’s in the influence it has had, by its
variety and extent, on our knowledge of Australian botany.”
Address: 1. F.R.S., P.L.S.; 2. M.D., F.R.S., L.S., Government
botanist, Melbourne, Victoria, Australia.
102. Cleghorn, H. (Probably: Hugh Francis Clarke). 1864.
Report upon the forests of the Punjab and the western
Himalaya. India: Roorkee. Printed at the Thomason Civil
Engineering College. iv + ii + 250 p. + xxvii. See p. 66. [2
ref]
• Summary: The author, recently appointed Officiating
Conservator of Forests, Punjab, was surveying and
describing the forests of the Western Himalaya, along the
Sutlej River and the interior hills of Bussahir, where the most
valuable timber (including magnificent stands of deodar
trees) grows. In the chapter titled “Notes on the Vegetation of
the Sutlej Valley,” he gives a table listing the principal plants
of the valley, with native names and approximate elevation.
Under “Pulses” (p. 66) he lists the “Soy bean,” whose hill
name is “Bhut” and whose botanical name is Soja hispida.
It was found growing at 6,000 feet in Bussahir. Under
“Remarks” he writes: “I also saw one patch of this kind of
pulse.” Note the unusually high altitude.
A large map shows the area covered by the author’s
survey, including the Sutlej River and Bussahir. It appears to
be located at approximately 31º 30’ north latitude and 78º 10’
east longitude.
Note: As of 1988, Bussahir, also known as Bashahr, is
a former Indian state, now part of Punjab in northern India.
However the latitude and longitude given above place the
spot in Himachal Pradesh, northern India.
David Hooper (1911) wrote: “At the Punjab Exhibition
held at Lahore in 1864 Soy beans identified by Dr. Cleghorn,
were sent from the Hill States.” Address: M.D., Conservator
of Forests, on special duty.
103. Bentham, George. 1865. On the Genera Sweetia,
Sprengel, and Glycine, Linn., simultaneously published
under the name of Leptolobium. J. of the Linnean Society of
London, Botany 8:259-67. See p. 266-67. “Read November
3, 1864.” [Eng]
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• Summary: The author proposes a limitation of the genus
Glycine. In the section Leptolobium he would include six
species described in his “Flora Australiensis.” Besides these,
the genus would include five others: In the section Soja: 1.
Glycine Soja, Sieb. et Zucc. “Cultivated; and spontaneous
on the margins of fields and cultivated places over a great
part of tropical Asia.” 2. G. Hedysaroides, Willd. 3. G.
Pentaphylla, Dalz. 4. G. Lyallii, Benth.
In the section Johnia: Glycine Javanica, Linn. “Habitat.
Eastern Africa from Natal [South Africa] to Abyssinia
[Ethiopia], Ceylon, and the Indian peninsula, including the
specimens from Nilgherri, Hohenacker, n. 1594, distributed
by some mistake on my authority under the name of Shuteria
vestita.
“Johnia Petitiana, A. Rich. Fl. Abyss. 1. 210, t. 40, Soja
angustifolia, Miquel. Fl. Bat. 1. part 1. 223, and Soja hamata,
Miquel loc cit 224, are unknown to me.” Address: P.L.S.
104. Lindley, John; Moore, Thomas. eds. 1866. The treasury
of botany: A popular dictionary of the vegetable kingdom;
with which is incorporated a glossary of botanical terms. 2
vols. (Parts I and II). London: Longmans, Green, and Co. xx
+ 1254 p. See Part I. p. 131, 536-37, 747. Part II. p. 1068,
1075. Illust. 17 cm.
• Summary: Bean (Part I, p. 131) “Sahuea bean, Soja
hispida.
Glycine (Part I, p. 536-37) “A small genus of
Leguminosae, all, excepting one, being slender decumbent
[reclining along the ground, but with ascending apex or
extremity] or twining herbs, with alternate stalked leaves
made up of three to seven leaflets varying much in form,
and bearing axillary racemes or fascicles of small yellow
or violet pea-flowers. The genus belongs to the tribe
Phaseoleae, and is most nearly allied to Teramnus, from
which it is distinguished by its pods being destitute of the
hardened hooked style seen in the latter, and by the ten
stamens, which are united into a tube, being all, instead
of the alternate ones only, anther-bearing. The species are
pretty equally distributed through tropical Asia, Africa, and
Australia, where a few inhabit extratropical regions.
“The Sooja of the Japanese, G. Soja, the only erect
species of the genus, a dwarf annual hairy plant, a good deal
like the common dwarf kidney or French bean (Phaseolus
vulgaris), has small violet or yellow flowers, borne in short
axillary racemes, and succeeded by oblong two to fiveseeded hairy pods.
“The seeds, like kidney beans in form but smaller,
are called Miso [sic, error based on Miller 1807] by the
Japanese and are made into a sauce which they call Sooja
or Soy. The manner of making it is said to be by boiling the
beans with equal quantities of barley or wheat, and leaving
it for three months to ferment, after which salt and water is
added, and the liquid strained. The sauce is used by them in
many of their dishes, and they use the beans in soups. The

Chinese cook the beans also in various ways, and the plant is
cultivated for the sake of them in various parts of India and
its Archipelago.
“Mr. Bentham groups the species in three sections,
which some regard as genera: Soja, with flowers fascicled
on the racemes, and falcate pods with depressions but not
transverse lines between the seeds; Johnia, with flowers
similarly arranged, and straight pods with transverse lines
between the seeds; and Leptocyanus, with solitary flowers on
the racemes, and straight pods. The Glycine or Wistaria of
gardens is now referred to Millettia.
Miso (Part II, p. 747). “A fatty substance obtained from
Soja hispida.
Soja (or Soya) hispida (Part II, p. 1068) is the only
representative of a genus of Leguminosae of the tribe
Papilionaceae, and much cultivated in tropical Asia on
account of its beans, which are used for preparing a wellknown brown and slightly salt sauce (Soy), used both in Asia
and Europe for flavouring certain dishes, especially beef, and
supposed to favour digestion. Of late it has been cultivated as
an oil-plant. S. hispida is an erect hairy herb, with trifoliate
leaves, and axillary racemose flowers, which have a five-cleft
calyx, a papilionaceous corolla, ten diadelphous stamens,
and an oblong pod which contains from two to five ovate
compressed seeds. Modern botanists generally refer the plant
to Glycine: which see.”
Soy (Part II, p. 1075) “A sauce originally prepared in the
East, and said to be produced from the beans of Soja hispida.
Note 1. This is the earliest document seen (April 2003)
in which the soybean is classified under Papilionaceae.
Note 2. This is the earliest English-language document
seen (April 2003) that uses the term “oil-plant” to describe
the soybean.
Also discusses (in alphabetical order): Agar-agar.
Alfalfa. Algæ. Almond. Amande de terre (French, Cyperus
esculentus). Amaranthus. Arachis [peanuts]. Aspergillus.
Bean, under-ground kidney = Arachis hypogaea. Cannabis.
Chenopodium [Common Goosefoot]. Coix [lachryma, Job’s
tears]. Cyperus. Earth-nut (Arachis hypogæa). Flax. Gingelly
oil. Hemp.
Part II: Job’s tears. Legume. Leguminosæ. Linseed.
Linum. Lupinus (incl. Lupinus albus, L. luteus). Nut,
bambarra ground (The seed of Voandzeia subterranea, p.
795). Nut, earth (Arachis hypogæa). Oil (incl. sesamum).
Oilcake (“The residuum after expressing the oil of various
seeds, especially linseed and rape, which is used for
cattle feeding, and as a manure”). Oil-plant (Sesamum
orientale). Pindals, pindars. Psophocarpus. Pueraria. Quinoa
(Chenopodium Quinoa). Sea-girdles (Laminaria digitata).
Sea-hangers. Sea-wand (Laminaria digitata). Seaware.
Seaweeds. Seawrack. Seawracks. Sesame. Sesamum.
Tetragonolobus.
“Voandzeia. So called from Voandzou, the name
given by the natives of Madagascar to the only known
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representative of this genus of Leguminosæ, the V.
subterranea of botanists, a creeping annual, with longstalked leaves composed of three leaflets... It is a native of
Africa, and is extensively cultivated in many parts of that
continent, from Bambarra and the coast of Guinea to Natal
[in today’s South Africa], its esculent pods and seeds forming
common articles of food among the inhabitants of those
regions. Although the plant is not indigenous to the Western
Hemisphere, it is commonly found in many parts of South
America, such as Brazil and Surinam, whither it has been
carried by the negro slaves and has now become naturalised.
The pods are sometimes called Bambarra Ground-nuts; in
Natal the natives call them Igiuhiuba; while in Brazil they
are known by the name of Mandubi d’Angola (showing their
African origin), and in Surinam by that of Gobbe.
“Voandzou. The Malagassy name of a genus of
Leguminosae, called after it Voandzeia” (p. 1224).
Note 3. This is the earliest English-language document
seen (Sept. 2016) that contains the word “oilcake” (or
“oilcakes”), used to refer to the defatted cake of any type
of oilseed. However there is no indication here that it refers
to soybeans. Address: 1. Ph.D., F.R.S., F.L.S., Botanic
Garden, Chelsea. Late emeritus Prof. of Botany in University
College, London; 2. F.L.S., Curator of the Chelsea Botanic
Garden.
105. Miquel, Frederich Anton Wilhelm. 1867. Prolusio florae
Iaponicae [Essay on the flora of Japan]. Annales Musei
Botanici Lugduno-Batavi (Leiden) 3:52-53, 99. [5 ref. Lat]
• Summary: Under Glycine Linn. (p. 52) the author lists one
species: “1. Glycine soja Sieb et Zucc. Abh. l.c. IV. 2, p. 119.
A Soja angustifolia Miq. Fl. Ind. bat. I. 1, p. 223... Siebold
legit; “sponte crescentum”; in vallibus m. Kawara Jama ins.
Kiusiu legit Pierot, propre Nangasaki [Nagasaki] Oldham n.
368.
Under Soja Moench (p. 52-53) the author lists one
species with 3-4 varieties: “1. Soja hispida Moench., Sieb
et Zucc. l.c.p. 119. Maxim. Prim. p. 87. Dolichos Soja Linn.
Soja iaponica Savi.”
Variat sub cultura vario mondo, v.c. seminum colore
quae autem sub germinatione omina plantulas similes
proferunt, teste Sieboldo. Spontanea etam provenit, foliolis
latioribus, medio basi leviter attenuato–In regione littorea
prope Oko Mura ins. Kiusiu et in fruticetis prope urbem
Kokura legit Pierot; aliis locis cultam legerunt Siebold et
Buerger [Bürger], prope Nangasaki [Nagasaki] Oldham n.
360.
[Translation: Pierot collected it in the coastal regions
on the island of Kyushu near Oko Mura {or Okumura; mura
= village} and in the shrubbery near the city of Kokura {in
northern Kyushu, Japan}; Siebold and Buerger collected
it in other places where it was cultivated / grown, and
{Richard} Oldham (specimen No. 360) collected it near
Nagasaki {located on the far western tip of central Kyushu,

near Deshima / Dejima, where Siebold and Buerger usually
resided}].
- Kuro mame [Black soybean], No mame [wild
soybean], Kuzu, Kokura iap.
var. praecox Sieb. [Siebold], humilior, non vel vix
volubilis, densius rufo-hirta, foliolis satis variantibus.–Culta.
var. obtusa Miq. [Miquel] humilis stricta robusta dense
hispida, foliolis late ovalibus utrinque obtusissimus.–
Spontaneam legit Pierot ad radicem m. San Saka Toge
ins. Kiusiu [island of Kyushu].–Jama [Yama] daisu iap.
[Mountain soybean of Japan].
var lanceolata Miq., elatior, minus hispida, foliis
longe petiolatis, foliolo terminali sublanceolato, lateralibus
semilanceatis, mucronatis. In regione littorea prope oppidum
Oko Mura ins. Kiusiu [island of Kyushu] detexit Pierot–
Kuzu iap.
Observ. Cl. Bentham (Journ. Linn. Soc. VIII, p. 269)
hanc sp. et superiorem coniunxit; nostrae autem plane
diversae, a b. Zuccarinio determinate.
Other non-soy genera: Under Pueraria DC (p. 52) he
lists Pueraria Thunbergiana Benth. Journ. Proceed. Linn.
Soc. IX. p. 122.–Pachyrrhizus Thunbergianus Sieb. et Zucc.
Abh. l. c. IV. 3, p. 237. Neustanthus chinensis Benth. Hongk.
p. 86. Dolichos hirsutus Thunb. in Linn. Transact. II. p. 339...
Under Phaseolus (p. 52) Linn. he lists Phaseolus
radiatus Linn., Miq. Fl. Ind. bat. I. p. 197. Ph. Mungo
(Linn.) Sieb et Zucc. Abh. l. c. IV. 2, p. 118. Cum pluribus ut
veditur varietatibus cultus. Assuki iap. [Japanese adzuki] and
Phaseolus nanus Linn.
Under Deutzia Thunb. (p. 99) he lists 3 species: crenata,
scabra, and gracilis.
Note 1. How Miquel compiled this book (according
to Bretschneider 1882): In 1830 the Japanese government
forced Siebold to leave Japan, saying that he had a map of
the island, which was illegal. “Siebold had forwarded one
portion of his vast botanical collections accumulated in Japan
to Prof. C.L. Blume in Java, who described some of these
plants in the Museum botanicum Lugduno-Batavorum, 184951... The greater part of his dried plants, however, had been
transmitted by Siebold to the Museum of Leyden, and from
these materials Prof. Miquel compiled his Prolusio Florae
japonicae [Prolusio florae Iaponicae], 1865-67.”
Note 2. This is the earliest document see (May 2002)
concerning Heinrich Bürger.
Note 3. Richard Oldham (1837-1864) collected plants
for the Kew gardens (England) in Eastern Asia in 1861.
The Oldham numbers, 360 and 368, refer to the numbers of
the specimens in his collection–which is now at the British
Museum of Natural History, Kew.
Note 4. Also reprinted: Amstelodami (Amsterdam):
Printed by C.G. van der Post. viii + 392 p. See p. 240. 2
plates. 45 cm. Address: Prof. of Botany, Director of the
Rijksherbarium in Leiden, Netherlands.
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106. Martens, Georg Matithias von. 1869. Die Gartenbohnen.
Ihre Verbreitung, Cultur und Benuetzung. Zweite vermehrte
Ausgabe [Garden beans. Their distribution, culture, and
utilization. 2nd expanded edition]. Ravensburg, Germany:
Druck und Verlag von Eugen Ulmer. 106 p. See p. 103-05.
With 12 color plates. 28 cm. [94* ref. Ger]
• Summary: The author discusses the soybean under the
name Soja hispida Moench, gives a botanical description of
the species, then and gives a classification of 13 varieties that
he had secured from various sources, of which he apparently
grew but one. He grew that one by his window in Stuttgart,
having obtained it from the village of Daguiga, near the city
of Aigun [or Ai-hun, in northeast Heilungkiang province] on
the Amur River. He planted the seeds on May 23 and they
were ripe by Sept. 24. He describes their area of distribution
in East Asia, from the 50th north latitude in Siberia down
to the Moluccas near the equator, but notes that their center
of cultivation is Japan, where they are made into a type of
butter named Miso, and a famous sauce named Soja that
stimulates the appetite (eine Art Butter, Miso genannt, und
eine berühmte, den Appetit reizende Sauce, die Soja,...).
The name of this sauce was applied by Linnaeus to the
plant that provides it, from which is prepared two so-called
“delicacies” for gourmands which [are] prepared with the
assistance of fermentation and are reminiscent of the garum
from the period of the ancient Roman Empire, and the
latter of which has also found its way into Europe through
the English; the Chinese soy is supposed to be even better,
while in China, the obtaining of oil from the soybeans takes
the place of miso. The lengthy process with the production
of both of them can be found put together in Carl Bryant’s
Verzeichniss der zur Nahrung dienenden Pflanzen, deutsche
Uebersetzung mit Zusätzen [Charles Bryant, Flora diaetetica,
or, History of esculent plants, German translation with
supplements], Leipzig: 1785, volume 8, I, pp. 479-481.
Wichura [probably Max E. Wichura, 1817-1866, a
German botanist] got an original Japanese dish in Jeddo
[Edo, today’s Tokyo], a puree of yellow flower petals of
winter aster, Pyrethrum indicum Cassini, with soy sauce.
In China, these beans are also boiled into a white, thick
porridge, teu hu [tofu], one of the most common foods there.
Since the soybean reaches maturity as far north as
Berlin, 53º N. latitude, with the necessary care, during
the Continental System blockade [first, of the British, by
Napoleon, based on his 1806 Berlin Decree and 1807 Milan
Decree; then in 1807 the British retaliated with their own
sort of blockade], which is still an infamous memory, in
the lands that at that time were part of the French empire,
the soybean was recommended and cultivated for a while
in the countries of the French empire as a coffee substitute
(als Kaffeesurrogat). Later the milk vetch (Kaffeewicke;
Astragalus baeticus L.), the chufa or earth almond
(Erdmandel; Cyperus esculentus L.), and other coffee
substitutes which, taken all together, have long ago lapsed

into oblivion, the only exception being the chicories. The
parchment-like pods are not eaten; as with green beans, they
elastically pop open as a result of the spiral turning of the
two halves and pop the beans out. They sit like lablab beans
in the pods with their small numbers, which are commonly
reduced even further if things go amiss, so far from each
other that they never touch each other and therefore are never
cut off or crushed at their ends. They have a dull greasy shine
and a small eye that is not indented and is of the same color,
through which they are most certainly differentiated from
other genera of beans.
Martens divides the species into 3 subspecies based on
the form of the seed, under which the varieties are named
according the color and size of the seed. In this, he creates an
entirely new system for classifying and naming soybeans.
I. Soja elliptica Martens. Seeds oval. 1. S. elliptica
nigra. Seeds black and elongated; obtained through his son
from Shanghai and Paris. 2. S. elliptica castanea. Seeds
brown and elongated; obtained from Chefoo (China), Venice
(Italy), and Berlin. 3. S. elliptica virescens. Seeds greenish
yellow and elongated; obtained from Shanghai and Paris.
4. S. elliptica lutescens. Seeds yellow; brought by Mr.
Schottmueller from Chefoo as “true Chinese oilbeans.”
II. Soja sphaerica. Seeds globose/spherical. 5.
S. sphaerica nigra. Seeds black, large; obtained from
Yokohama and Nagasaki, Japan. 6. S. sphaerica minor.
Seeds black, small; obtained from Japan and Sumatra. 7.
S. sphaerica virescens. Seeds greenish; obtained through
his son from Yokohama as “Ao mame” and from Shanghai.
8. S. sphaerica lutescens. (The Soja pallida of Roxburgh).
Seeds pea-colored to pea-yellow, large; obtained from Dr.
Schuebler in Oslo (Christiana), Norway, as “New Japan
peas,” under which name they have been recommended and
popularized in the United States. 9. S. sphaerica minima.
Seeds yellow, small; obtained through his son as “Shiro
mame” from Yokohama.
III. Soja compressa. Seeds compressed. 10. S. compressa
nigra. Seeds black and flat, the largest of all soybeans;
obtained as “Kuro Mame” from Yokohama. 11. S. compressa
parvula. Seeds black, small; obtained via Schotmueller from
Chefoo. 12. S. compressa virescens. Seeds greenish; obtained
from Chefoo and from Berlin as Soja ochroleuca Bouché.
13. S. compressa zebrina. Seeds brown banded with black
like a zebra; obtained from the Berlin Botanic Garden.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. This is the 2nd earliest document seen (Nov.
2012) which states clearly that soybeans have been (or can
be) used as a coffee substitute (als Kaffeesurrogat). It is also
the earliest German-language document seen (Nov. 2012)
that mentions soy coffee.
Note 3. This is the earliest German-language document
seen (April 2013) that mentions tofu, which it calls Teu hu.
Note 4. This is the earliest German-language document
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seen (April 2012) that uses the term die Soja to refer to soy
sauce.
Note 5. This is the earliest document seen (Aug. 1999)
that divides the species into 3 subspecies based on the form
of the seed, under which the varieties are named according
the color and size of the seed. Martens is the first to use a
number of such terms in connection with the soybean, such
as “nigra” “castanea,” “virescens,” “lutescens,” “elliptica,”
“Soja elliptica,” “Soja pallida,” etc.
Note 6. This is the earliest document seen (Feb. 2007)
that uses the word “nigra” to refer to black soybeans.
Note 7. Also discusses Psophocarpus tetragonolobus
Dec. (p. 101). Address: Doctor der Naturwissenschaften,
Germany.
107. Stewart, John Lindsay. 1869. Punjab plants, comprising
botanical and vernacular names, and uses of most of the
trees, shrubs, and herbs of economic value, growing within
the province. Lahore: Government Press. xiv + 106 p. See p.
76. Index. 24 cm.
• Summary: In the chapter on “Leguminosæ” we read (p.
76): “Soja hispida. W. and A. [Wight and Arnott]. Vernacular.
bhut. A patch of this pulse was seen by Cleghorn at 6,000
feet in Bissahir” [sic, Bussahir].
Note 1. See H. Cleghorn 1864, p. 66. Note 2. As of
1988, Bissahir, later known as Bashahr or Bussahir, is a
former Indian state, now part of Punjab in northern India.
However the latitude and longitude given by Cleghorn would
seem to place the spot in Himachal Pradesh, northern India.
Also discusses: Arachis hypogæa (Peanuts, p. 57).
Lucerne (p. 71). Pueraria tuberosa (p. 75). Almonds (p. 7778). Sesame seeds (til, p. 149). Hemp (p. 215-16). Laminaria
(seaweed, p. 269). Address: Conservator of Forests, Punjab,
India.
108. Bretschneider, Emil V. 1870. The study and value of
Chinese botanical works. Chinese Recorder and Missionary
Journal (Foochow) 3(6):157-63. Nov. Published as a 51 page
book in Foochow in 1871. [15 ref]
• Summary: This article begins: “The object of the following
pages is to show in what manner the Chinese treat natural
science and especially botany, and what advantage can
be drawn by European savants from the study of Chinese
botanical works. As the principal works of the Chinese on
Natural History have properly a medical bearing, I shall in
criticising those works, occasionally make a few remarks
also on Chinese therapeutics. Finally, I intend to give some
characteristic specimens of Chinese descriptions of plants
and add also a few Chinese woodcuts.
“The Chinese knowledge of plants is as old as their
medicine and agriculture and dates from remote antiquity.
In ancient Greece the first botanists were the gatherers of
medicinal plants... There is a tradition among the Chinese,
that the Emperor Shên-nung, who reigned 2700 B.C., is the

Father of Agriculture and Medicine. He sowed first the five
kinds of corns [five grains] and put together the first treatise
on medicinal plants in a work known as Shên-nung pênts’ao-king (Cc–Chinese characters given), Classical herbal
of Shên-nung (generally quoted by Chinese authors under
the name pên-king), which became the foundation of all the
later works on the same subject. This is a small work of 3
chapters, and enumerates according to the Pên-ts’ao in all,
347 medicines. 239 of them are plants, for the most part wild
growing plants, but only a few are cultivated ones. It follows
from the accounts given by Li-shi-chen of this work (Preface
of the Pên-ts’ao kang-mu–Cc) that at first it existed only in
verbal tradition. It is not known at what time the Shên-nung
pên-ts’ao was first written down but there can be no doubt
that it is one of the most ancient documents of Chinese
materia medica. Note: This is the earliest document seen
(June 2013) that gives the date “2700 B.C.” in connection
with Shennong.
“According to the natural system of Li-shi-chên the
plants are arranged under five divisions or pu (Cc). These are
still further divided into families or lei (Cc) which comprise
the species or chung.”
The second division is “grains” (p. 160), which has
three families: (1) Hemp, barley, wheat, buckwheat,
sesam [sesame], rice.–9 species. (2) Millet, sorgho, maize,
opium poppy, coix lachryma [Job’s tears].–17 species.
(3) Leguminous plants (Shu-tou): “Sojabean, Dolichos,
Phaseolus, Vicia Faba, Pisum sativum, Lablab.–13 species.”
“The Pên-ts’ao describes in all 1195 plants. Dr. [Samuel
Wells] Williams (Middle Kingdom) counts only 1094 plants.
But he over-looked the numerous additions which are not
mentioned in the index” (p. 161). The “radical tou (Cc) is
conserved to the leguminous plants and pulse” (p. 161).
“Arachis hypogaea, Ground nut is called Lo-hua-shêng (Cc;
the blossoms fall down and grow)...”
Note: This is the earliest English-language document
seen (Sept. 2006) that uses the word “Sojabean” (or
“Sojabeans”–written as one word) to refer to the soybean.
Address: Esq., M.D., China.
109. Bretschneider, Emil V. 1870. The study and value of
Chinese botanical works. Chinese Recorder and Missionary
Journal (Foochow) 3(7):172-78. Dec. Published as a 51 page
book in Foochow in 1871. [15 ref]
• Summary: Note: Chinese characters (Cc) are given for
almost all Chinese / italicized words.
Page 173: “Ssu-ma-ts’ien [Sima Qian; Wade-Giles
Ssu-ma Ch’ien, lived c. 145–c. 185 BCE], the Herodotus
of China, in his historical work Shi-ki [Shiji; Shih-chi,
“Historical Memoirs”], written in the second century B.C.,
states that the Emperor Shen-nung [Shennong] 2700 B.C.
sowed the five kinds of corn [grain]. Cf. Shi-ki Chap I. In
later times the Chinese commentators agreed that here the
following corns were meant:”
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1. Shu Panicum millet (Panicum miliaceum L.). 2. Tsi
[Chi] Foxtail / Setaria millet (Setaria italica Beauv.). 3. Shu
Soja-bean (Glycine hispida). 4. Mai Wheat. 5. Tao Rice.
In the section titled Shu (p. 175), the author discusses the
soja-bean at length, with the use of Chinese characters: “Shu.
This name occurs in the Shi-king and in the Ch’un-ts’iu (v.s.)
and was related in ancient times probably to the Soja-bean
(Soja Glycine) hispida. The Kuang-ya (4th century) says that
the Shu and the (2 Cc) Ta-tou (great bean) are the same. The
Pen-ts’ao (XXIV I and 8) states that there are several kinds
of Ta-tou, a black, a white, and a yellow (so named after the
colour of the seeds) and that from these beans (1 Cc) Tsiang
(Soja [chiang]), (2 Cc) Tou-fu (Bean-curd) and (2 Cc) Tou-yu
(Bean-oil) are made. The drawing for Ta-tou in the Ch. W.I.
[Chi wu ming shi t’u k’ao, a Chinese botany illustrated by
woodcuts] represents the Soja hispida.*”
Footnote: *”At Peking two kinds of Ta-tou are
cultivated, the (3 Cc) Huang-ta-tou (great yellow bean) and
the (3 Cc) Hei-ta-tou (black great bean). The name great
bean refers not to the seeds but to the whole plant, the Soja
bean being an erect herb 3 to 4 feet high. The Huang-ta-tou,
called also (2 Cc) Mao-tou (hairy bean) is the true Soja bean,
an erect hairy plant with trifoliate leaves, little axillare [sic]
flowers, pendulous pods, and white yellowish seeds of the
size of a great pea, but a little oblong. This is the ‘Phaseolus
japonicus erectus, siliquis Lupini, fructu pisi majoris candito’
described in Kaempfer Amoen. exot., the Dolichos Soja of
Thunberg.”
“The Hei-ta-tou, which resembles much the Soja bean,
is also covered with red hairs the seeds are the same size as

the Huang-tou but black. I think it is a variety of the Soja
bean. Both the yellow and the black bean are used for the
same purpose at Peking for making Soja, and Bean-curd.
Bean curd is one of the most important articles of food in
China. It is prepared by macerating the above mentioned
beans in water and milling them together with water. The
liquid pap is filtered. To this fluid is added gypsum in
order to coagulate the Casein and also Chlormagnesium
[magnesium chloride {nigari} is a tofu coagulant]. The
coagulated Casein or Bean-curd is a jelly-like appearance.
“It is known that Manchuria produces a large quantity
of Beans (generally in the Reports on trade called Peas) from
which by pressure Bean-oil or Pea-oil is made. Bean-oil is
largely used in China for cooking and for lighting lamps.
The Bean-cakes are exported to Swatow [pinyin: Shantou,
in Guangdong Province, southern China] for purposes of
manure in the Sugar plantations. New-chuang [Newchwang,
later Ying-K’ou] (in Manchuria) exports chiefly Bean-oil and
Bean-cakes. I have not seen the Bean used in New-chuang
for this purpose, but from the description of others it must be
the Soja bean. Mr. Payen (l.c. 341) has examined leguminous
fruits from China, which he calls pois oléagineux de la
Chine and states that they contain 13 per cent. oil, whilst our
common leguminous seeds contain only 2 to 3 per cent. oil.”
End of footnote.
Note 1. This is the earliest English-language document
seen (Nov. 2017) that mentions an existing industrial use for
soybean oil (for lighting lamps).
Note 2. This is the earliest English-language document
seen (Sept. 2006) that uses the word “Soja-bean” (or “Sojabeans”) to refer to the soybean.
Note 3. This is the earliest English-language document
seen (Sept. 2016) that uses Tou-yu as the Chinese name for
soybean oil.
Also discusses: Coix lachryma (Job’s tears, p. 175),
various millets, and buckwheat (p. 175); hemp (Cannabis
sativa), Kô (kudzu, Pachyrrhisus Thunbergianus, p. 176),
plums, and almonds (p. 176). Address: Esq., M.D., China.
110. Bretschneider, Emil V. 1870-1871. The study and
value of Chinese botanical works. Chinese Recorder and
Missionary Journal (Foochow) 3(6):157-63. Nov.; 3(7):17278. Dec.; 3(8):218-27. Jan. 1871; 3(9):241-49, 264-72. Feb.;
3(9):281-93. March 1871. Published as a 51 page book in
Foochow in 1871. See p. 9. 22 cm. [15 ref. Eng]
• Summary: Dr. Bretschneider (an M.D.) noted of this work
in his Botanicon Sinicum (1882, p. 18): “The editor of this
periodical, at that time, seems to have had little experience
in proof-reading; at any rate my paper (although presented
in a very clear manuscript) came to light with such a
profusion of misprints and inaccuracies, that it would have
been ridiculous to append to it a complete list of errata. I
therefore would feel quite disposed to disavow this my first
scientific essay; all the more since at the time I wrote it I had

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 72

111. Henfrey, Arthur. 1870. An elementary course of botany:
Structural, physiological and systematic. 2nd ed. Revised and
in part re-written by Maxwell T. Masters. London: John Van
Voorst. xv + 708 p. Illust. (500+ woodcuts). Index.
• Summary: “Soja” beans are found in China and Japan
(Kaempfer’s region) (p. 657), and in India (Roxburgh’s
region) (p. 658). Address: Prof., F.R.S., L.S.., &c, London.
112. Bretschneider, Emil V. 1871. On the study and value of
Chinese botanical works, with notes on the history of plants
and geographical botany from Chinese sources. Foochow,
China: Rozario, Marcal & Co. 51 p. See p. 9. Illust. with 8
Chinese woodcuts. 22 cm. [61* ref. Eng]
• Summary: In the following, Chinese characters in the text
precede most Chinese words, such as the names of plants,
foods, authors, and many books.
“Ssu-ma-ts’ien, the Herodotus of China, in his historical
work Shi-ki (pinyin: Shiji, by Sima Qian), written in the
second century B.C., states that the Emperor Shen-nung
[Shennong] 2700 B.C. sowed the five kinds of corn [five
grains, wugu] (p. 7).

not sufficiently mastered the subject, and many of my former
statements require modification.”
Concerning the value of Chinese botanical works
(Dec. 1870, p. 172): “It is true, the Chinese possess very
little talent for observation and zeal for truth, the principal
conditions for the naturalist. The Chinese style is inaccurate
and often ambiguous. In addition to this, the Chinese have an
inclination to the marvelous and their opinions are often very
puerile. None of the Chinese treatises can be compared with
the admirable works of the ancient Romans and Greeks...
Nevertheless the Chinese works on natural science are
very interesting, not only for Sinologues, but also for our
European naturalists.”
In the December 1870 issue (p. 175, see separate
record), the author discusses the soybean at length, with
many illustrations of Chinese characters.
Note: Also discusses: In Jan. 1871–sesame (p. 222),
and groundnut (p. 224); Feb. 1871–hemp (p. 242). Address:
China.

The third of these is shu, the soja bean, which is
discussed in both the text and in a long footnote (p. 9). “Shu.
This name occurs in the Shi-king [Shijing, Book of Odes,
ca. 1000 BC] and in the Ch’un-ts’iu [Chunqiu, Spring and
Autumn Annals, 500 BC] (v.s. [see above]) and was related
in ancient times probably to the Soja-bean (Soja / Glycine
hispida). The Kuang-ya (4th century) says that the Shu and
the Ta-tou (great bean) are the same. The Pên-ts’ao (XXIV, I
and 8) states that there are several kinds of Ta-tou, a black, a
white, and a yellow (so named after the colour of the seeds)
and that from these beans Tsiang (Soja) [sic, jiang], Tou-fu
(Bean-curd), and Tou-yu (Bean-oil) are made.*”
The footnote states: “* At Peking, two kinds of Ta-tou
are cultivated, the Huang-ta-tou (great yellow bean) and the
Hei-ta-tou (black great bean). The name great bean refers
not to the seeds but to the whole plant, the Soja bean, being
an erect herb 3 to 4 feet high. The Huang-ta-tou, called
also Mao-tou (hairy bean) is the true Soja bean.” “Both the
yellow and the black bean are used for the same purpose at
Peking for making Soja [soy sauce], and Bean-curd. Beancurd is one of the most important articles of food in China.
It is prepared by macerating the above mentioned beans in
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water and milling them together with water. The liquid pap is
filtered. To this liquid is added gypsum in order to coagulate
the Casein and also Chlormagnesium [magnesium chloride,
i.e., nigari]. The coagulated Casein or Bean-curd is a jellylike appearance.
“It is known that Manchuria produces a large quantity
of the Beans (generally in the Reports on the trade called
Peas) from which by pressure Bean-oil or Pea-oil is made.
Bean oil is largely used in China for cooking and for lighting
lamps. The Bean-cakes are exported to Swatow for purposes
of manure in Sugar plantations. New-chuang [Newchwang;
later Yingkou] (in Manchuria) exports chiefly Bean-oil and
Bean-cakes.”
The Preface begins: “In presenting these pages to the
learned world, I consider it my duty to confess, that I am
neither a Sinologue nor Botanist, my knowledge in Chinese
as well as in Botany being very limited. But living in the
Chinese Metropolis five years, I was encouraged by the
favourable conditions in which I found myself, to make
some inquiries into Chinese plants and to venture on the
publication of these notes on Chinese Botany... Although I
had the advantage of having access to the splendid library
of the Russian Ecclesiastical Mission at Peking, where are
to be found not only all Chinese works of importance, but
also most European books relating to China,–the reader will
observe the want of some special works on Botany.”
Concerning the Pên-ts’ao k’ang-mu (p. 4-6),
Bretschneider concludes: “On the whole it can be said... that
the descriptions of plants therein are very unsatisfactory.”
“The Pên-ts’ao is often inconvenient for reference, the paper
and the impression being bad and the misprints numerous.”
As a general overview of the entire subject he concludes
(p. 6-7): “It is true, the Chinese possess very little talent
for observation and zeal for truth, the principal conditions
for the naturalist. The Chinese style is inaccurate and
often ambiguous. In addition to this the Chinese have an
inclination to the marvelous and their opinions are often
very puerile. None of the Chinese treatises can be compared
with the admirable works of the ancient Romans and
Greeks, Plinius, Dioscorides (both of the first century) &c.
Nevertheless the Chinese works on natural science are very
interesting, not only for the sinologues, but also for our
European naturalists” interested in “geographical botany, and
the history of cultivated plants.”
The last section, titled “List of Chinese works
quoted in the foregoing notes” (p. 48-51) gives 61 works,
sorted chronologically, and grouped into dynasties. “The
information regarding them has been derived from an
examination of the Ssu-k’u ts’üan-shu, the great Catalog of
the Imperial Library 1790. I hereby give only the title, the
author’s names and the time of publication.” The earliest
grouping, “Works written before the third century B.C.”
begins: “Shen-nung pên-ts’ao-king. Classical herbal, or
Materia medica of the Emperor Shên-nung, 2700 B.C.”

Note: This is now generally cited as: Shennong bencao
jing (Classical pharmacopoeia of Shennong, the Heavenly
Husbandman) (100 AD).
Originally published as articles in the Chinese Recorder
and Missionary Journal (Foochow) in 1870-71 (vol.
3). In a footnote describing this original publication, in
Bretschneider’s article in the Journal of the North-China
Branch of the Royal Asiatic Society, 1882, he writes, “The
editor of this periodical, at that time, seems to have had little
experience in proof-reading; at any rate my paper (although
presented in a very clear manuscript) came to light with such
a profusion of misprints and other inaccuracies, that it would
have been ridiculous to append to it a complete list of errata.
I therefore would feel quite disposed to disavow this my first
scientific essay; all the more since at the time I wrote it I had
not yet sufficiently mastered the subject, and many of my
former statements require modification.”
Also discusses: Hemp (Cannabis sativa, ma; the male
plant is called si while the seed-bearing female plant is called
tsü; p. 5, 10). Arachis hypogaea (Ground-nut, Lo-hua-sheng,
p. 5). Job’s tears (Coix Lachryma, p. 9). Kudzu (p. 10).
Address: M.D., Physician of the Russian Legation at Peking,
China.
113. Smith, Frederick Porter. 1871. Contributions towards
the materia medica & natural history of China. For the use of
medical missionaries & native medical students. Shanghai,
China: American Presbyterian Mission Press, and London:
Truebner & Co. vii + 237 p. See p. 88, 202-03. 24 cm.
• Summary: This book, based in part on the famous Pents’ao kang-mu by Li Shih-chen (1578-1597), contains a
listing of medicinal plants arranged alphabetically by either
their popular English name or scientific name. Chinese
characters for the plant name, the romanized Chinese name,
and key related terms are also given immediately after the
main entry. There is no index. The soy bean is listed under
“Dolichos soja (Hwang-ta-tau; characters = Yellow + large
+ bean), (Mau-tau; characters = hairy + bean).–The hairy,
short pods of this Leguminous plant are eaten, when freed
from the valves. They are mixed with vinegar and sesamumoil, and drank as a cooling draught in summer. The ripe,
ovoid, yellow beans are used to make bean-curd (Tau-fu), a
substance largely consumed by the Chinese when vegetables
are not very plentiful. It is the cheese of the Chinaman. The
beans are ground and pressed to produce the bean-oil, or peaoil, as it is sometimes miscalled by foreigners. The beans are
said to be laxative, peptic [promoting digestion] and nutrient.
Bean sprouts (Tau-ya), are the germinating beans of this
plant, artificially raised in large quantities for food in winter
(p. 88).
Note 1. This is the second earliest English-language
document seen (Jan. 2013) that refers to soy sprouts, which
it calls “Bean sprouts (Tau-ya)... And this is the earliest
English-language document seen (Jan. 2013) that uses the
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term “Bean sprout” or Tau-ya to refer to soy sprouts, then
goes on to explain what these terms mean.
Note 2. This is the earliest document seen (Sept. 2014)
that uses the word “laxative” in connection with soy beans.
Note 3. This is the earliest English-language document
seen (April 2013) that uses the term “cheese of the
Chinaman” to refer to tofu.
Note 4. This is the earliest English-language document
seen (Sept. 2006) that uses the term “pea-oil” (“as it is
sometimes miscalled by foreigners”) to refer to soybean oil.
Also on p. 88, under Dolichos trilobus (Koh) is a
description of kuzu. “The Pachyrizus trilobus is sometimes
included under this name... A fibre resembling linen, called
(Chinese characters) Koh-pu or Kung koh, of a yellow
color, very fine and durable, and much prized in Hankow, is
obtained from the climbing branches. The best of this cloth
comes from Wu-chang hien (Hupeh), and from Kwang-sin
fu in Kiangsi. The root is eaten, although to some extent
deleterious, if not thoroughly cooked. A kind of arrow root
(Chinese characters), called Koh-fen, is made from the root
in Ngan-king fu (Nganhwui), Kwang-sin fu (Kiangsi) and at
Teh-ngan fu (Hupeh). Emetic, diaphoretic and antiphlogistic
properties reside in the root, which is given in fevers,
exanthemata and rashes of all kinds, and in bloody fluxes
[excessive abnormal discharge from the bowels]. Every part
of the plant is officinal” [medicinal].
Soy sauce (p. 202) is listed under “Soy (Tsiang-yú)–The
condiment known by this name, derived from a Chinese
synonyme used by the Japanese, is a black, thin liquid,
having an agreeable, saltish flavour, and frothing up of a
yellow colour when very slightly shaken. It is the universal
sauce of the Chinese and Japanese, and is largely exported
to India and Europe as a convenient menstruum for other
flavouring substances used as condiments. The yellow beans
of the Dolichos soja are boiled very soft, and mixed with any
cereal flour in varying proportions, and allowed to ferment
and become mouldy. Salt and tea, or boiling water, are then
added, and the mixture is then exposed to the sun and dew
of the open air for three weeks or a month, care being taken
to avoid rain. The liquid becomes much thicker, darker and
more uniform in consistence, and after constant stirring is
then strained and kept for use. Bran is sometimes used in

making it. Large quantities are both sold from the shops and
made at home by the Chinese. It is considered to provoke
the appetite, and to correct any injurious quality of food. It
is laxative, cooling, and an antidotal, according to Chinese
estimation. It is sometimes daubed upon burns, scalds,
eczematous and leprous sores.”
Note: This is the earliest English-language document
seen (April 2012) that uses the term “Tsiang-yú” to refer to
the Chinese word for soy sauce.
Under “Maccaroni [Macaroni] (Mien-kin),” following
the description of the basic kind made from wheat flour
(which is “a part of the diet of priests and those fasting from
animal food”), we read: “A kind of macaroni, very much like
foreign macaroni, is made from bean-curd and called Tau-kin
(bean + muscle, sinew, or tendon).”
Under “wheat,” the author discusses the grain itself,
“wheaten flour,” and “wheaten starch,” but he does not
mention wheat gluten. Nor are azuki beans (hsiao-tou) listed.
Bretschneider harshly criticizes this book: “Of little value,
unreliable.” But Rev. G.A. Stuart, M.D., in his Chinese
Materia Medica (1911) states on the title page “Extensively
revised from Dr. F. Porter Smith’s Work.” Smith lived 18331888. He wrote the preface in Nov. 1870 from Hankow,
China. Address: Medical missionary (from England) in
central China [Hankow].
114. Slowgo. 1872. Japan pea. Southern Cultivator 30(1):6364. Jan. [1 ref]
• Summary: “Editors Southern Cultivator:–’The Japan Pea
is a native of the East Indies and also of Japan, as implied
by the name. The plant makes a strong erect growth, with
numerous spreading branches; the leaves are large, light
green and downy beneath; flowers small, yellow at the
centre–the upper petal purple; the seed pods are small and
downy, and are produced in profuse abundance, growing in
clusters over the entire plant; the seeds are small roundish,
and of a cream yellow color when ripe. It is raised from
seed, which as the plant requires the entire season for
development, should be sown as soon as the ground is warm
and settled. Make drills at 20 inches, and plant at 10 or 12
inches, covering ½ to 3/4 inches. The seeds will be suitable
for use in a green state, from * * * until destroyed by frost–
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the crop being seldom fully perfected in the Northern States.
The seeds while young are tender and delicate. The ripe
seeds if soaked for an hour in moderately hot water, take the
form and appearance of the common white bean, become
quite soft and tender, and have a pleasant, melting and oily
flavor. The whole plant with its seeds, is also used for raising
stock.’
“I send the above extract from Burr’s Field & Garden
Vegetables of America [probably 1865], thinking it may
interest some of your readers.
“A gentleman who has tried the pea, writes me that it is
to be planted after the spring fully opens–that the peas are
fine for hogs–especially for stock; and that the bush or vine
is fine for forage, and should be cut when the fruit is in its
last dough state. The pea grows erect, heavy and spreading–
stalk erect and heavy and spreading–foliage thick, leaves
large for the stem, bush growing 3 to 4 feet high.” [Signed,
Slowgo, Port Gibson, Mississippi].
The Editors of Southern Cultivator [which at this time
was published in Athens, Georgia] add: “We are inclined
to think, from trial on a small scale, that the Japan pea
is a valuable plant as a stock pea and for making hay. It
withstands drought well, and is easily cut with a scythe or
mowing machine.” Note: This is also the earliest document
seen (March 2021) that mentions the use of a “machine” or
“mowing machine” in connection with soybean production.
Address: Port Gibson, Mississippi.
115. Maximowicz, C.J. [Maksimovich, Karl Ivanovich].
1873. Diagnoses plantarum novarum Japoniae et
Mandschuriae [Descriptions of new plants from Japan and
Manchuria]. Bulletin de l’Academie Imperiale des Sciences
de St.-Petersbourg 18:371-402. July. See p. 398. (3rd Series,
Vol. 2). [6 ref. Lat]
• Summary: This paper, read by the author on 30 Jan.
1873, contains the first use of the term Glycine hispida. The
information on soybeans is found within a section titled
“Observ. Ceterae Phaseoleae, in Japonia et Mandshuriae
certe spontaneae, sunt:” The author discusses first the wild,
then the cultivated soybean: [1] “Glycine Soja S. Z. l. c. I.
119.–non Benth.–Gl. usuriensis Rgl. Fl. Usur. n. 146. tab.
VII. fig. 5-8.–Tsuru mame. Soo bokf. XIII. 37.
In Kiusiu et Nippon, ad Yokohamam; in Mandshuria
[Manchuria]: a finibus Koreae secus Usuri [Ussuri] et
Sungari fl. ad Amur meridionalem.
[2] “Gl. hispida m. vocanda est Soja hispida Mch.
[Moench]–Dolichos hispidus Thbg. et Soo bokf. XIII. 1821., quae in Japonia, China, et Japonia ubique colitur,
et a praecedente tantum hispiditate majore, caule erecto
et legumine majore differt, an igitur forsan varietas culta
censenda?”
Note: This and other articles were reprinted in the
Academy’s Mélanges Biologiques Tirés du Bulletin de
l’Académie Impérial des Sciences de St.-Pétersbourg

(Akademiia Nauk S.S.S.R., Leningrad). They were later
published by the Academy as a book titled Diagnoses
plantarum novarum asiaticarum.
116. Heuzé, Gustave. 1873. Les plantes alimentaires [Edible
plants. 2 vols.]. Paris: Libraire Agricole de la Maison
Rustique. Undated. See Vol. II, p. 381-82. 27 cm. [ soy ref.
Fre]
• Summary: Vol. II, Part II concerns “Leguminous plants
with pods.” In Book 2, titled “Dolic or dolique” (p. 371+),
Chapter II (p. 373-83) concerns “Species and varieties.” The
soybean is in the second major group, “Dwarf dolics” (p.
380), as follows: Variety “15.–Japanese soybean (Dolic du
Japon. Dolichos soja, Linn.; p. 381-82) states: Synonyms:
Dolic soja. Soja japonica, Sav. Dolic à café [the coffee
bean]. Soja hispida, Moench.”
Note 1. This is the earliest French-language document
seen (Sept. 2014) that uses the term Dolic du Japon or
the term Dolic soja or the term Dolic à café to refer to the
soybean.
Note 2. This is the earliest French-language document
seen (Nov. 2012) that refers to the soybean in connection
with coffee.
A botanical description in French follows: “The stems,
which are from 65 to 100 cm tall, are hispid / hairy, straight,
straight, and rust-colored. The leaves have three cordiform
folioles, equipped with stipules; flowers violet, sessile
[attached directly by the base], in short clusters, straight and
axillary [growing from an axil]. The pods are lightly curved,
slightly pendulous, very short, bumpy, and covered with rustcolored hairs. The seeds are oval, shiny, compressed, clear
nankeen (nankin clair; brownish yellow) in color, and almost
dull.
This variety is cultivated in China, Japan, and Asia. Its
flowers are white, purple, or violet, according to the variety.
The types that are most widely cultivated, after the core
/ main type [nankeen colored], are two: 1. The black soybean
(Le soja noir, Soja hispida). 2. The yellow soybean (Le soja
jaune, Soja ochroleuca).
The Japanese transform the seeds of this dolic into a
paste (miso), with which they make a sauce (soja), which
they use to prepare various foods.
This species is an annual; in France it has been called
pois oléagineux (“oil peas”). It was introduce here from
China by Mr. de Montigny. It is cultivated in some points in
the departments of Ariège and of Haute-Garonne. It grows
rapidly and is quite resistant to drought.
Also discusses: Dolichos tetragonolobus L. Synonyms:
Pois carré (in Europe). Psophocarpus tetragonolobus DC.
In India it is known as mourou-kouavré (p. 377). Gustave
Heuzé lived 1816-1907. The book is undated, but the date
usually given in catalogs is 1873 (less commonly as 1872).
Address: Member of the Central Society of Agriculture of
France. Adjunct inspector general of agriculture.
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117. Maximowicz, C.J. (or Maksimovich,
Karl I.). 1873. Diagnoses plantarum novarum
Japoniae et Mandshuriae [Diagnoses of new
Japanese and Manchurian plants]. Melanges
Biologiques Tires du Bulletin de l’Academie
Imperial des Sciences de St.-Petersbourg
(Akademiia Nauk S.S.S.R., Leningrad)
9(1&2):69-70. [Lat]
• Summary: Maximowicz points out that
Glycine Soja S. & Z. is not the cultivated
soybean but rather the wild species that was
subsequently described by Regel and Maack as
Glycine ussuriensis. The exact text relating to
two Glycine species reads:
“Glycine Soja S. Z. l. c. I. 119.–non
Benth.–Gl. usuriensis Rgl. Fl. Usur. n. 146.
tab. VII. fig. 5-8.–Tsuru mame. Soo bokf. XIII.
37.
“In Kiusu [Kyushu] et Nippon, ad
Yokohamam; in Mandshuria [Manchuria]: a
finibus Koreae secus Usuri [Ussuri] et Sungari
fl. ad Amur meridionalem.
“Gl. hispida m. vocanda est Soja hispida
Mch.–Dolichos hispidus Thbg. et Soo bokf.
XIII. 18-21., quae in Japonia, China, et
Japonia ubique colitur, et a praecedente tantum
hispiditate majore, caule erecto et legumine
majore differet, an igitur forsan varietas culta
censenda?”
118. Iinuma, Chôjun [Yokusai]. 1874. Shintei
sômoku zusetsu [An illustrated flora of Japan.
New ed. Edited, with corrections, etc., by
Tanaka Yoshio and Ono Motoyoshi]. Japan.
See vol. XIII, p. 17-22, 36-37. Illust. Dec. 27
cm. [Jap]
• Summary: This entire work consists of 20
volumes, divided by yellow divider pages and
bound in 5 physical volumes. It is printed on
very light-weight (low-density), rather translucent, doublefolded Japanese paper, and extensively illustrated. On title
page of vol. 1 is written Mino Ogaki, Hirabayashi-so, which
may refer to the publisher (a person) and his publishing
company. The date on the title page is Meiji 7, 12th month
(Dec. 1874). Near the front of volume 1 is a preface in
French titled “Préface de la deuxième edition du Sô-mokouZoussets. Revue et augmentée” by Tanaka Yoshiwo, dated
24 July 1874. It notes that it has been a long time since the
first edition was published; the author and scholar Yokoussai
died unexpectedly before he was able to finish his work, and
a little later his son followed him to the grave. Otherwise,
the only roman letters in the book appear at the top of
illustrations, giving the name of the plant in Japanese, its

scientific name, and its family. On the spine of each volume
is printed “Sintei Somoku Dzusetsu, by Yokusai Iinuma.”
Today the title would be written “Shintei Sômoku Zustesu.”
The author’s name is often catalogued as Chôjun Iinuma; he
lived 1782-1865.
A full-page illustration of the author appears near the
front of volume 1, and below it is written in roman letters
“Iinouma Yokoussai.”
The section on soybeans is very similar to that in the
1861 edition. Soybeans are discussed only in Vol. XIII,
Diadelphia. Called ômame, mame, or daizu in Japanese, the
scientific name of the plant is Dolichos soja (pronounced
“Dorikosu soya” in Japanese); it is also called Japansche
Slingerboon (probably a Dutch term, pronounced “Yappanse
Suringeru-boon” in Japanese).
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After a 1-page description of the plant (written in oldstyle “kanbun” rather than contemporary Japanese, making
it very hard to read), there follow 5 pages of detailed
descriptions of 23 different soybean varieties, each with
its Japanese name or names. Note that mame (pronounced
MAH-may) means “bean” in Japanese. 1. Go-gatsu mame.
2. Wasé mame. 3. Nakaté mame. 3a. Okuté mame. 4. Maru
mame. 5. Shiro teppô mame. 6. Kuro mame. 7. Kuro teppô
mame. 8. Koishi mame. 9. Ao mame. 10. Kage mame. 11-15.
Aka mame. 16-18. Cha mame. 19. Kuro kura kaké mame. 20.
Aka kura kaké mame. 21-23. Fuishi mame. Above each name
is a hand-painted color illustration of the seed showing the
color of its seed coat and hylum, shape, and actual size.
On page 21 (plate 17) is a full-page black and white
illustration (line drawing) of ô-mame, Glycine hispida
moench (Leguminosae), with a color flower.
On page 22 (plate 18) is a full-page black and white
line drawing of midzu-kugiri, Glycine hispida Moench F.
lanceolata (Leguminosae), with two color illustrations of the
seeds, and preceded by a brief description of the plant.
On pages 36-37 (plate 17) is a full-page black and
white illustration (line drawing) of the wild soybean, tsurumame, no-mame, Glycine soja S. et Z. (Leguminosae)
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(Leguminosae), with a color illustration of its flower, and
preceded by a brief explanation.
Note: This is the earliest document seen (June 2009) that
gives the color of the seed coat of many different soybean
varieties. Address: Japan.

119. Haberlandt, Friedrich. 1876. Der Anbau der
rauhhaarigen Soja oder Sojabohne (Soja hispida Moench)
[The cultivation of the coarse-haired soya or soybean].
Wiener Landwirthschaftliche Zeitung (Vienna) 26(9):87-89.
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Feb. 26. [Ger]
• Summary: Contains a detailed account of Haberlandt’s
first trials and analyses of the oil and protein content of the
soybean’s seeds.
Only the family of the grasses may be capable of
competing with the members of the Papilionaceae family
[Schmetterlingsblüter; family of butterfly-blossomed plants]
with regard to the large and varied use which they grant
people’s households. The grain plants tower above all other
cultivated crops as food plants, and following them in a close
second are the legumes or pulses. The cultivation of the latter
is in a process of constant increase everywhere, in contrast
to which the expansion of grain cultivation has already
experienced limitations in a number of places. The seeds of
pulses are more nutritious than those of the species of grains,
and their growing importance and diffusion are in fact thanks

to this circumstance. But the members of the Papilionaceae
family also surpass all other plant families with the exception
of the Asteraceae family [Compositen: also referred to as the
Compositae family] in the quantity of genera and species
as well as in the manifold usability in medicinal, economic,
and technological respects. Aside from the content of their
seeds of starch, sugar, protein (legumin), fatty oils, many
of them also have tannins; fragrantly resinous, pungent,
purgative, and even narcotic substances; or else they are
rich in important dyes, among which indigo takes first place.
Others follow as the most highly regarded ornamental plants
from the beauty of their form and the blaze of color, or else
as impressive woody plants they provide precious timbers
which distinguish themselves as much through their beauty
as their strength.
In order to become aware of the significance of members
of the Papilionaceae family as edible plants, the genera of
plants that have become local are recalled: Phaseolus (green
beans), Pisum (peas), Ervum (lentils), Cicer (chickpeas),
Lathyrus (winter peas), and Vica (vetch); a similar if not
more important role is played for the inhabitants of warmer
and hotter lands: Dolichos, Soja, Cajanus, Arachis, Vigna,
Voandzeia, and others. But in dealing with all pulses that
we now designate as our own which originally belonged to
foreign and warmer lands, there are acclimatized strangers,
and therefore the question may indeed be justified as to
whether the selection among the Papilionaceae family that
provides edible seeds in warmer areas has already been
exhausted for the purposes of our plant cultivation and
whether new agronomic trials have to be designated as
hopeless from the very outset? I would like to take the liberty
to answer this question in the negative on the basis of the
success of several agronomic trials that were carried out this
past summer in the Experimental Garden of the ImperialRoyal College of Agriculture (Versuchsgarten der k.k.
Hochschule für Bodencultur) and to direct the attention of
additional circles to a legume of ancient cultivation, namely
to Soja hispida Mönch, the coarse-haired soy or soybean.
It is indigenous on the Malayan Islands, on Java, and in
East India and is cultivated to a great degree specifically
in China and Japan. Its seeds have a pleasant flavor both
in a boiled and roasted state, and they form a component
of the daily nourishment that is almost never missing in
India as well as in China and Japan in that a brown, dense,
pleasantly salty-tasting broth (sauce) is prepared from them,
the so-called soy [soy sauce] which is added to all dishes.
That is also frequently brought to Europe where it is eaten
as a side dish to beef that promotes digestion. The older
it is, the better it is supposed to be. According to Leunis,
though, the soy that is found in trade in Europe is not always
prepared from soybeans, but rather from other vegetables,
specifically from mushrooms. De Candolle classifies the
legume that is under discussion with Phaseolus and Dolichos
in the same subgroup in the system; according to E. Müller,
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it finds its position in the subgroup of Kennediinae with
Kennedya [or Kennedia] and Dipogon. The genus Soja, in
particular the species Soja hispida, is characterized by the
stiffly upright growth of the 0.6 to 1 meter long stem, by
triple pinnate leaves (dreizählig gefiederte Blätter), axillary
unprepossessing blossoms (achselständige unsehnliche
Blüten) which form mostly four pods sitting on shortbranched stemlets (Stielchen). The calyx of the blossoms
basically has two parts with five columns, the inner tips are
straight and pointed, the two upper ones grow past the center.
The vexillum of the blossom (Fahne der Blüte) is oval
and short-stemmed (kurzgestieft), the carina (Schiffchen)
is elongated and straight. Depending upon the variety,
its coloring is white, yellowish, or violet. The stamens
are diadelphous (zweibrüderig), the tenth approximated
(genähert) but clearly separate; the style (Griffel) is short, the
pod is elongated, with two to five seeds, septate (gefächert)
through soft, white membranes. The seeds are spherically
oval, and small-seeded species of green beans are easy
to confuse with them. In terms of color, they are either
brownish-red with a white, bulging hilum (gewulsteten
Nabel) or pale yellow with a chalaza (Hagelfleck) with a
brownish-red edge. The stem, leaves, and pods are densely
covered with brownish, rust-reddish, rather stiff tiny hairs
(Härchen) which is indicated by the name of the plant Soja
hispida–coarse-haired soy. A picture of the mature plant with
the leaves removed and with numerous pods at a scale that
has been made to look younger (verjüngeten Massstab) is
provided by the accompanying sketch, Fig. 68.
In G. Heuzé’s Les Plantes Alimentaires, I find the
statement that Soja hispida is called “oil pea” (Oelerbsen)
(pois olégineux) and that it was introduced to France from
China by M. de Montigny. He only comments that this
plant was cultivated at some points in the Departements
of Ariège and Haut-Garonne [sic, Haute-Garonne], that it
grows quickly, and that it withstands drought well. In the
nine years of issues of the Zeitschrift für Acclimatisation
from the Institution of the Acclimatization Society (Organ
des Acclimatisationsvereins) in Berlin that are available
to me, I have not found this plant mentioned anywhere as
worthy of acclimatization, and in Austria, it seems thus
far to have been studied just as little as in Germany for its
ability to be cultivated, even though the climatic conditions
of the southern provinces of Austria would have been very
favorable to this.”
Note 1. This is the earliest document seen (March 2021)
in which Friedrich Haberlandt mentions the soybean.
Note 2. This is the earliest German-language document
seen (March 2021) that uses the word Oelerbsen to refer to
soybeans.
“Among the seeds which the Chairman of Plant
Cultivation (Lehrkanzel des Pflanzenbaues) acquired
at the Vienna World Exhibition of 1873 was also found
an assortment of different varieties of soybean (Soja)

assembled from the exhibitions of China, Japan, Mongolia,
Transcaucasia, and East India. I then used a total of five of
them in this past vegetation year when the acquisition of an
experimental garden for the purposes of the Imperial-Royal
College of Agriculture made it possible to undertake small
planting experiments outdoors for cultivation experiments,
the results of which may well appear to be worth a report in
further circles. Out of the original samples that were used
for planting, three originated from China and two from
Mongolia. The planting took place at the same time on May
2, 1875 on a plot that had shortly before been deeply plowed
to a depth of 0.6 meters. Within that context, along with
the raw subsoil a great deal of buried wall rubble was also
brought to the surface. With intense fertilizing, which was
done on the occasion of the deep plowing in three layers,
this unfortunate circumstance was somewhat remedied. As
could be foreseen, just the first development of this as well
as many other experimental plantings left something to be
desired. The later growth was very strong, and in spite of
the high yields, it was revealed that the insolation conditions
of the 0.6 hectare experimental garden turned out to be less
favorable as it was surrounded by tall buildings and at times
also shaded by tall trees.
The plants of every variety covered a bed strip
(Beetstreifen) which was three meters long and 0.3 meters
wide. One variety each from China and Mongolia did not at
all succeed in blossoming, the other three in fact blossomed
as amply as they bore fruit, and specifically the times of
blossoming and of the maturation of the fruit were:
A table follows. The four columns are the number of
the sample, its description, Date of Blossoming, and Date
of Fruit Maturation. The three rows are No. 1 Brownish-red
variety from China, blossoming on June 28, fruit maturation
on September 11, No. 2 Light yellow variety from China,
blossoming on July 1, fruit maturation on September 11,
and No. 3, Light yellow variety from Mongolia, blossoming
on June 29, fruit maturation on September 11. (Continued).
Address: Prof., Wiener Hochschule fuer Bodencultur,
Vienna.
120. Haberlandt, Friedrich. 1876. Der Anbau der
rauhhaarigen Soja oder Sojabohne (Soja hispida Moench)
[The cultivation of the coarse-haired soya or soybean].
Wiener Landwirthschaftliche Zeitung (Vienna) 26(9):87-89.
Feb. 26. [Ger]
• Summary: (Continued): It also needs to be emphasized that
the individual plants were covered with ripe pods from top
to bottom, some of which numbered up to eighty that were
filled with an average of two to three seeds. Consequently,
the fertilization of the blossoms is very certain; whether
that is dependent upon the intervention by insects was not
determined with certainty. The unpleasant circumstance
that so often occurs with fava beans that the blossoms that
form continuously always remain unfruitful and infertile
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was not even to be perceived with the soybean with one
single plant. The stiffly upright growth of the stems made
the cultivation substantially easier, the shading of the soil
by the large triple pinnate leaves (die grossen gedreiten
Fiederblätter) is considerable and consequently its influence
on the maintaining of a favorable physical quality of the soil
is certainly advantageous. Added to this is the fact that as a
small pretrial showed, the transpiration of the coarse-haired
leaves is less than with green beans, which does in fact
completely concur with the experience in France with regard
to the resistance to severe drought.
It is also to be added that the soybean does not have
to fear any enemy at all from the insect world because it
withstood even the attacks by the spider mite (Webermilbe)
(Tetranychus telarius) to which the majority of the varieties
of green beans that were planted in the trial gardens were
subjected, and thus in all that which has been stated, praise
will certainly be seen without any restriction on price for this
stranger which thus far has been unknown with us.
“In any case, I propose continuing the agronomic trials,
both with the original soybean varieties that still remain
left over and with the reproduced seeds, of which in any
case a part is being used for the carrying out of analyses.
Consequently, it may be a long time until the supply of seeds
from our own agronomic trials and those of others may
experience such a substantial increase that the cultivation of
them may take place at a greater scale.
“The goal would be arrived at more quickly if larger
quantities of soybeans were imported directly, perhaps
through the mediation of governments, for the purposes of
trials and, in so doing, attention were expressly drawn to the
fact that the selection of the seeds that were to be purchased
in China or Japan would have to take into consideration
primarily the early-maturing varieties.
Vienna, Prof. Friedrich Haberlandt
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. This is the earliest document seen (March 2021)
by Prof. Haberlandt about soybeans or that mentions Prof.
Haberlandt in connection with soybeans. Also subsequently
published in Biedermann’s Centralblatt (June 1876, p. 44145).
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in the Austro-Hungarian Empire, or
the cultivation of soybeans in the Austro-Hungarian Empire.
This document contains the earliest date seen for soybeans
in the Austro-Hungarian Empire (1873), or the cultivation
of soybeans in the Austro-Hungarian Empire (1875). The
source of these soybeans is the various national expositions
at the Vienna World Exhibition of 1873.
Note 4. This is the earliest document seen (March 2021)
concerning soybeans in Transcaucasia, or the cultivation
of soybeans in Transcaucasia–which is a region roughly
equal to that occupied in 2021 by the countries of Armenia,

Azerbaijan, and Georgia. This document contains the
earliest date seen for soybeans in Transcaucasia, or the
cultivation of soybeans in Transcaucasia (1873). The source
of these soybeans is unknown. We cannot be certain that
soybeans were being cultivated in Transcaucasia by 1873,
although Haberlandt says in 1878 that these soybeans were
“from Transcaucasia” so they were almost certainly being
cultivated there–especially since they were seen as being
important enough to take to this Viennese World Exposition.
Moreover, Wuchino (1901) states that soybeans were first
grown in Transcaucasia in the 1870s. We learn later (1878)
that Haberlandt got black soybeans from the Transcaucasian
exposition.
Note 5. This is the earliest document seen (Nov. 2019)
concerning soybeans in Central Asia (Transcaucasia), or
the cultivation of soybeans in Central Asia. This document
contains the 2nd earliest date seen for soybeans in Central
Asia, or the cultivation of soybeans in Central Asia (1873).
The source of these soybeans is unknown.
Note 6. This is the earliest document seen concerning
soybeans in Mongolia, or (probably) the cultivation of
soybeans in Mongolia (one of two documents). It is possible,
but unlikely, that these soybeans came from the nation that
since 1911 has been called Mongolia (formally Mongolian
People’s Republic, also called Outer Mongolia). It is more
likely that they came from what is today called Inner
Mongolia, which is part of China, an autonomous region
in northern China bounded on the north by the Mongolian
People’s Republic.
Note 7. This is the earliest document seen (Jan. 2020)
that contains the following words or phrases: chalaza, or k.k.
Hochschule für Bodencultur.
Note 8. This is the earliest document seen (April 2018)
in which a scientific name is given to an enemy of the
soybean–the spider mite. Address: Prof., Wiener Hochschule
fuer Bodencultur, Vienna.
121. Hansl, Julius. 1877. Miscellen: Sojabohne
[Miscellaneous: Soybean]. Oesterreichisches
Landwirthschaftliches Wochenblatt (Vienna) 3(33):381. Aug.
18. [Ger]
• Summary: The soybean appears to feel quite content
in our climate. The yellow, reddish-brown, and black
varieties, which Prof. Fr. Haberlandt of the Wine-growing
Institute (Weinbauschule) was kind enough to provide,
have developed splendidly. The cultivation took place
simultaneously on April 10 in a sandy loamy soil which had
been moderately fertilized with the previous crop (spinach).
On May 12, all three varieties had come up equally. The
blossoming began with the yellow and brownish red varieties
on June 19 and completely ended at the end of July; the
black variety, however, began to blossom on June 26 and is
continuing to blossom today. From the very beginning, the
condition of the latter variety was more lush than the other
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two varieties. Today, the black soybean has an average height
of 95 centimeters and, like the usual pole beans, has wound
up the ripeners (Reifer) that were stuck in the ground, while
the yellow and reddish brown varieties are an average of 80
centimeters tall and do not wind. The setting of the fruit is
very much richer everywhere and leads to the expectation of
very favorable results which I shall not fail to report on at a
later date. The care was limited to the careful clearing away
of weeds and to light hoeing and simultaneous hilling up of
earth at the beginning of blossoming. All three varieties that
were cultivated showed themselves to be equally resistant to
the heat and lasting drought in the months of June and July,
and in fact it seems that this weather was very especially
conducive to them. I conclude this out of the circumstance
that the planting of the same varieties in the garden of Mr.
Auchmann, producer of champagne and coffee surrogate
in Marburg, by far did not demonstrate the height of the
plants and the lovely dark green of the leaves like those of
the Wine-growing Institute. But Mr. Auchmann had the soy
watered, while that was intentionally omitted at the Winegrowing Institute. Mr. Auchmann found that the soybean
is very excellently suitable for the production of surrogate
coffee and he has announced this product of his for next
year’s World Exposition in Paris. In that way, the first path
for the assessment of soy may therefore have been found.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. Marburg is a city in northeastern Slovenia, on
the Drava River near the Austrian border about 65 miles (105
km) northeast of Ljubljana.
Note 3. This is the earliest document seen (April. 2020)
concerning soybeans in Slovenia, or the cultivation of
soybeans in Slovenia. This document contains the earliest
date seen for soybeans in Slovenia, or the cultivation of
soybeans in Slovenia (10 April 1877). The source of these
soybeans was Prof. Haberlandt in Vienna, but they originated
in China and Mongolia. Address: Marburg [in today’s Hesse,
Germany].
122. Leunis, Johannes. 1877. Synopsis der Pflanzenkunde:
Ein Handbuch fuer hoehere Lehranstalten... Zweite gaenzlich
umgearbeitete Auflage... 3 vols. [Synopsis of botany: A
handbook for institutions of higher learning... 2nd ed. 3
vols.]. Hannover: Hahn’sche Buchhandlung. See vol. 2, p.
412. [Ger]
• Summary: Volume 2 (Zweiter Theil) is devoted to botany,
bound with vol. 1, and arranged by plant families. Under
legume family (Leguminosae, Huelsenpflanzen) are the
papilionaceae (Schmetterlingsblüter, p. 374+) within which
we find the genus Dolichos (p. 412), which includes D.
pruriens, D. Lablab, and D. Soja (the soybean). Symbols
indicate that the genus contains plants with therapeutic or
medicinal value (Apotheker–oder Arzneipflanzen) and that
the soybean alone is a commercial plant (Handelspflanze).

Concerning the soybean we read: Dolichos soja* L.
(Footnote 5: *The term Soja or Sooja is used by the Japanese
to refer to a sauce {Tunke} in which soybeans {die SojaBohnen} are used) or Soja japonica** Savi (Footnote 6:
**Japanese)
Note 1. This is the earliest German-language document
seen (April 2012) that uses the word Tunke to refer to soy
sauce.
The Japanese Soybean (Japanische Sojabohne).
Cultivated in its native Japan and now also throughout all of
southern Asia, because the beans taste good and also serve
for the preparation of a piquant, brown, thick, sauce, which
is very popular on foods, and in India is added to almost all
foods and is also imported to Europe and used to improve
sauces or extracts (Brühen) and also as a sauce for roasts
(Braten-Sauce); however the Soya that is now in commerce
in Europe is not made from soybeans but rather made by us
from other materials, namely from mushrooms (Pilzen).
Also discusses: Alfalfa (p. 382-83). Lupins (p. 410).
Voandzeia (p. 411). Almonds (p. 414).
Note 2. Leunis lived 1802-1873. His portrait (an
illustration) faces the title page of Vol. 1. This book was
published after the author’s death by A.B. Frank, lecturer in
Botany at Leipzig University. Volumes 1-2, 1230 pages, have
no index. Vol. 3, mostly about algae, has an index. Address:
PhD, late Prof. of Natural History at the Josephinium in
Hildesheim [near Hannover, Germany] (weiland Professor
der Naturgeschichte am Josephinum in Hildesheim).
123. Neue Illustrirte Zeitung (Vienna and Leipzig). 1878. Die
Soja-Bohne [The soybean]. 6(35):10. May 26. [Ger]
• Summary: During the past three years, at the urging of
Professor F. Haberlandt, who unfortunately died all too early,
agronomic trials were carried out, in part in the experimental
garden of the Vienna College of Agriculture (Wiener
Hochschule für Boden-Cultur) and in part in various areas
of the monarchy, with several varieties of the coarse-haired
soybean (rauhaarige Soja-Bohne) (Soja hispida Mönch).
These trials yielded very favorable results and have shown
that this useful plant can flourish well in warmer Central
Europe and is worthy of being cultivated at a greater scale.
All of our pulses–which, just as an aside, are almost
completely acclimatized strangers–distinguish themselves
through a high content of important nutrients which are
not even approximately reached by the seeds of the varies
species of grains. But the soybean has these substances in
an even significantly higher degree than all of our pulses
that have thus far become naturalized; for example, the fat
content of soybeans (Soja) is nearly ten times as high as that
of our lentils or broad beans / fava beans (Pferdebohne).
Because of this especially high nutritional value, the
soybean has since long ago taken on a prominent position
among the crops of China, Japan, and a large part of Central
Asia, and it is prepared there in manifold ways, in part as a
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dish by itself or as a side dish, and in part as an ingredient in
many dishes; and, in extract form, it is almost as commonly
used as a substitute for butter and has become indispensable
like, for instance, the potato in our kitchens.
“Sooju” or soy sauce (Sojasauce) has in fact also been
brought over to Europe and is used in the finer kitchens
for the improvement of the sauce for roasts. Yet in spite of
scattered agronomic trials that were carried out in earlier
decades, and perhaps specifically because these trials were
so scattered, the plant itself never really became known here,
since for those first trials, it was specifically seeds from latematuring soybean varieties from Japan and from Southern
China which had been used in an erroneous manner and
which of course were no longer able to achieve maturity of
the fruit here, as a result of which it appeared to have been
proven that this plant could not be acclimatized to Europe.
Meanwhile, in France, in the Departements of Arlège
and Haute-Garonne, a soybean variety that was brought there
from China by M. de Montigny has been cultivated there
with good success under the name oil pea (Oelerbse) (pois
oleagineux), and Prof. Haberlandt furthermore showed that
what had already long been cultivated in South Tyrol and
known by the name “coffee bean” (Kaffee-Bohne) is nothing
other than a soybean.
“As a result of this, as well as through the results of
the many agronomic trials during the past three years, it
would now have been satisfactorily proven that at minimum
the early-maturing varieties of the soybean also find very
favorable conditions for existence in Central Europe, and that
they can certainly still be cultivated with success everywhere
that early corn is still brought to maturity.
What it is that recommends the more extended
cultivation of this plant that is so valuable, including as
fodder for our livestock, is not just the high content of
protein and fat, which lend great nutritional value that
approaches meat to the foods that are prepared from soymeal
with a pleasant, piquant flavor, but also the fact that the
cultivation of the soybean (Soja) is recommended because of
the rich yield in seeds and its remarkable resistance against
lasting drought. Because as a result of its curious tillering
(Bestockung), the plant can shade the ground well and can
sufficiently protect it against too much evaporation.
Within that context, the plant is outstanding as a result
of an excellent ability to adapt to the climatic and soil
conditions, and even a light, poor soil is sufficient for it,
upon which the cereals already could no longer flourish well.
The cultivation of the plant requires little effort or cost,
and the degeneration of the seeds is also not to be feared,
since the last cultivation trials have shown that the seeds that
have been harvested here are not only larger and heavier, but
have also become qualitatively better than the original seeds.
Finally, if the circumstance is taken into consideration
that the plant does not allow any weeds to develop and that
it has shown itself to be completely immune to attacks by

both fungi and insects, then it is easy to appreciate what great
importance this stranger may achieve among the European
crops. In what way the seeds can best be used will in fact
only be revealed once the cultivation at a large scale will
have made possible the further dissemination and use of soy
flour / meal (Sojamehl).
However, after the few cooking and tasting trials that
have already been carried out thus far, it can be said that
the soybean will find use not only as a sauce, mush (a la
polenta), puree, etc. but also, when mixed with potato flour,
as an especially flavorful and nutritious bread. And it can
also be said that the seeds will achieve great importance in
industry, such as for the production of chocolate and of a
coffee substitute.
Finally, the soybean will become of special importance
for those classes which are not allowed the regular
enjoyment of a meat diet for economic or other reasons,
since in the foods that are prepared from soymeal, they will
find a fare that is not just cheap and filling for the stomach,
but a real, strengthening food that is nearly equivalent to
meat.
An illustration (line drawing) shows a soybean plant.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. This is the earliest article seen (April 2020) in
the AustriaN Newspapers Online (ANNO) database that
contains the German word Sojamehl (soybean flour / meal,
usually made from whole soybeans), which might be used
for baking bread or pastries. This word appears in 368
different issues of these newspapers from 1878 to 1949.
Note 3. This is the earliest article seen (April 2020) in
the AustriaN Newspapers Online (ANNO) database that
contains the German word Sojasauce (soy sauce). This word
appears in 29 different issues of these newspapers from 1878
to 1944.
124. Neuigkeits Welt-Blatt (Vienna). 1878. Geschicten aus
allen Laendern: Ein neues Nahrungsmittel [Stories from all
countries: A new food]. No. 155. July 9. p. 8, cols. 1-3. [Ger]
• Summary: For those classes of the population which
cannot allow themselves the regular enjoyment of a meat
diet, a new crop is recommended that does not simply
provide an extremely cheap food, but also one that is nearly
equal to meat and really fortifying. It is the so-called soybean
(Sojabohne), a pulse that for a long time now has already
played just as important of a role in China, Japan, and
Central Asia as the potato does with us, because of its high
nutritional value.
The attempt was in fact already made here and there in
earlier decades to cultivate the coarse-haired soybean (die
rauhhaarige Sojabohne) in Europe. Just because of the fact
alone that it was specifically seeds from late-maturing plants
from Japan and China that were used for this purpose which
can no longer achieve maturity in our climate, this plant
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was considered to not be possible to acclimatize. Through
Prof. Haberlandt, though, agronomic trials were carried out
with several early-maturing varieties of the coarse-haired
soybean (Soja hispida) during the past three years, in part
in the trial garden (Versuchsgarten) of the Vienna College
of Agriculture (Wiener Hochschule für Bodenkultur) and in
part in various regions of our monarchy. These yielded very
favorable results and showed that this crop can flourish well
in warmer Central Europe and is worthy of being cultivated
at a greater scale at places where early corn is still brought
to maturity. Likewise in France, in many locations in the
Departements of Arlège and Haute-Garonne, a soybean
variety (Sojavarietät [Sojavarietaet]) that was brought there
from China by M. de Montigny has been cultivated there
with good success for many years now under the name oil
pea (Oelerbse), and also in South Tyrol, the plant that has
long been known by the name “coffee bean” (Kaffeebohne)
and cultivated there is nothing other than a soybean.
The benefits which an extensive cultivation of this plant
that is so valuable, including as fodder for our livestock,
would bring along with it are so great that they are worthy
of being made known in the broadest of circles. First of all,
the fat content of the soybean is ten times greater than that
of our lentil, and the protein content is a significant one and
lends the foods that are prepared from soy meal (Sojamehl)
an extremely pleasant flavor and a significant nutritional
value. Furthermore, the cultivation of the soybean (Soja)
is also recommended because of the rich seed yield and
its superb capability for resistance against lasting drought,
since as a result of its peculiar tillering (Bestockung), the
plant can shade the soil and can adequately protect it against
evaporation that is too great.
Within that context, the plant thrives on the poorest
soil, it gives rise to less effort and cost, and a degeneration
of the seeds is also not to be feared, since the most recent
agronomic trials have shown that the seeds that we harvested
were not only larger and heavier than the original seeds, but
also got better in terms of their composition.
Finally, if the circumstance is also taken into
consideration that the plant does not allow any weeds
to come up and that it has shown itself to be completely
insensitive both with respect to fungi and to attacks by
insects, then it will be easily appreciated what a high
importance this stranger may achieve among European
crops. In what way the seeds may best be used will in fact
only be revealed once the cultivation at a large scale has
made a further dissemination and use of soy meal possible.
However, even now, after the few cooking and tasting
experiments that have been carried out thus far, it may
be said that the soybean will find use not only as a sauce,
a porridge (à la polenta), a purée, etc., but also with the
mixing with potato flour as an especially tasty and nutritious
bread, and additionally that the seeds will also attain a
high importance in industry, such as for the production of

chocolate and of a coffee substitute.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. This is the earliest article seen (April 2020) in
the AustriaN Newspapers Online (ANNO) database that
contains the German term rauhhaarige Sojabohne (coarsehaired soybean). This word appears in 4 different issues of
these newspapers from 1878 to 1913.
125. Corroy, M. 1878. Alimentation des chevaux et mulets
importés en Cochinchine [The feeding of horses and mules
imported into Cochin China]. Bulletin du Comite Agricole
et Industriel de la Cochinchine 1:449-58. For the year 1877.
Series 2. See p. 456-58. [1 ref. Fre]
• Summary: Section 7 (p. 456-58), titled Pois noirs (Glycine
soja) [Black beans], is undoubtedly referring to black
soybeans. It was observed that they are fed to animals in
northern China, but only as a supplement to their rations. It
was found they made a better feed if they were first cooked.
M. Pierre, director of the botanical garden and of the
Mares Farm in Cochin China, found in comparing the
soybean cultivated in India and Java, and a black variety
from China, sufficient differences to justify the distinction
made by Miquel for a Soja angustifolia. The variety from
China had, in effect, a less pronounced hispid character,
with oval folioles, more often very little acuminate, and with
fruits (seeds) being larger and more flattened, less long and
more falcate or falciform.
“To sum up, we would like to see the ration of horses
imported to Cochin China established on the basis of the
chemical analysis we have given above, and that we have
borrowed, for the most part, from the book titled l’Hygiène
vétérinaire appliquée [Applied veterinary Hygiene], by Mr.
Magne.
Note: Webster’s Dictionary defines these botanical terms
as follows: (1) hispid (derived from the Latin hispidus;
probably akin to the Latin horrere, and first used in 1646) as
“rough or covered with bristles, stiff hairs, or minute spines.”
The soybean has hispid leaves.
(2) foliole (derived from the French, from the Late Latin
foliolum, diminutive of folium leaf–more at blade) as “1:
Leaflet 2: a small leaf-shaped organ or a part resembling a
leaf.”
(3) acuminate (first used in 1646) as “tapering to a
slender point.”
(4) falcate (derived from the Latin falcatus from falc-,
falx sickle, scythe, and first used in about 1726) as “hooked
or curved like a sickle.” Address: Vétérinaire en premier,
Directeur du jardin botanique et de la ferme des Mares (Head
veterinarian, and director of the botanical garden in Saigon,
and of the Mares Farm).
126. Haberlandt, Friedrich. 1878. Erste Abtheilung [Part 1,
pages 4-6 (Document part)]. In: F. Haberlandt. 1878. Die

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 85
Sojabohne [The Soybean]. Vienna: Carl Gerold’s Sohn. ii +
119 p. [4 ref. Ger]
• Summary: Page 4 begins: Even though the soybean has
already found its way to Europe several times, attempts
to cultivate it have failed completely because the seeds
were from Japan, southern parts of China, and from India.
Consequently they were late-ripening seeds. Many years
ago attempts were made to grow Soja hispida in Hohenheim
[Germany], but the plants were barely brought to a blooming
state. People also had the same experience in other places.
Dr. A. Rauch of Bamberg [Germany] (see Die Fundgrube
von Dr. A. Rauch. III. Jahrgang. Bamberg 1876), on several
occasions, received seeds of various soybean varieties from
Japan from his long-time friend, Colonel (Oberst) [Philipp
Franz] von Siebold, who died at an early age. But every trial
by Dr. Rauch was unsuccessful. The plants came up and
some even blossomed, but the blooming happened so late in
the year (starting in September) that it was unthinkable that
the seeds would ripen fully.
Mr. Carl Berndt, who was a velvet manufacturer
(Sammtfabrikant) at Hainsberg-Deuben in Saxony was also
one of the first to conduct agronomic trials (Anbauversuche)
with soybeans in Germany. He had no success. He wrote
to me about it as follows: “I had received 8 piculs of those
beans [Note: a picul is a Chinese unit of weight = 133.33
pounds] (some green and some yellow), which I obtained
through an official order of Governor (des MinisterPräsidenten) Dr. Weinlich of Shanghai via our local consul.
I sent samples of those all over with the request that the
recipient inform me of the results of his agronomic trials.
Unfortunately I have waited in vain and I assume that the
outcome was as unfavorable as it had been in my case and in
my neighborhood. Although some gardeners and I managed
to raise a few plants and harvest a few seeds, they rotted after
being replanted and therefore could not germinate.”
One type of soybean that requires warmer weather
must have been the one which was introduced to France by
M. de Montigny from China. In France it is called oil pea
(pois oléagineux) and is cultivated at several locations in
the districts of Ariège and Haut-Garonne. It is said to have
the capacity for rapid growth and resistance to drought*.
(Footnote: *Gustav Heuzé: “Les plantes alimentaires.” Paris,
p. 382, vol. 2).
During the last German-French war [Franco-Prussian
War, 1870-72, France lost], Otto Wehrhan, captain in the
artillery, found one of those acclimated soybeans in the
botanical garden of Montigny near Metz. He liked the
plant and took four or five seeds back home. On his estate
in Coswig near Meissen [in today’s eastern Germany] he
conducted an agronomic trial in 1872 and harvested 80100 seeds in the fall. He wrote me that in the year 1873 he
did the planting sooner, around mid-April, and obtained a
fairly decent harvest. In the year 1874 he discontinued the
cultivation because he had no use for the harvested beans.

Meanwhile, his neighbors became interested in the soybean,
so he decided to start growing the plant again in 1875. He
harvested 3 liters of seed, which he replanted in April 1876.
As a result of the long drought that year, the plants became
stunted and the majority of pods had not yet full ripened
when early frosts set in and destroyed the crop completely.
The quantity of seeds harvested was smaller than that sowed.
Its quality was far worse, which caused Wehrhan to give up
further trials with this variety of soybean.
Even though the soybean has already spread here and
there in the south of Austria, it still hasn’t become known
in broader circles. Thus, last summer, Dr. E. Mach, director
of the agricultural academy (Lehranstalt) in South Tyrol
[Tirol], sent me a sample of a plant which was supposed to
be already long known in that area, and it was none other
than a soybean plant. In that area it is called “coffee bean”
(Kaffeebohne) and its seeds are used for the preparation
a coffee substitute (Kaffesurrogat). Likewise, Mr. Josef
Kristan, teacher in an intermediate school in the Istrian
Peninsula (Capodistria in Istrien), reported to me that he had
discovered that the soybean could already be found in Istria
and its seeds are used as a coffee substitute.
Note: This is the earliest document seen (Dec. 2020) that
mentions the Istrian Peninsula. Most of Istria (or the Istrian
Peninsula) is in today’s Croatia, some of it is in today’s
Slovenia, and a small portion of it (basically the city of
Trieste) is in Italy.
A friend of his assured him that there wasn’t any
difference between these and real coffee. He also received
several seeds from Albona [named Labin as of 2020; a
commune in western Croatia, on the Istrian Peninsula,
21 miles northeast of Pula], where people grow it from
time to time in their gardens without knowing its value.
Acquaintances of his stated as well that they had seen the
same plant in Dalmatia and in southern Italy. All of the
above information only came to my attention after I had been
conducting soybean agronomic trials for two years. I had
been in correspondence with the authorities mentioned above
in order to send them small samples so that agronomic trials
could be continued at other locations as well.
The soybeans which I had used in my first tests in 1875
had been acquired at the Vienna World Exhibition in 1873,
and were in part from Japan and China, and in part from
Mongolia, Transcaucasia, and Tunis [p. 6; later renamed
Tunisia]. There were, in total, no less than 20 types (Sorten)
as follows (table): Five yellow-seeded, three black-seeded,
three green-seeded, and two brownish-red-seeded varieties
from China. One yellow-seeded and three black-seeded
varieties from Japan. One black-seeded variety from TransCaucasia. And one green-seeded variety from Tunis.
During the first year of trial (1875) it had already
become apparent that among those were several types
that could be recommended for further agronomic trials
because they ripened early. Among these were yellow-

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 86
seeded varieties from both Mongolia and China, and a
reddish-brown variety from China. One black variety each
from China, Japan, and Transcaucasia ripened poorly. The
remaining varieties either didn’t bloom at all or only started
to bloom in the late fall. Still others developed only a small
number of unripe or poorly ripened pods with stunted grains
that couldn’t germinate.
Note 1. This is the earliest document seen (April 2020)
concerning soybeans in Tunis (Tunisia). This document
contains the earliest date seen for soybeans in Tunisia (1873).
The source of these soybeans in unknown.
Note 2. If soybeans from Tunis were displayed at the
Vienna World Exhibition in 1873, they were almost certainly
a crop of some importance in Tunis at that time; that means
they were almost certainly cultivated in Tunis by 1873. If
that is true, this document contains the earliest known date
for the cultivation of soybeans in Tunisia (1873)–yet we
cannot be sure. See letter from Johann Vollmann on 2 March
2010 to Shurtleff. Address: Hochschule fuer Bodencultur,
Vienna, Austria.
127. Hance, Henry Fletcher. 1878. Spicilegia floræ sinensis
[Gleanings of Chinese flora]: Diagnoses of new, or habitats
of rare or hitherto unrecorded Chinese plants. J. of Botany,
British and Foreign (London) 16:103-14. See p. 105.
• Summary: “11. Glycine (Leptocyamus) tomentosa, Benth.
In agro Amoyensi, October 1857, ipse legi; ad sinum Ta-lienwan, Manchuriae, Julio 1860. coll. R. Swinhoe.
“12. Glycine (Leptocyamus) tabacina, Benth. In
graminosis insulae Tai-tan, prope Amoy, m. Maio 1866,
invenit Sampson. Not hitherto recorded from China, though
found in some of the South Pacific isles.” Address: Member
of the Imperial Academy Naturae Curiosorum, UK.
128. Podoba, Ivan Grigor’evich. 1879. Iz zametok po
opytam kul’tury novovvodimykh v Novorossiyskom krae
rastenii. D. Kormovaia trava [Notes on experiments of newly
cultivated plants in the Novorossiysk region of southern
Russia. IV. Crops cultivated for use as livestock feed].
Zemledel’cheskaya Gazeta. No. 7. p. 103-04. Feb. 17. [Rus]
• Summary: The writer begins by listing 8 fodder plants that
are of potential interest in Russia.
I planted the following fodder plants:
1. Alfalfa
lucerne–Medicago sativa
2. Common sainfoin–Onobrychis sativa
3. Common kidneyvetch–Anthyllis vulneraria.
4. Sanguisorba minor–Poterium sanguisorba
5. Red clover–Trifolium pratense
6. Crimson clover or italian clover–Trifolium
incarnatum
7. Seradella–ornthopus spp.
Spergula arvensis–Spergula maxima
He then briefly discusses 6 other such plants, including

the soybean (p. 104): Soja hispida is an eastern plant, which
has an exceptional capacity to endure drought. But–most
importantly–it has the highest crop capacity and its seeds the
best nutritional value compared to our bean plants.
Also discusses Lallemantia iberica.
Note: Translated by Shelley Fairweather-Vega, Seattle,
Washington. Address: Tavricheskaya Governorate, Russia [in
Crimea and parts of Southern Ukraine as of 2020].
129. Grazer Volksblatt (Graz, Austria-Hungary). 1879.
Volkswirtschaftliches. Die Soja-Bohne [Agriculture. The
soybean]. 12(55):6. March 7. [Ger]
• Summary: The bean is a plant with rectangular, straight,
hollow stems and juicy leaves; it blossoms with flowers of
different colors and forms thick pods with large seeds. [The
paragraph goes on to discuss different types of beans and
their uses.]
In more recent times, the soybean (Soja-Bohne) or
Chinese oil bean (chinesische Oelbohne) (Soja hispida
Mönch) has become especially famous. A certain Professor
Haberlandt discovered this bean at the Vienna World
Exhibition (1873) among the products that were being
exhibited from China and Mongolia and selected it for trials
in our climate. Since that time, many trials have already been
carried out with this bean, in particular with the “yellow
early maturing” (Mongolian) and “reddish-brown early
maturing” (Chinese) soybean, and in the process it has been
found that it has a greater value for the nutrition of humans
and animals than the local varieties for food and feed. The
soybean is also extolled as a bean for coffee (Kaffee-Bohne).
As it says in the magazine Natur [Nature], we
are otherwise in the habit of being very cool with the
introduction of new crops, because lengthy experience has
taught us that as a rule, one goes to work with oversized
faith and then the much praised object soon fades away
just as quickly as it arrived. But things seem to be different
with the soybean. In 1875, the first soybeans were sown in
Austria-Hungary in the experimental garden of the ImperialRoyal College of Agriculture in Vienna (k. k. Hochschule für
Bodencultur in Wien). In 1876, the number of participants
in the agronomic trials was limited to seven, but in 1877
it climbed to 160 and the stock of seeds that has been
accumulated is already so big that in 1878, it was possible
for the agronomic trials to be continued by thousands of
farmers. In actuality, Professor Friedrich Haberlandt praises
the great nutritional value of the soybean, which far exceeds
that of all other seeds and fruits of our area of cultivation,
its good taste, its astounding fertility which has never failed
in suitable locations, its resistance to low temperatures and
drought, its complete freedom from parasitic animals, and
finally its adaptation to soils and climate. That is in fact
already enough to draw the greatest attention to the soybean.
This plant belongs to both Central Asia and China and Japan,
from which, as it appears, it already came repeatedly to
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Europe to us without gaining acceptance. Outside of China
and Japan, it was also observed on the Amur River, where
the botanist Maximovicz [Carl Johann Maximovich] found
entire fields covered with it at the upper reaches of the river.
The same was true on the Ussuri River, on the Molucca
Islands, and so on. On the latter islands, it is supposedly
cultivated during all seasons of the year and subsequently
blossoms and forms fruit throughout the entire year, even
though it flourishes best in the cooler season. It consequently
has a very regular branching and a lovely pyramidal shape.
It likewise grows leaves very abundantly by developing a
large number of lateral branches and handsome trifoliate
leaves appearing on short stems. It is extremely characteristic
through the dense, reddish brown hairs on the surface of not
only the leaves, but also of the branches and the stem. Some
varieties, such as those with pale yellow and reddish brown
seeds, take on a stiff, upright growth; depending upon the
favorability of the soil and the weather, the only slightly
turned stem grows to a height of half a meter to a meter and
higher. Other varieties, such as those with the black seeds,
reveal the tendency to wind around, even though with their
stiff growth, they need support less than pole beans.
The setting of blossoms, which is always abundant,
begins with the early varieties that were planted toward the
beginning of May as early as the second half of June and
lasts through late summer. All of them have a short-stemmed
blossom bud from the leaf joint, not only from the main
stem, but also at its first branches. The blossoms themselves
are inconspicuous, whitish purple or pale violet. The seeds
are egg shaped and with some varieties are pressed together
into a kidney shape.
It is a remarkable plant, the introduction of which to
us appears to have been successful and then in any case has
opened up the prospects of a new change in our vegetables.
The beans of the soy (Die Bohnen der Soja) have such
nutritional energy that they even seem to be at the outset of
starting up competition with our own beans. According to
the results that are available, particularly with the yellow
and red soybean (Footnote: To be obtained from Theodor
Fellmann, Reitschulgasse no. 22, Graz, as indicated with
the advertisement in the Volksblatt issue no. 45 of February
23 of this year), that can only be beneficial. (Editor’s note–
There have also been misgivings that have been voiced both
against the high capability for yield at all, since the plant
requires proportionately too much space, and against the
certainty of maturation in our climate.)
Note: Translated by Philip Isenberg (MM, CT), Long
Beach, California.
130. Hecke, W. 1879. Preussische Provinz Schlesien:
Proskau [Prussian Province of Silesia: Proskau]. Wiener
Landwirthschaftliche Zeitung (Vienna) 29(10):98. March 8.
[Ger]
• Summary: Klein-Tinz bei Domslau (Breslau District)

(today’s Tyniec Maly near Domaslaw, county of Wroclaw,
Poland). Agricultural Inspector (Oekonomieinspector)
Th. Scholtz reports in Landwirth, 1879, no. 3 that the s.
[soybean?] has proven itself to be thoroughly well suited to
the climatic conditions there. Sown at different times from
April 20 to May 20, the first sowings did not perceivably
suffer from frost that occurred, while in comparison, beans
that had been planted froze.
Proskau (today’s Prószków, Poland). The agricultural
councilor [Oekonomierath] Mr. F. Schnorrenpfeil,
administrator of the imperial Domaine Proskau, reports
(Der Landwirth, 1879, no. 16) that with seeds of yellow
and brown S. [Soybeans?] which were obtained from
Prof. Haberlandt in 1876 and since that time have been
reproduced, a trial was already set up there in the open
field, and in Proskau, 3.53 ares with a dry, low in humus,
coarse-grained gravel soil and in Schimnitz (today’s Zimnice
Wielkie or Zimnice Male, Poland), 2.27 ares on Oder alluvial
soil with soil of the best kind, one seed was sown with a seed
drill at each planting site at both locations at 47 centimeters
and 15 centimeters, which for Proskau was at best a proper
growing space but for Schimnitz was a growing space that
was around half too small. The sowing in Proskau was on
April 15 and in Schimnitz on April 28. During the night of
May 9 to 10, it got down to -2.5º C. Potatoes in Proskau
froze all the way to the ground. But the soybean plants
(Sojapflanzen) stayed green and continued to grow. Later on,
they also withstood intense drought on that small amount of
land. Rabbits and mice loved the plant, and the sheep also
insisted upon nibbling on the green leaves. Cutting with a
sickle began around September 14 and was ended on the
25th. The S. [soybeans?] stood in sheaves (Puppen) until
October 1, on which day they were reaped. Proskau delivered
72.5 kilograms of seeds, and therefore 20.53 Meterzentner
[2,053 kg] per hectare, and Schimnitz 50 kilograms, and
therefore 22.02 Meterzentner [2,202 kg] per hectare. The
weight per hectoliter rose with respect to the seeds that had
been obtained from Vienna, as it amounted to 76 kg, as
did the weight of the individual seed, which weighed 238
milligrams on average (2.5 times more than the original
Chinese seeds and 1.6 times more than the seeds from
Vienna). The protein content and fat content also increased in
1878, since Dr. Weiske found, admittedly with a lower water
content than with the aforementioned analyses:
A table follows with the three columns: protein, fat
(including an entry “Not yet determined”) and water. The
four rows are: Brown in Proskau, Brown in Schimnitz,
Yellow in Proskau, and Yellow in Schimnitz.
The brown soybeans in Proskau contained 35.44%
protein, 20.16% fat and 3.81% water.
The yellow soybeans in Proskau contained 41.44%
protein, 18.84% fat and 4.54% water.
The straw and the pods were fed to the sheep and
everything was gladly consumed with the exception of the
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strongest parts of the stems. In 1879, 6 hectares are to be
planted with the S. [soybean?], with 1 seed every 0.1 square
meter, and thus 20 to 24 kilos per hectare.
Prof. W. Hecke
Note 1. Proskau is German for Proszkow, a town in
Opole County in southwestern Poland. The town is located
in the historic Upper Silesia region, about 10 km (6.2 mi)
south of Opole. Schlesien is German for Silesia. From 1742
to 1945 it was in the eastern part of Germany and was a
Prussian province. Today its capital is Warsaw (Wroclaw).
Note 2. This is the earliest article seen (March 2020)
in the AustriaN Newspapers Online (ANNO) database that
contains the German word Sojapflanzen (Soybean plants).
This word appears in 9 issues of these newspapers from 1879
to 1971.
Note 3. Translated by Philip Isenberg (MM, CT), Long
Beach, California. Address: Prof. [Vienna].
131. Societe des Sciences, Agriculture et Arts de la BasseAlsace, Bulletin Trimestriel. 1879. Communìcation de M.
Wagner sur la fève Soya [Mr. Wagner’s communication on
the soybean]. 13(2):183-84. [Fre]
• Summary: Concerning various communications, Mr.
Wagner submits to the Society some soybeans (fèves soya)
that he harvested last year in his garden. This plant, that
the Botanical Garden of Strasbourg (Jardin botanique du
Strasbourg) has possessed for almost 50 years, is of Chinese
origin, has been known as a forage plant in Europe only
since the Vienna Exposition of 1873, when Dr. Haberlandt
first cultivated it and obtained some unexpected results. The
tests made on a large and small scale rapidly yielded such
favorable results that the newspapers in Austria could not
recommend enough the cultivation of this plant. Here are the
advantages that are found in this new legume, whose seeds
are smaller than ordinary peas but resemble them, except for
the color, which is quite variable: some are yellowish green,
some red (des rouges), some white, and some even black.
Their yield is superior to that of all other legumes;
they bear up to 200 pods per stem, and each contains 2 or
3 beans. The beans, the hay, and even the straw distinguish
themselves by an extraordinary richness in nourishing
principles. They resist the drought of summer as well as
frosts; they succeed in all soils, but do better in light soils
than in clay, and recommend themselves because of this to
relatively poor terrains. One must especially avoid freshly
manured soil. By its beans as by its stem and leaves, the
soybean promises a forage of the first order. It should be
sown from April 15-20, in rows spaced 40-50 cm apart
with 40-50 cm between beans in each row. One lone bean
would suffice, but it is more prudent to plant two. Bury
them about 4 cm deep; there is no need for support, the stalk
being strong and rigid. It ripens in the end of August and
September. According to an agricultural journal of Breslau,
here is the chemical composition of the soybean, that,

compared to other legumes, shows an extraordinary richness
in protein and fat: A table compares soybeans, lentils,
vetches, lupins, and peas according to their content of water,
nitrogenous materials (Matières azotées, protein), fat, starchy
material [carbohydrates], cellulose, and ash.
Mr. Buchinger wonders if this legume, of Indian rather
than Chinese origin, is really suited for our climate in Alsace.
Mr. Wagner makes the observation that up to now
the soybean has succeeded well in Austria, and that in
1878 he was unable to plant his seed until mid-May and it
nevertheless ripened completely.
After this communication, Mr. Wagner distributes to
various members a certain quantity of this bean, the product
of his last year’s harvest, so that each can try some.
Note 1. This is the earliest French-language document
seen (Dec. 2002) with the word “Soya” in the title.
Note 2. This is the earliest French-language document
seen (Dec. 2020) that uses the term Matières azotées to
refer to nitrogenous materials / proteins in connection with
soybeans.
Note 3. This is the earliest French-language document
seen (Oct. 2004) that mentions red soybeans.
Note 4. This is the earliest French-language document
seen (Dec. 2014) that mentions the work of Dr. Friedrich
Haberlandt with soybeans.
Note 5. In 1871 Prussia annexed Alsace and Lorraine
from France as it formed the new Unified German Empire.
Nevertheless, this document (in 1879) was published in
French. Address: Alsace.
132. Journal de la Societe Centrale d’Horticulture de
France. 1879. Procès-verbaux. Séance du 25 Septembre
1879 [Verbal proceedings. Meeting of 25 September 1879].
1:560. Third Series. [Fre]
• Summary: Mr. Jamin (Ferd.) is presiding. The meeting was
called to order at 2 o’clock. The verbal proceedings of the
last meeting were read and adopted.
The president proclaimed, after a vote of those present,
the admission of one new member who had been presented at
the last meeting; no opposition was raised.
The following objects were deposited on the desktop (le
bureau).
1. From Mr. Alphonse Lavallée, Secretary-General of
the Society and landowner at Segrez (in Seine-et-Oise),
soybean (Soja hispida Moench) seeds, a legume with edible
seeds that is commonly grown as food in China, Japan and
India, but is little known in France. This plant is remarkable
for its abundant production. Its seeds are edible–either fresh
and only partially developed, or fully matured and dried.
Mr. Lavallée grew them side by side with haricot beans
(Haricots) and observed that both plants went through the
same growth stages. He believes that the soybean (Soja)
deserves special attention due to its excellent qualities,
the abundance it produces and its resistance to drought.

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 89
He requests that the Committee of Kitchen-Garden Crops
(Comité de Culture potagère) prepare a soybean dish using
the same preparation as is used for flageolet beans (Haricots
Flageolets) in order to determine the value of this new
vegetable.–The Committee’s secretary announces that this
test will be completed, and the results will be presented to
the Society during its next meeting.–Upon recommendation
by the Committee, a Third Class Prize is awarded to Mr.
Lavallée for this presentation. Address: Etampes, France.
133. Attems, Heinrich. 1879. Die Sojabohne [The soybean].
Hamburger Garten- und Blumenzeitung 35:205-07. [1 ref.
Ger]
• Summary: A great deal has already been written and
printed about “soybeans” (die “Soja”). Nevertheless, the
questions continue to arise, “How are they to be cultivated?”
“How are they eaten?” “When all is said and done, what are
they actually for?”
For those who wish to be more precisely educated, I
would make reference to the report by the late Professor
Haberlandt* (Footnote: *See Hamburger Gartenzeitung,
1878, p. 238. The editors), Die Sojabohne [The Soybean],
Vienna: 1878, C. Gerold’s Sohn. But for those who would
be satisfied with a few indications, I am taking the liberty of
providing that which is essential below in brief form.
Cultivation (Culture): The early-maturing varieties
flourish everywhere that corn still bears good seeds, and
in fact the region of the yellow Mongolian goes beyond
the corn region. For the southern climate (such as Görz)
[today’s Gorica, in Slovenia], the black Chinese variety
is most suited, it is the most capable of producing a crop.
For the wine-growing and corn regions, the brown and the
yellow are equally as good, and the latter even still flourishes
correspondingly at the higher and more northerly locations
when the black does not ripen.
Its culture is in general similar to that of the bush bean,
it is cultivated in fields and without poles. What it best
accepts is a deep, humus-rich, sandy loam soil that lies
warm, which is in the second or third position in the crop
rotation, and was well loosened. It may not be too poor in
nutrients, but no fresh rotted manure! In addition, it is not
very demanding at all and does not suffer much, even if
the soil conditions do not completely achieve this ideal.
Soybeans require light and sun, and therefore they cannot be
cultivated advantageously as an intercrop (in vineyards or
cornfields), and they cannot be shaded by adjacent cultures.
Planting Time: Early May in southern Austria, even
late April, but it is hardier than many beans, and even a not
too severe late frost does not damage it very much. It must,
however, be avoided to plant them with too little soil heat
(Bodenwärme), since it is known that all legumes will rot in
that case.
Sowing Distance: Depending upon the richness of the
soil–in rich soils at 50 cm in formations (four plants in one

square meter), in poorer soils, less so (35, 30, or 25 cm), but
this is the case only with very mediocre soils, since nothing
does more damage to the maturation and the yield results
than too dense of a position. It goes without saying that
the rows can also be kept further apart, such as 60 cm, and
position the plants can be placed more closely within the
rows, such as 40 or 30 cm. Two beans are planted in each
position, and only one is allowed to develop.
Sowing Quantity: Consequently twenty to fifty
kilograms per hectare. A seventy to 200-fold yield can be
counted upon, but on average 100-fold. It accepts massive
wetness, but it even tolerates drought rather well. Even if it
has fallen behind during the dog days because of dryness,
it quickly catches up if the temperature falls and the
precipitation becomes more plentiful.
Harvest: In the south in August; in the wine climate in
early September, on the borders of the corn region in late
September, even later further north. They are left to mature
well in the field, and it doesn’t harm anything if the tops that
have not lignified [become woody] succumb to a little frost,
no damage occurs from this to the bean seeds. They are then
brought under cover into an airy, dry place and allowed to
ripen in the pods for a long time on the straw. That is the
main thing for attaining fully ripe, hard seeds that are very
capable of sprouting.
Use Value: It is just as much off the mark if it is alleged
that the “soybean” is only a very productive fodder plant as it
is if one believes that it is a delicacy for the fine table, a view
that has great dissemination today since the praise of it was
so powerfully successful. The “soybean” was so perfectly
invented for the great mass of consumers that are of little
means, for the farmers and laborers, and it is also an ancient
Asian culture plant, and thus thankful future generations will
without a doubt call it the “Haberlandt bean” (HaberlandtsBohne) and greatly appreciate it. It will very soon stand
equally side by side with the potato, corn, and the broad bean
and perhaps outshine the latter, because it contains 30% more
protein and a full six times as much fat as the common broad
bean and is hardier and higher-yielding than it.
Preparation: They are prepared for human consumption
as follows: they are most easily boiled and, just like dried
beans, prepared au gratin as a vegetable, or else treated as a
salad. In that regard, though, it must be noted that it is very
difficult to boil them until tender, and therefore they must be
presoaked for at least 24 to 48 hours. In that way, they will
then taste the same as any good bean. The observation was
made to me from many sides–namely, from the Czernovitzer
Landwirthschafts-Gesellschaft [Czernowitz Agricultural
Society (a town in Austria-Hungary, after 1944 in Western
Ukraine)]–that they are not to be boiled until tender. I
presented this problem to my cook for a solution and can
assure that I now have tender soybeans on my table.
Furthermore, they are superbly suited as a paste, for
instance, the same as pureed peas. These are my experiences
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thus far, but there should also be the possibility to conserve
such a paste (the miso of the Japanese) mixed with additional
ingredients for a long time for winter needs–for the
provisioning of ships and in receptacles.
Once this kitchen secret can also be discovered, then
this conserve may play a great role for our rural workers–in
the field and beyond–for tree cutters, and furthermore for our
army, navy, etc.
It goes without saying that a great future also awaits the
soybean as a fodder plant at the point when it has multiplied
to such an extent that the seeds for such a purpose will not
be too expensive. No other legume is so rich in protein and
fat and therefore so nutritious–and also so high-yielding: not
lupine, not broad beans, not sweet peas.
The dry straw can be used for sheep and as litter,
although I cannot recommend its use as green fodder since
we have better things, but it can also be used for that.
These are briefly the essential things about Haberlandt’s
bean, the much-praised “soybean.”
May this valuable acquisition of humanity always be
taken advantage of for greater distribution! Such “new
additions” are a blessing for agriculture and for the various
peoples. I therefore consider it to be a task of the state to
tremendously support the rapidity of its distribution. One
year of an earlier or later increase in the crop harvest is not
immaterial. For three years, my seed culture station has
brought them into all of the valleys of Austria, but those are
just a few drops. The tremendous means of the state have to
bring a nurturing rain; the embassies and consulates should
take responsibility for that. I have already repeatedly stated:
farmers and livestock breeders would be the best diplomats
for Austria. In economic terms, we would soon be shaking
hands with both the Orient and the Occident.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. “It accepts massive wetness.” Address: Count
(Graf), St. Peter near Graz [Styria, Austria].
134. Baker, J.G. 1879. Leguminosae. In: J.D. Hooker, ed.
1879. Flora of British India. Vol. 2. London: L. Reeve & Co.
792 p. See p. 56-306. Soy on p. 183-84. [8 ref]
• Summary: An early reference to the soybean as
Glycine Soja. Under the order Leguminosae, suborder I
is Papilionaceae. Under that, Tribe VIII is Phaseoleae.
Subtribe I, Glycineae includes the genus Glycine, which
has: “Stamens monodelphous. Stipules and bracts minute
caducuous. Anthers uniform, all fertile (p. 59).
The genus Glycine, Linn. (p. 183-84) contains 3 species:
(1). G. javanica, Linn. Found on the plains of the Western
Peninsula [of British India] and Ceylon. Distribution:
Tropical Africa, Natal [in today’s South Africa], and Java.
(2). G. pentaphylla, Dalz. Found in Khasia.
(3). G. Soja, Sieb. & Zucc. Found in: “Himalayas,
tropical region; Kumaon to Sikkim, Khasia and Ava, often

cultivated. Distrib. East Asia.
“Stems suberect or climbing upwards, densely clothed
with fine ferruginous hairs. Leaves long-petioled; leaflets
membranous, ovate, acute, rarely obtuse, 2-4 inches long.
Calyx ¼ inch, densely hairy. Corolla reddish, little exserted.
Pods usually only 2-3 developed in the axil of each leaf,
linear-oblong, recurved, densely pubescent, 1½-2 inches by
1/3 to 3/8 inches, 3-4 seeded, subtorulose.”
Note 1. Talk with Ted Hymowitz, Prof. Emeritus of
Plant Genetics, Univ. of Illinois. 2007. Nov. 20-21. Did
Baker see the annual wild soybean (Glycine soja Sieb. &
Zucc.) or the annual cultivated soybean (Glycine max)? Ted
is an expert on wild soybeans, and in Oct. 1967 he collected
30 annual cultivated soybeans, grown by farmers in the
Kumaon Hills region of northern India in the foothills of
the Himalaya Mountains at altitudes ranging from 3,600 to
7,500 feet (Hymowitz 1969). Over 90% of these cultivated
soybeans were black seeded, with relatively small seeds and
a procumbent habit of growth (they trailed along the ground).
Ted thinks that Baker probably saw annual cultivated
soybeans but mistook them for annual wild soybeans. Why?
(1) The soybeans Baker saw were being cultivated, in much
the same way as the ones Ted saw in India; annual wild
soybeans are (as far as Ted knows) never cultivated because
they are almost never used for food; the seeds are too small.
(2) The soybeans Baker described in northeast India appear
to be very similar to the ones Ted saw in northwest India.
Ted knows from experience that Glycine Soja and the
Glycine max he saw in India look remarkably similar. (3) It
was partly a taxonomic problem. The taxonomy of the genus
Glycine was a mess at this time. If you read F.J. Hermann
(1962, “A revision of the Genus Glycine and Its Immediate
Allies”) you will see that Hermann stated that Glycine
soja could be considered synonymous with Glycine max in
the much of the early literature because of the taxonomic
confusion. Therefore Baker (1879) basically found the
annual cultivated soybean in north east India (as well as in
the Kumaon Hills and Ava in Burma).
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in north east India or the cultivation
of soybeans in north east India. This document contains the
earliest date seen for soybeans in north east East India, or the
cultivation of soybeans in north east India (1879). The source
of these soybeans is unknown, but they may have come from
southwestern China (Sichuan province), along the valley
of the Brahmaputra River into Assam, and thence into the
Khasia Hills [Khasi Hills] (in today’s Meghalaya; they rise
from the Brahmaputra Valley in Assam) and the Naga Hills
(in today’s Nagaland; they rise from the Brahmaputra Valley
in Assam). Or the soybeans may have come into North East
India from Upper Burma to the west (see “Ava” below).
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in Sikkim of the cultivation of soybeans
in Sikkim.
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Note 4. This is the earliest document seen (March 2021)
which states that soybeans grow in Khasia [The Khasia Hills
/ Khasi Hills]. These hills are largely in today’s north east
Indian state of Meghalaya. Therefore This is the earliest
document seen (March 2021) concerning soybeans in
Meghalaya.
Note 5. This is the earliest document seen (March 2021)
that mentions “Ava” in connection with soybeans. Judging
from the context and research on the geography of the area,
Ava probably refers to a ruined city on the Irrawady River,
Sagaing division, Myanmar [Burma], 6 miles (10 km)
southwest of Mandalay. It was the capital of Burma, on and
off for 400 years, the last time being 1823-1837. Ava is about
300 miles southeast of the Khasi Hills.
John Gilbert Baker, lived 1834-1920. Address: F.L.S.,
Keeper of the Herbarium, Royal Gardens, Kew, England.
135. Hooker, Joseph D. ed. 1879. The flora of British India.
Vol. 2. Leguminosae. London: L. Reeve & Co. 792 p. See p.
183-84. Section on soybeans by J.G. Baker. A reprint edition
was published in 1973 in Dehra Dun, India.
• Summary: “3. G. Soja, Sieb & Zucc. Fam. Nat. Fl. Jap.
11; stems stout suberect, leaflets 3, racemes few-flowered
congested sessile, calyx-teeth long sataceous, pods broad.
Benth. in Journ. Linn. Soc. viii. 266. 247. Dolichos Linn.;
Roxb. Fl. Ind. [Roxburgh’s Flora Indica]. iii. 314. Soja
angustifolia, Miq[uel]. Fl. Ind. Bat. i. 223.
“Himalayas, tropical region; Kumaon to Sikkim,
Khasia and Ava, often cultivated. Distrib. East Asia. Stems
suberect or climbing upwards, annual, densely clothed with
fine ferruginous [rust-colored] hairs. Leaves long-petioled;
leaflets membranous, ovate, acute, rarely obtuse, 2-4 inches
long. Calyx ¼ inches, densely hairy. Corolla reddish, little
exserted [i.e., little projecting beyond an enclosed organ or
part]. Pods usually only 2-3 developed in the axil of each
leaf, linear-oblong, recurved, densely pubescent, l½-2 inches
by 1/3–3/8 inches, 3-4 seeded, subtorulose.”
Note: This is the earliest English-language document
seen (Nov. 2002) that uses the world “climbing” (or “climb,”
“climber” or “climbs”) to describe any type of soybean
plant–in this case the wild annual soybean, Glycine soja.
Prain (1903, Introduction) notes of this pioneering book:
“The completion of the Flora of British India, which for
over a quarter of a century (1872-97) absorbed much of the
attention of Sir Joseph Hooker, who has written the greater
portion and edited the whole of that masterly work, marks
the end of a period in the history of Indian botany.” Address:
Sir, C.B., K.C.S.I., M.D., F.R.S.,... Hon Member of the
Asiatic Society of Bengal, India & England.
136. Pickering, Charles. 1879. Chronological history
of plants: Man’s record of his own existence illustrated
through their names, uses, and companionship. Boston,
Massachusetts: Little, Brown, and Co. 1222 p. See p. 763.

[10 ref]
• Summary: In the section titled “Chronological arrangement
of accompanying animals and plants,” at the year 1296 A.D.
we read: “Soja hispida of Japan. Enumerated by the Chinese
official 141 as unknown in Cambodia:–’miso’ beans are
mentioned in 1444 in the annals of the Japanese emperors
(transl. Tits. [Titsingh / Titsing] and Klaproth); were
observed by Kaempfer v. 837, and Thunberg, under frequent
cultivation near Nagasaki and elsewhere; are known to be
made into the condiment called ‘soia’ (Pers.) in English soy;
also into a white porridge [tofu] in general use among the
Chinese and called by them ‘teu hu’ or ‘tauhu’ (Loureiro).
Westward, S. hispida was observed by Mason in Burmah;
by Roxburgh, and Graham, in the gardens of Hindustan.
Transported to Europe, it is described by Jacquin rar pl. 145”
[Icones plantarum rariorum].
Note 1. This may be the earliest document seen (Nov.
2020) concerning soybeans in Burma (later renamed
Myanmar), or the cultivation of soybeans in Burma. This
document may contain the earliest date seen for soybeans in
Burma, or the cultivation of soybeans in Burma (1879). The
source of these soybeans is unknown. However, as of Nov.
1920 we have been unable to find verification for Pickering’s
statement about Mason in the writings of Francis Mason.
Finding the earlier citation by Mason may allow us to push
back this date.
Note 2. This is the earliest English-language document
seen (April 2013) that uses the word “tauhu” to refer to
Chinese-style tofu. Address: M.D., Boston, Massachusetts.
137. Herzberger (Konr.). 1880. Die Soja-Bohne [The
soybean (Ad)]. Feldkircher Zeitung (Vorarlberg, AustriaHungary) 20(9):3, col. 2. Jan. 31. [Ger]
• Summary: This variety of bean which is recommended by
Professor Haberland [sic–Haberlandt] and which originates
from China surpasses every other type of bean in that the
beans possess a very high content of nutrients and have a
very pleasant flavor. They also deliver a very high yield,
since the bushes provide an average of approximately
two hundred pods with two to three seeds each. The straw
also contains a high level of nutrients and is very greedily
consumed by livestock.
Furthermore, it is resistant against drought and late
frosts, and it thrives even better in light soils than in rich
ones. The requirement for sowing seeds is very low, since
only one seed needs to be planted at a distance of fifty
centimeters. It also requires little work, since after hoeing a
single time, no more weeds come up under the plants since
they spread out very quickly.
The undersigned will provide seeds of this as long as
supplies last for a half kilo per kilo at 65 Austro-Hungarian
kreuzer [sic–65 kreuzer per half kilo?], 100 grams at 30
kreuzer.
Konrad Herzberger
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Seed Dealer and Retail Nursery
in Dornbirn an den Sägen [Dornbirn at the Sawmills,
today’s Dornbirn, Austria]
At the same time, I would like to recommend my
extensive stock of flower seeds, vegetable seeds, and
agricultural seeds, as well as clover and grass seeds, with
genuineness and germination guaranteed. With best regards,
The Aforementioned
Note: Translated by Philip Isenberg (MM, CT),
Long Beach, California. Address: Samenhandlung &
Handelsgaertnerei in Dornbirn a.d. Saegen.
138. Znaimer Wochenblatt (Znaim, Austria-Hungary). 1880.
Tagesneuigkeiten [News of the day]. 31(7).4-5. Feb. 14. p. 5,
cols. 1-2. [Ger]
• Summary: The soybean (Soja-Bohne): This variety of
bean that is recommended by Prof. Haberlandt and which
originated in China exceeds every other type of bean in that
the beans possess a very high content of nutrients and have
a very pleasant flavor. They also deliver a very high yield,
since the bushes provide on average around 200 pods with
2 to 3 seeds each. The straw also contains a high degree of
nutrients and is very eagerly eaten by livestock. Furthermore,
it is resistant to drought and late frost and even thrives in
light soils better than in rich (fett) ones. The requirement for
sowing seeds is very low, since only one bean needs to be
planted at a distance of 50 cm. It also requires little work,
since after hoeing a single time, no more weeds come up
under the plants since they spread out very quickly.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. Znaim is the German name for Znojmo which
today is a major town in the South Moravian Region
of the Czech Republic, the administrative capital of the
Znojmo District. It is the historical and cultural centre of
southwestern Moravia. A city in the south-central Czech
republic, on the Dyje River, southwest of Brno, it is near the
Austrian border.
139. Postelt, A. 1880. Dalji pokusaji “sojom”* [Further
attempts with soybeans]. Gospodarski List (Farmer’s
Newspaper, Zagreb, Croatia) 28(4):26-27. Feb. 20. [Cro]
• Summary: A footnote (p. 26) referring to the title states:
“In accordance with the statement we have repeated so often,
that soybean trials need to be continued, we are publishing
this report of soybean trials kindly received from Mr. Postelt,
who also sent several nice treatises to the German journals.”
“In 1875 the late professor Haberlandt proved with trials
in the experimental fields of the agricultural faculty [Vienna],
that soya (soja [the soybean]), the most important legume in
East Asia due to its good yields and high nutritional value,
also has in our climatic environment, the required minimum
conditions for good growth.
“From that year onward, soybeans began to be planted

in all Austro-Hungarian crown lands, demonstrating that
Haberlandt was not unrealistic in hoping that soya would
establish itself and maybe become one of the leading
agricultural crops in our country.
“Also this report of successful trials with soya in
our country hopefully will be of interest to the readers of
Gospodarsky List and stimulate further testing.
Trials included in this report are from the years 1878
and 1879. These two years, during which there were
extremely different weather conditions, are very appropriate
to demonstrate how this crop adapted itself to cold, moist
weather on the one hand, and to hot, dry conditions on the
other.
“In the spring of 1878 I received soybean seed samples
from 3 donors. First, 100 seeds of an early Mongolian variety
from Prof. Haberlandt, who has regretfully passed away.
Second, 100 seeds of the same kind from a seminary at St.
Peter near Graz. And third, 100 brown seeds of Chinese
origin sent by a friend in Lower Austria; these were seeds
from his own harvest from a sample he had obtained a year
earlier from Prof. Haberlandt.
“Due to the small number of seeds, I decided to start
the trial in our own garden in a place which had not recently
received manure, but still had good fertility power. The
texture of this alluvial soil on undrained subsoil belongs to
heavy loamy clay. In the fall before sowing I cultivated the
plot and the next spring, in March, I leveled it. On 1 April
1878 soybean seeds were planted, one seed at a time, 35 cm
apart, so that the yellow soybeans covered 25 square meters
and the brown soybeans 12 square meters.
“Almost every seed emerged after 3 weeks; young
plants were hoed twice, carefully surveyed, and all weeds
eliminated. The plants were growing exceptionally well,
reaching a height of 1 meter. (Editor: Nowhere else in
Croatia were plants so tall.) By mid-June some flowers
started to appear at each stem node. But due to quick growth,
rainy weather, and too narrow a stand, lodging started, and
the lower part of the foliage started turning yellow, so I cut
strait branches and supported each plant, as is done with
peas.
“By mid-August the yellow variety started ripening,
although the foliage was still completely green. The brown
variety lagged behind by about a fortnight. When all the
plants were ripe, they were harvested, roots and all, dried,
and then threshed.
“The yield was outstanding. The yellow variety yielded
12 kg, which is equivalent to 4,900 kg/ha, and the brown
one yielded 7 kg, which is equivalent to 5,800 kg/ha. The
rest of the plant was given to the cows, which eagerly ate all
parts but the stems, even though they were on good green
forage at that time. Aware that such a small trial could not be
compared with field production, I decided to plant soybeans
next year on an arable field which had the same soil type but
was very poor in nutrients.
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The spring of 1879 was extremely wet; water in the
fields with undrained subsoil stagnated in the furrows until
June, which prevented preparation of the soil in time to plant
soybeans. I almost decided to stop the trial on this field that
year, but the desire to see how the new legume would grow
under such bad conditions led me to plant soybean seeds on
June 10th in a roughly prepared seed bed; 200 square meters
were planted with each variety–this time in holes in a grid
pattern 45 cm apart in each direction, with 3 seeds in each
hole.
“Immediately after the soybeans were planted, the
weather switched dramatically from extremely wet to
extremely dry. Not a drop of rain fell, so I guessed that
the crop would fail. Emergence of the plants was uneven,
and especially in the brown variety very poor. The cracked
soil surface did not allow good cultivation, but I barely
managed to hoe half of each plot, leaving the rest unhoed for
comparison to see how the plants would compete.
“The height of the plants reached about 25 cm, but
despite the bad conditions, flowers and pods were abundant,
as if somebody had clustered them on the stems.
“The yellow variety was ripe on Sept. 20, and the brown
on Oct. 3. The seed was so dry that no additional drying was
required for storage. The yellow variety yielded 45 kg, which
is equivalent to 2,250 kg/ha, and the brown one yielded 15
kg, which is equivalent to 750 kg/ha.
“These yields could not be considered normal since the
soils were poor, the planting time late, and weather so bad
that it could not be worse. This is particularly true for the
brown variety due to poor emergence in such bad soil.
“Taking into account all circumstances of these two
years of trials, I would conclude, regarding the final yield,
that the trials to introduce soya into Croatia have succeeded
completely. Soybeans will tolerate a high degree of excess
moisture as well as extreme drought, while outyielding
all other legumes and being at the same time of higher
nutritional value than all the others. Thanks to an abundance
of proteins and fats, soybean seeds, which are also tasteful,
represent a good source of food for humans and feed for
animals, especially for fattening cattle, swine, and poultry.
Also soybean straw is very good, and better accepted by
other animals than the straw of other legumes.
“Regarding the soil, this crop is not demanding; fresh
manure may be avoided, the number of seeds required
is moderate, and there are no difficulties in fertilization.
Diseases are absent, and the plant is not frequented by
harmful insects. The only enemy is game, especially rabbits,
which are abundant here in Croatia, but against which we are
able to protect the plants. All of these soybean traits support
the conclusion that it pays not to disregard the soybean.
Indeed, more and more of our advanced peasants and farmers
should start to grow it.”
Translated by Dr. Joze Spanring of Ljubljana, Slovenia.
Address: Demerje.

140. G.P. 1880. I opet povoljan izvjestaj o “soji” [Once
again, a favorable report on “soybeans”]. Gospodarski List
(Farmer’s Newspaper, Zagreb, Croatia) 28(6):46. March 20.
[Cro]
• Summary: Reading the German agricultural journals and
our Farmer’s Newspaper (Gospodarsky List) last year, I
thought the legume soya (soja) would very soon take roots
and start growing everywhere, thus giving humans as well
as our domestic animals good food and feeds. But our
Farmer’s Newspaper published in this year’s issue No. 2
that soya in our country has been alas quickly disapproved,
has no future, and so future testing and dissemination should
be disregarded–even though in all other Austro-Hungarian
crown lands it is planted and spreading, even in German
Bavaria and Saxony. Since, over the last two years, I have
carefully followed articles at home and abroad about soya,
and made trials myself, I should not like to miss the chance
to report to you about this excellent legume.
In 1878 I got from the Agricultural Society at Zagreb
1 kg of a Japanese soybean variety, imported from Japan
by Mr. Auchman. Interested growers and some advanced
farmers received two-thirds of the lot, and one-third was
sown from May 9 to 13 on the experimental field of the
school. Although in this cold month some common beans
were damaged by frost, the soybean has not been affected.
Flowering started on Aug. 14, at a height of between 2 and
3 feet, and they were harvested on Oct. 31. After 10 days
of drying shelled, they gave 6 kg of pure seeds. Other trials
yielded less and with some growers did not ripen at all, since
they were planted too late (at the end of May). These growers
disapproved of soya, declaring that it was not suitable for our
climate and soils. This Japanese soybean variety from Mr.
Auchman is the main reason that soybeans have so quickly
gotten so much disapproval from so many growers in our
country. In the report of trials from Count Attems in Graz,
and in the agricultural journal from Vienna, all agree that
Auchman’s soybean variety is too late and cannot compete
with the Chinese varieties, which ripen in our country at the
same time as some varieties of common beans. I was pleased
to understand the problem. So last year in March, I got 500
gm each of yellow, brown, and black Chinese varieties from
Count Attems in Graz to use for my own trials.
On 15 May 1879 I planted one plot with Chinese
varieties, and another with the Japanese variety. The Chinese
varieties started to flower on July 15, after only 2 months,
but the Japanese variety didn’t flower until August 15,
a month later and 3 months after sowing. In the second
half of September, the Chinese varieties were ready to be
harvested, but the Japanese variety was still green, and on
Oct. 16 it was covered with snow. About 10 days later it was
harvested; after being dried for 15 days in the barn and being
shelled, it gave only 6 kg of seeds. Only a few pods were
ripe, about half of them developed soft seeds, and the rest
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remained green. The test weight was much lower than with
the Chinese varieties, but there was no difference in the taste.
According to this trial, the Japanese variety should be grown
where early sowing (at the beginning of April) is possible,
and where moisture and frosts in October are absent. It has a
much better growth habit and dry-matter weight of the total
plants than the Chinese varieties, so it could give a higher
yield of fodder for our animals.
The rest of the Chinese soybean varieties were divided
among 3 farmers, and half of that sample was sown in
time. They did not expect such results, especially after this
summer’s extreme drought, which killed all common beans–
but the soybean remained green and yielded well. They were
surprised that some plants, damaged in one place by sheep,
and in another trial by an ox, still gave some seeds. Some
plants had between 180 and 200 pods containing 300 to 400
seeds.
I harvested 10 kg of yellow, 4 kg of brownish-red, and 4
kg of black Chinese varieties with the aim of distributing all
seeds among farmers, amateurs, and schools in this [Ogulin]
district so as to spread this excellent legume as quickly as
possible.
Even though this newspaper has published a lot about
planting the soybean, I would like to add my opinion that
it should be sown more densely, about 20 cm apart, if
only every third seed emerged [and survived]. It could be
sown also in rows of thin corn since ripening together, and
cultivation is almost the same, only soybeans should not be
hilled, since many pods are very close to the soil surface and
they may start spoiling due to the high moisture of the hills.
And in regard to nutritional value, no other of our legumes
could compete with the soybean, since as soon as one tastes
the soybean he decides to plant it in his own garden. It can be
consumed without any spices, and what is most important, it
is easily digested, its coat being so thin that it is not a bother
in the mouth, compared with the coats of our beans which
remain undigested even in a stronger stomach. Soybean soup
is also excellent, so it can surpass expensive fasting soup on
many bourgeois tables.
I send you this report with that wish that soya should
take root in our country as soon as possible. I will try to
repeat it also in the coming season and will not forget to
report again after harvest about the new results. (Editor: We
are looking forward to that as soon as possible).
Translated by Dr. Joze Spanring of Ljubljana, Slovenia.
Address: Teacher, Ogulin, Croatia.
141. K. 1880. The soja or Asiatic bean (Letter to the editor).
Charlotte Democrat (The) (Charlotte, North Carolina). May
7. p. 4.
• Summary: “Editor Charlotte Democrat:–I send you a
small sample of an Asiatic Bean, the Soja Hispida, a plant
which has for ages constituted a chief article of food for man
and beast throughout the great continent of Asia, from the

Caucasus to Japan. Notwithstanding its prominence in the
agriculture of so large a part of the human race for a great
part of its history, it had failed to be adopted, or investigated,
or acclimated in Europe, until the great Exposition at Vienna.
A large number of its varieties were exhibited there, both
from Japan and several Asiatic Continental States. Prof.
Haberlandt of Vienna obtained and distributed specimens of
the several varieties throughout the different States of the
Empire and carried on experiments through a series of years
to ascertain its relations to the climate and soil and modes
of cultivation of Europe. In 1878 he published an account
of these experiments and his conclusions. As these results
are likely to be of great value to us, I give you the most
important of them briefly.
“1. This Bean (the Soja) is more hardy than any other
species of bean or pea cultivated in Europe, and is less liable
to attacks of insects.
“2. It adapts itself to any kind of soil but produces the
best results in a sandy loam.
“3. It has about the same range of climatic adaptation
as Indian Corn, but is less liable to injury from frost–even
freezing does not destroy it.
“4. It withstands the drouth [drought] of Summer better
than all other legumes (beans and peas).
“5. It produces very largely, both seeds and vines, and
excells all our other green fodder plants, being eagerly eaten
by all farm animals.
“6. Both seeds and straw have an extraordinarily high
nutritive value.
“7. It does not degenerate in the climates of Europe,
but even improves in yield and quality. So that, it is a most
important acquisition to the agriculture of Europe.
“The Soja yields 35 to 55 bushels of seed and two tons
and upwards of straw to the acre.
“The analysis, of the Soja Bean, compared with the
horse bean, cow pea, garden pea, wheat and corn, shows
that it far surpasses them all in the two most important food
constituents, viz: albuminoids and fat; and justifies the high
place it has so long held among the Eastern nations as food
for man and beast.
“From analysis it appears that only clover surpasses the
value of the Soja vines as ‘roughness,’ and that by a smaller
amount than it exceeds timothy hay, and the Soja is far better
than the cow pea; and in this last respect it has this further
very great advantage, that it does not shatter in the ripening
or curing.
“And lastly, the Soja furnishes a better green crop for the
improvement of the soil than the cow pea, (the most valuable
plant we now have for this purpose,) because its ash shows a
larger percentage of potash, phosphoric acid and ammonia.
Some twenty varieties of this plant are known in Asia, and
Prof. Haberlandt procured and experimented with them all.
He finds two, designated as the ‘yellow’ and the ‘red brown’
to be, on the whole, the most valuable.
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“I have procured a half gallon of these acclimated
varieties from Vienna, and distributed them to some twentyfive localities, covering the whole State, and all its varieties
of soil and climate, with the request to report the result in
the Fall. From one of the parties I got the answer that he has
been cultivating it for five years, and ‘finds them superior
to all other kinds of peas for stock, especially cows,’ and
he says he is sure ‘he can raise 100 bushels to the acre.’ He
adds: ‘They do well planted among corn, like cow peas, or
sown broadcast.’ This is valuable testimony from a very
intelligent and successful farmer in the Eastern section of the
State, where the cow pea is so important a crop.”
142. Paillieux, Auguste. 1880. Le soya, sa composition
chimique, ses variétés, sa culture et ses usages [The soybean,
its chemical composition, varieties, culture and uses].
Bulletin de la Societe d’Acclimatation 27:414-71. Sept.;
27:538-96. Oct. 28 cm. [73 ref. Fre]
• Summary: One of the most important and original of the
early publications on soy in Europe. Its in-text bibliography
on soya was the largest of any published up to that time.
Contents: Part I: Introduction and extracts on soybeans
and soyfoods from 30 articles published previously in the
Bulletin of the Society for Acclimatization from 1855 to 1880
(pages 414-430. Note 1. Each of these articles has a separate
record in this database).
1. Soybean botany (p. 430-31). 2. The soybean in
Japan (p. 431-42): Engelbert Kaempfer and his writings
on miso and shoyu, information on soya from a document
titled Japan at the World Exposition of 1878 (Le Japon á
l’Exposition universelle de 1878, written in French by a
Japanese, p. 29-33), recipe for making shoyu in France, tofu.
3. Soya in Cochinchine (French Indochina, p. 442-46): Black
soybeans. 4. Soya in China (p. 446-51): Soy oil (Huile de
Soya), fermented tofu (le fromage de soya, teou-fou), soy
sauce (tsiang-yeou; In London, England, it is sold under the
name of “India Soy” at Cross & Blackwell, Soho-Square {p.
451}).
Note 2. This is the earliest French-language document
seen (April 2013) that uses the term fromage de soya (p.
449) to refer to tofu. 5. Soya in Austria-Hungary (p. 452-71):
Starting with soybeans at the World Exposition of Vienna
in 1873, includes a long, in-depth discussion (with many
excerpts) of Prof. F. Haberlandt’s book Le Soja, published in

Vienna in 1878.
Tables in Part I show: (1) The chemical composition (in
both their normal and dry states) of Chinese soybeans (pois
de Chine), tofu (fromage de pois), and tofu curds (p. 427). (2)
The yield of tofu. 120 gm of soybeans yields 184 gm of tofu
(p. 427). (3) The weight and nitrogen content of the different
components when tofu is made from soybeans (p. 428). (4)
The Japanese names of 23 soybean (mame) varieties and a
very brief description of their characteristics (p. 435-36; e.g.,
1. Go-guwatsu no mame {5th month bean}. 2. Use mame
[sic, Wase mame] {early}. 3. Nakate mame {half season}. 3a.
Okute mame {late}. 4. Maru mame {round}. 5. Shiro teppo
mame {white, like a pistol bullet} 6. Kuro mame {black}.
7. Kuro teppo mame {black, like a pistol bullet} 8. Koishi
mame {small stone}. 9. Awo mame {Ao, green}. 10. Kage
mame {shade, shadow}. 11-15. Aka mame {red; 1 of same
species, two of different species}. 16-18. Tsya mame {Cha,
tea colored}. 19. Kuro Kura Kake mame {black saddled}.
20. Aka Kura Kake mame {red saddled}. 21-23. Fu iri mame
{striped, variegated, mottled; see Uzura mame = speckled
like quail eggs}). This nomenclature was taken from a
Japanese work titled: “Explanation, with figures, of trees and
plants recently determined / identified.”
(5) The romanized Chinese names of six types of
soybeans and a French translation of each (e.g., Houangteou = Soya jaune) (p. 447). (6) Two analyses of soybean
seeds, reprinted from Chemischer Ackersmann, 1872 (p.
458). (7) The chemical composition of three soybean
varieties, including Yellow of Mongolia, Yellow of China,
and Reddish-Brown of China; the composition of the original
seeds and the first generation seed is given for each type (p.
460-61). (8) The chemical composition of reddish-brown,
yellow, and black varieties of soybeans (p. 469-70; data
from M. Schroeder, Mach, and Caplan, published by F.
Haberlandt). (9) Weight of 1,000 seeds for four generations
grown out in Vienna. Original seeds: 81.5 to 105 gm. First
generation: 110.5 to 154.5 gm. Second generation: 141.8 to
163.6 gm. Third generation: 116.0 to 151.0 gm.
Contents (continued), Part II. 6. The Soybean, by Count
Heinrich Attems (p. 538-60): Soybean cultivation, time of
planting, spacing of seeds, quantity of seeds, harvest, uses,
and food preparations made from whole soybeans. Practical
soybean culture trials on a grand scale, in the domain of the
archduke Albert, an extract from a booklet by Edmond de
Blaskovics titled “The Soybean, Its Culture, Use, and Value
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as Forage” (Vienna, 1880). Excerpts of six articles on soya
from the Wiener Landwirthschaftliche Zeitung (Viennese
Agricultural Journal) (Jan. 1879 to June 1880) (p. 548-54).
Excerpts of ten articles on soya from the Oesterreichisches
Landwirtschaftliches Wochenblatt (Austrian Agricultural
Weekly) (March 1879 to Feb. 1880) (p. 554-59).
7. The soybean in France (p. 561-76): History (starting
with Buffon, who became director of the Jardin des Plantes
[Royal Garden, also called Jardin du Roi] in 1739), varieties
grown, cultivation, utilization (mainly as forage plant for
livestock and as an oilseed for oil and meal), accessory uses
(miso, Japanese-style soy sauce {shoyu}, Chinese-style soy
sauce {tsiang-yeou}, Japanese-style tofu {tô-fu}, Chinesestyle tofu {téou-fou}, fermented black soybeans {téouche}, and soy coffee {café de Soja}, white fermented tofu
{fromage blanc}, red fermented tofu {fromage rouge}, green
vegetable soybeans {des graines fraîches, écossées encores
vertes, comme le Haricot flageolet}, whole dry soybeans {les
graines sèches comme le Haricot blanc ordinare}).
8. Conclusion and tables showing French analyses of
soybeans (p. 576-78). Appendixes (p. 579-96): Summaries of
letters to the Society describing 27 cultural experiments with
soybeans conducted during late 1880 at various locations
in France, Switzerland and Algeria. (Note 3. Though the
publication date of this appendix is given as Oct. 1880, some
of the letters are dated as late as 21 Nov. 1880). Reprint of a
2-page letter from Eugene Simon, former French consul in
China, on soybean farming in China (p. 591-93). Reprint of
a description by Eugene Simon, based on the description of a
Chinese, of how tofu is made in China (p. 593-94). A French
translation of a 1781 article by Isaac Titsingh on preparation
of soy sauce in the Dutch East Indies [today’s Indonesia]
(p. 594-95). And some information about soybeans from
the ancient Chinese herbal Pên Ts’ao Kang Mu (p. 595).
Reprints of 2 letters from Eugene Simon in China, on soya
and tofu in China. French translation of a 1781 article by
Isaac Titsingh on preparation of soy sauce.

Note 4. We find it surprising that this superb work
contains no illustrations of a soybean plant, or of any part
of the plant, or of any foods made from soybeans; the only
illustration (p. 569) is a cross section of an empty pit into
which one could put a mixed silage that contained 20%
soybean plants. The distance a-b is 3 meters; f-g is 2 meters;
e-f is 0.5 meters; a-e is 1 meter; i-h is 0.4 meters.

Note 5. This is the earliest French-language document
seen (Nov. 2016) that uses the term Huile de Soya to refer to
soybean oil.
Note 6. This is the earliest document seen (March
2001) that has a bibliography of more than 50 references
concerning soybeans.
Note 7. This is the earliest European-language document
seen (Sept. 2004) that mentions the Japanese soybean types
Nakata-mame or Okute mame.
Note 8. This is the earliest French-language document
seen (April 2012) that uses the term tsiang-yeou to refer to
Chinese-style soy sauce. Address: France.
143. Bretschneider, Emil V. 1880. Early European researches
into the flora of China. J. of the North-China Branch of the
Royal Asiatic Society 15:1-194. New Series. See especially p.
27, 97, 146. Published as a book in 1898 by Sampson, Low,
Marston & Co., London. [12 ref]
• Summary: This paper, read before the Society on 19 Nov.
1880, is an excellent summary, with bibliographies, of the
early botanical researches in China by European naturalists.
“I shall start from that period when these regions became
first known to us through the learned and hard-working Jesuit
missionaries, the illustrious pioneers of Oriental studies in
the far East. On the other side, I shall not extend the area of
my researches beyond the Linnean period.”
“I. Botanical information with respect to China
supplied by the Jesuits... after the Portuguese had made their
appearance in Chinese waters in the beginning of the 16th
century,... they subsequently established factories at Ningpo,
carrying on trade also with Amoy. Besides this they settled
near Canton and at Macao which latter place on account of
its favorable situation soon became the basis and the starting
point for the commercial enterprises of the Portuguese in
Eastern Asia. It is also well known that Franciscus Xavier
was the first Jesuit missionary, who ventured to visit China
in 1552, but he died in the same year on an island called
Sancian in sight of the Chinese coast. Nearly 30 years
elapsed before a new attempt was made by the Jesuits to gain
a footing in China. From 1581 to 1583 they sent successively
four missionaries to Macao... We find in the collections
of the letters and memoirs of the Jesuits in China a great
number of articles treating of mineralogy, zoology, and
botany, supplying a mass of most valuable information.”
Bretschneider discusses the lives and work of the
following botanists who mentioned the soy bean: Louis Le
Comte of France (1655-1729) (p. 26-27), Peter Osbeck of
Sweden (p. 88-91), Charles Gust. Eckeberg of Sweden (p.
88, 116), and Ioannis de Loureiro of Portugal (p. 129-47).
Page 14: “Pueraria Thunbergiana Benth. (Pachyrhizus
Thunbergianus S et Z.) Sin: (One Chinese character is given)
Ko. P. trilobus D.C. has the same Chinese name. It seems
that both of them are textile plants” [kuzu]. Also mentioned
briefly on pages 28 and 87. Address: M.D., China.
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144. Bessey, Charles Edwin. 1880. Botany for high schools
and colleges. New York, NY: Henry Holt and Company. x +
611 p. See p. 532. 21 cm.
• Summary: “Order Leguminosæ–The Pulse Family...”
Seven small illustrations (line drawings) show the flowers,
pods and seeds of a legume (Lathyrus odoratus).
“Sub-Order I. Papilionaceæ [pronounced puh-pil-eeuh-NAY-see-ee, derived from the Latin papilio meaning
“butterfly”], with zygomorphic flowers; stamens generally
ten, monadelphous or diadelphous. This sub-order contains
a large number of plants of great economic importance.
The food plants include the Pea (Pisum sativum), the socalled English Bean (Vicia faba), the Pole Bean (Phaseolus
vulgaris), the Field Bean (P. nana), the Lima Bean (P.
lunatus), probably all from India and Western Asia.
“Many more species are now cultivated in India, such as
Chowlee, Black Grain, Soy, Pigeon Pea, Lentils, etc.
“The Peanut (Arachis hypogæa), a native of South
America, is now an important food plant in the West
Indies...” Illustrations (p. 531) show parts of Papilionaceæ–
including a “Section of the seed of Tetragonolobus,” but
not including the soybean. Address: M.Sc., PhD., Prof. of
Botany at the Iowa Agricultural College and late lecturer in
the Univ. of California.
145. Saccardo, Pier Andrea; Bizzozero, Giacomo. 1880.
Aggiunte alla Flora Trevigiana [Additions to the flora of
Treviso]. Atti del Reale Istituto Veneto di Scienze, Lettere ed
Arti, Venezia 5(5):681-719. [Ita]*
• Summary: Giacomo Bizzozero lived 1852-1885.
Note: P.A. Saccardo (1909, p. 173) states in his
Chronologia della Flora Italiana that Saccardo (1880) was
the 7th earliest writer in Italy to mention the soybean.
Saccardo (1909, p. xxi) also states of this work: “Atti del
R. Ist. Veneto.”
Note: Treviso is a province of Veneto, in northeast Italy;
Venice is the capital of Veneto province. Address: Italy.
146. Bulletin de la Societe d’Acclimatation. 1881. Le Haéteou ou Hei-teou. Graine chinoise nouvellement importee en
France--Projets d’essais de son acclimatation [The soybean.
New Chinese grain imported into France. Trials for its
acclimatization]. 28:173-83. Jan. 26. [1 ref. Fre]
• Summary: 4. For this chapter, we have nothing better to do
than to reproduce word for word the instructions collected by
R.P. de Becquevort, as much by himself as with the aid of a
good Chinese farmer:
“Black soybeans are sown twice during the year: 1. in
spring, as soon as the rain has wet the ground enough for the
seed to germinate; 2. and after the wheat harvest, near the
end of June; hasten then, making a good effort to plant on a
harrowed field before the soil dries.
“The sowing is done by a Chinese seed drill in lines

spaced a foot apart. The seeds are placed one by one in the
furrow dug by the seed drill’s little ploughshare. They ought
to be rather close to each other (1-2 cm) and not in piles.
If one fears drought, the furrow that received the seeds is
lightly packed down by a little stone cylinder that follows
this line. This little roller can be adapted to mechanical
French seed drills (aux semoirs mécaniques français).
“In the month of June, if the weather presses, and
often because the animals make it a default, the Chinese
sometimes plant on the stubble of the wheat without any
other labor than the furrow of the seed drill. Nonetheless, it
is always preferable to work the earth suitably.
“Black soybeans can succeed in all the ordinary terrains;
light and sandy soil is the least favorable. Clay soils suit
them, especially if rains are abundant. Black, fresh earth is
the best. This plant loves rain and heat; the summer rains in
SE Chihli, where we are, are ordinarily hot and abundant.
The cold soil and humidity of Morvan [in E. central France]
would not suit the beans as much as our humidity during the
Chinese rainy season.
“In this country, one does not fear water. I saw the
rainwater rest a very long time on a field sown with beans.
The foot as well as the stalks were in water 3-4 in. high, and
the plant did not suffer too much from it. On the other hand,
in this year (1880) of extreme drought, there is on some land
near our residence a magnificent harvest of beans. These
lands, which have been inundated for many months, have
kept enough humidity for the bean to profit from the heat
without suffering from it.
“The fertilizer used by the Chinese does not contain
straw; it is composed of animal feces mixed with earth. It is
left in piles for several months, turning it over with a shovel
from time to time. This fertilizer is spread on the ground at
the moment of sowing, ordinarily in a small quantity, not
because it spoils or would be useless, but because it is scarce.
All types of fertilizer, like oilcakes (tourteaux) or human
fertilizer, are preferable to vegetation and grain products.
“To avoid suffocation, the Chinese usually alternate
lines of beans and grains. The best system seems to be four
lines of sorghum. The air circulates easily between the
sorghum stalks that have few leaves and plant clearly, while
the beans in full flower do not grow more than a block of
leaves and do not need to be ramified, for they grow upward
little or not at all.
“When the plant is a few centimeters tall, a good hoeing
is given without delay in order to weed and to open up the
soil. It is very important that the hoers do a good job between
the lines [of crops]. If a strong rain comes after placing the
seeds in the ground, the soil, beaten and hardened, can form
a crust that impedes the coming up [of the seedlings]. The
Chinese reopen the seed drill furrow by means of a little
rake with two teeth. This step is rarely necessary; however,
it much facilitates their coming up. But, this delicate work
demands attention if one does not want to break the shoots.
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“A second hoeing is given when the plant is 20-25 cm
tall, and a third and last in time enough so that workers can
easily penetrate between the [crop] lines. Next, the bean is
left to itself.
“The beans sown in the spring and those that were done
only after the wheat harvest are ripe at the same time, around
mid-Sept. The first sown are always higher and more roughgrained than the others.
“Do not wait for the complete maturity of all the pods;
those from the top, ripening later, would make [you] lose
the others. The stalks are ripped off by hand and transported
immediately onto the threshing-floor so that the beans falling
from pods open to the sun are not lost.
“It is not necessary to wait until the pods have a black
exterior; they will acquire this tint while drying on the
threshing-floor. The point of maturity appears to me to
coincide with the cutting of kidney beans in France.”
Note: This is the earliest document seen (Jan. 2003)
that uses the word “mechanical” in connection with soybean
production. Address: France.
147. Podoba, Ivan Grigor’evich. 1881. Maslichnyi gorokh ili
soya (Soja hispida): Svoistva, kultura i sposob upotrebleniya
[Soybean (Soya hispida): Properties, cultivation, and uses].
Odessa, Ukraine, Russia: Printing House of L. Nitche. 14 p.
20 cm. [4 ref. Rus]
• Summary: Toward the cultivation of soybean or oil pea
(Soja hispida)
Soybean (Soya); its botanical features, general
properties, and experience cultivating it in the Taurida
Oblast [Russian: Taricheskaya oblast, a former Russian
administrative subdivision, as of May 2020 in the far south
of Russia included in today’s Crimea].
Among all our cultivated plants, including cereals, the
seeds of the leguminous plants have the highest food value.
We therefore also see that the cultivation of these plants is
becoming increasingly widespread, while the cultivation
of cereals, even abroad, has begun to decline significantly.
Of all of the leguminous plants, soybean ranks first in its
food value and tolerance, and therefore one might hope
that in central Europe soybean will soon represent serious
competition both to potato and maize and to other plants
common among us. Indeed, in 1875 soy (i.e., soja hispida)
was cultivated only in the experimental garden of the Royal
College in Vienna. In 1876, one could count only seven
people engaged in soybean cultivation. In 1877 this number
[page 4] had already risen to 160, but in 1878 thousands of
farms were already trying to cultivate soybean. In general,
the renowned Professor Haberlandt states that there is no
instance in the history of the cultivation of our plants when
any newly introduced plant so quickly became a subject of
general interest among farmers as much as soybean has in
the last few years.
China, Japan, India and other countries of warm Asia are

the home of the soybean. In 1873 it was acquired in the form
of 20 varieties to the Vienna World Exposition, from which
Professor Haberlandt obtained seeds and in 1875 began to
grow them. Of all these varieties, the yellow variety from
Mongolia turned out to be the most suitable to our climatic
conditions. Numerous experiments in soy cultivation were
being conducted in Germany and France even before that
time, but without the requisite success. As a result, seeds
from the southern parts of China and from Japan and India
were acquired. Plants of the soya genus have long been
cultivated in southern Austria, the Tyrol, and Istria, the seeds
being used there as a coffee substitute.
The botanical features of this plant, the most useful of
the legume family, are:
The main root of the soybean (or zoya, the Chinese oil
pea) is rounded and has an average thickness of about 68
millimeters; its length is from 6 to 10 centimeters, and it has
4-6 main branches starting at the lower third of the root, with
numerous root hairs, but soybean takes root poorly. The stalk
is sturdy (it requires no supports) and straight, from 25 to 35
or more centimeters high, and has 5-9 main branches with
2-3 secondary branches. The main branches begin at the very
bottom of the stalk
[p. 5] and are about 1½ to 3 centimeters apart. The
leaves have their own petioles and are arranged three on
a common long petiole. Soybean generally resembles the
bean, from which it differs primarily in that soybean stalk,
leaves (especially the bottom surface), and the pods are
covered with reddish-brown hairs. Soybean begins to bloom
in June and remains in bloom until the end of July or later.
The small flowers, like the leaves, are very numerous and
2-6 are arranged where the stalk begins to branch and at
the beginning of the leaf petioles, both on the stalk and on
its branches. The calyx up to the tubule is 5 millimeters
long and 1.25 millimeters thick and has five leaf serrations
1 millimeter long; the entire calyx is covered with hairs
up to 3/4 millimeter long. The corolla is pale purple, white
on the margins, especially part of the keel; the vexillum is
relatively strong with dark blue strands. There are 9 connate
stamens and 1 free one; tubules of the stamens are up to 2½
millimeters long and enfold a [Illegible] also covered with
hairs; a stile up to 1 millimeter long and a little runcinate.
Mature pods are covered with reddish hairs and contain from
2 to 5 seeds.
Before we survey the cultivation of this plant in the
Taurida governate (Dnieper uyezd), we deem it appropriate
to report on the following relatively common properties of
soybean using data that we have borrowed from the works of
Prof. F. Haberlandt (Footnote: (1). {Die Sojabohne by Prof.
Friedr. Haberlandt, Vienna 1878},
(2) {Die Sojabohne, by Edm. Blaskovits, 1880,
Vienna}).
The development and formation of mature yellow
soybean seeds requires from 2500 to 3000ºC, that is, the
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amount of heat required by corn (2370-3000), sorghum
(2500-3000), tobacco (3200-3600), and bean (2400-3000)
(Footnote: {“Obshch. selsko-khoz. rastenievodstvo, Fr.
Haberlandt” (General Plant Husbandry, F. Haberlandt), pp.
331 and 332, 1879}).
Consequently, where [p. 6] these plants are being
successfully cultivated, there too yellow and even dark red
soybean can certainly be cultivated. It is noteworthy that the
soybean naturalized in Europe is not only on par with, but
even superior to, the soybean from Asia with respect to its
weight and the content of its most important components
(protein and fat).
Among the general conclusions drawn by Prof.
Haberlandt and others, among the numerous and different
places from which they obtained data concerning soybean
cultivation, we will also present the following data. Soybean
seedlings are not as sensitive to morning frost -2º R [Rankine
scale?] as are the seedlings of, for example, bean or corn.
Therefore, it can be sown (without wetting, otherwise the
grains will break in two) in the second half of April or
early May. Soybean does not like fresh fertilizer; wood ash
fertilizer is helpful. The soil should be tilled to 6 inches;
seeds should be planted ½ to 1¼ inches deep.
A growing soybean plant is good at shading the soil
(which suppresses weeds). Therefore, to avoid depriving
the bottom of the stalk and its numerous leaves of light, it
should be sown sparsely: if sown in rows, at a distance of
2½ feet between rows or with a distance of 1 to 1½ feet
between plants or allowing 1 square foot per plant, i.e.,
about 1¼–3 poods [1 pood = 16.38 kg] per desyatina [1
desyatina = 2.7 acres or about 1 hectare] or less, if the area
suffers from droughts. With this seeding rate one can count
on 45,000 to 165,000 plants per desyatina, each of which
has a number of leaves such that they might cover a total
surface area of 4000-8000 square [p. 7] decimeters per plant.
But thanks to the hairs covering the leaves (especially their
bottom surface), which increase in number with the aridity
of the climate (the number of leaves, however, decreases),
the loss of soil moisture to soybean leaf transpiration is
somewhat suppressed, and soybean thereby becomes capable
of withstanding drought better than all other leguminous
plants. In general, soybean easily acclimates to local soils
and climates, which is one of its important advantages.
But soybean suffers from shade, and therefore it cannot be
sown densely or grown in plantings near trees. Soybean
requires no special care. Mounding should be avoided, since
numerous pods are located on the stalk and its branches
close to the ground. Soybean is harvested by tearing it out
with the root or by cutting the stalks as close as possible
to the ground. No special attention to selecting a harvest
time is required, since the pods do not easily dehisce and,
harvested green, easily ripen in sheaves left on the floor.
The latter should be small to avoid heating the soybean. The
harvest could be in July, but in certain locales it might be in

September. In general, the growing period for soybean is up
to 140 days. Soy can be threshed after reducing the number
of beaters. The soybean yield may be calculated at 35-73 sam
[sam refers to the ratio of beans harvested to beans planted]
or more per desyatina; each individual plant may have at
least 200-300 pods with 450 grains. With this yield the
soybean surpasses all other leguminous plants. A chetverik
[1 chetverik = 26.24 liters] of soybean weighs 40 to 45
pounds. The weight of the straw [p. 8] (up to 80-150 poods
or more per desyatina) is almost the same as the seeds and
sometimes double if the grain harvest is poor and, vice versa,
less if a lot of grains are produced. Because the soybean is
rich in phosphoric acid (up to 30% ash) and potassium (up to
45% ash), its harvest severely depletes the soil (Continued).
Address: Tavricheskaya Governorate, Russia [in Crimea and
parts of Southern Ukraine as of 2020].
148. American Agriculturist. 1881. A new agricultural plant.–
Soy. 40(5):200-01. May. New Series–No. 412.
• Summary: “The European Catalogues, and some American
ones, offer ‘A new Agricultural Plant,’ the very old Soy, or
Soy Bean. This they offer as ‘Soja hispida,’ though modern
botanists unite Soja with Glycine. Some speak of it as a pea,
and others as a bean, the latter being more nearly correct
as its relationships are nearer to the bean. It forms an erect
plant about three feet high, and very bushy, its many hairy
branches bearing three-parted leaves and inconspicuous
flowers, followed by hairy pods, each with two to five seeds,
which are oval and ‘nankeen’ colored. It is claimed that the
plant resists the heat and drouth [drought], and produces an
abundant crop of seeds, which are valuable as food for both
man and cattle, and that the fodder is also readily eaten by
sheep and cattle. The plant is a native of Asia. and the seeds
have long been used by the orientals, who ferment them and
produce a dark-brown liquid, which is salted and made into a
sauce called Soy. To judge from the [non-original] engraving,
this is closely related to, if not identical with, the ‘Japan
Pea,’ which was introduced some six or eight years ago, with
strong claims as to its great value. The catalogues say that
it should be sown ‘in rows 12 to 15 inches apart.’ We would
suggest to those who wish to try it to give it at least twice as
much room as this.” Address: New York.
149. Podoba, Ivan Grigor’evich. 1881. K kul’ture soi ili
maslichnago gorokha (Soja hispida) [Toward the cultivation
of soybean or the oil-bearing pea (Soja hispida)]. Trudy
Imperatorskago Vol’nago Ekonomicheskago Obshchestva,
St. Petersburg (Transactions of the Imperial Free Economic
Society) 2(3):214-16. July. [2 ref. Rus]
• Summary: As a supplement to the article about soybean by
N. Organov published in Works (Trudy), vol. 1, nos. II and
III, we consider it appropriate to display here the following
data, reported on March 11 at a meeting of the First
Division of the I.F.E. Society by I. Podoba, regarding the
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cultivation of the yellow variety of soybean in Tavricheskaya
Governorate [today’s Crimea and parts of Southern Ukraine].
[p. 215] Soybean is not demanding either with respect
to soil or to how it is worked; but at the same time, we must
not lose sight of the fact that soil which has been deeply
worked in the fall, in our dry seasons, can to a greater
extent ensure a good harvest; on our rich “black earth” soil,
soybean does not require fertilizer. Soybean may be planted
in April, as its sprouts can bear morning frost much easier
than can beans or maize, for instance. The number of seeds
per desyatina [1 desyatina is approximately 1 hectare] can
be set at no more than 30 to 50 pounds, although I usually
use even less than that, afraid of insufficient soil moisture; it
should be noted incidentally that soybean adapts excellently
to dry spells; then more hairs appear on its leaves which
restrict transpiration better, to a well-known extent, from
its relatively large leaf surface area. Soybean does not
especially like shade, so weed grasses must be removed if
they appear between the soybean plants; this is all the more
necessary in that multiple flowers can also appear on the
lower parts of its stem and branches which require light to
develop further. I hilled up soybean plants, although this
should be avoided because this can easily cover with soil any
flowers located lower on the stem; but my fears regarding
the consequences of drought were stronger than my desire
to have more pods. My only concern while the soybean
grew was protecting it from rabbits, which attack green
soybean especially greedily: this is confirmed by the opinion,
established through experience and as a consequence of the
chemical composition of the green soybean, that soybean
is one of the best fodder plants, even as green fodder (low
in woody tissue), that we know of at present. As a matter of
fact, my soybean was planted in the middle sections of a big,
mature field with 200 different plants being experimentally
cultivated in it, and the rabbits skipped over the medicago,
green maize, and different varieties of legumes and cereals,
and at a certain risk to themselves (we shot them), they
swarmed the soybean by the dozens. I do not yet know of
any other enemies of soybean, although Bruchus pisi and
other insect pests are very widespread here. The soybean
pods appear in August, and this last year (with a late spring
and rainy summer) in September; when harvested, soybean
does not scatter, like lupine or even like peas. Harvesting is
best done by pulling up the soybean by hand (as I did) or by
cutting the stems low. A harvest in our locale can be around
30-40 sam [percentage of return on beans planted to beans
harvested] or more. In 1877, I received from Professor F.
Haberlandt, of Vienna, 25 grains of yellow soybean [p. 216]
(and 25 red-brown) and now I have more than 15 poods [1
pood = 36.11 lb or 16.38 kg] of seeds; I would have had, by
an average count, over 600 poods if in 1878 the rabbits had
not destroyed the green soybeans to such an extent that I
barely received back my seeds, and if I had planted all of the
previous year’s harvest that year, rather than only a quarter

of it, afraid of the consequences of the late-starting spring.
All in all there are from 50 to 200 pods on one plant, most
often 100 to 150, and I found empty pods only very rarely. In
each pod there were from two to four seeds, and sometimes
just one, though it also happened that there were five; for
an entire plant I counted from 120 to 500 seeds or from 1 to
5 lots [1 lot = 1/32 of a pound, or about 12.8 g] in terms of
weight.
For now I am threshing soybeans with a flail.
Note: Translated by Shelley Fairweather-Vega, Seattle,
Washington. Address: Tavricheskaya Governorate, Russia [in
Crimea and parts of Southern Ukraine as of 2020].
150. Aitchison, J.E.T. 1881. On the flora of the Kuram
Valley, &c., Afghanistan. Part I. J. of the Linnean Society of
London, Botany 18(106):1-113. Aug. 3. See p. 1-17, 42, 50.
Read 19 Feb. 1880.
• Summary: Surgeon-Major Aitchison personally traversed
and botanized in the various districts in which he reported
plants. He began to make his collections on 14 April 1879.
“The collection of plants, regarding which I now write,
was made during the summer of 1879 in Afghanistan
territory, along the left bank of the Kuram river from Thal
to Péwárkotal, and thence upon the higher plateaux, the
basins of the Karaia and Hazárdarakht rivers, tributaries of
the Kuram... Kuram is a large village and fortress situated
on the left bank of the river, at an altitude of nearly 4800 ft.,
and is about 20 miles west of Badishkhél.” Darwazagai Pass
is situated 6 miles south of Kuram at an altitude of nearly
5,000 feet. The Péwárkotal Range forms the west boundary
of the area that the author refers to as “the Kuram District.”
The high country enclosed between the eastern side of the
Péwárkotal Range and the spur that runs from Síkarám
westward to the peak called Matúngé (12,700 ft) forms
the basin of the Karaia River, and is known as the Hariáb
District.
Page 15 states: “10. Vegetation of the Hariáb District.
The climate of the Hariáb district, owing to its altitude, is
much colder and drier than that of the Kuram, with a more
severe winter. The land produces but one crop during the
year, viz. of wheat, barley, maize, rice, two millets (Setaria
italica, Panicum miliaceum), pulses (Ervum Ervilia,
Phaseolus vulgaris, Glycine Soja), carrots, and clover...
In the section on Leguminosae, the author reports (p.
50): “691, 910, 666. Glycine Soja, Sieb. & Zucc. Largely
cultivated in the Kuram district, occasionally in Hariáb, also
frequent as a weed in cultivated ground; June.”
Note 1. A careful examination of many large maps of
Afghanistan and Pakistan from the 1880s to the present
shows that there are at least two places in the area named
Kuram or Kurram, but that the one referred to by Aitchison
is clearly located at 33º49’ north latitude and 70º10’ east
longitude. (The other is at 31º16’ north latitude and 67º49’
east longitude.) On a map titled “Map of Afghanistan,
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from surveys made by British and Russian officers up to
1875,” published in the Office of the Chief of Engineers,
Washington, D.C., Nov. 1878, Kuram Fort is shown as being
well inside Afghanistan, northwest of Thal and southeast
of Kabul. A German map of the Pakistan-Afghan border,
published in 1941-42 and copied from a Russian map of
1923 also shows Fort Kuram at this same location inside
Afghanistan in greater detail; it is in the Kurram district on
the north bank of the Kurram River, southeast of Rarachinar
(Parachinar) and northwest of Sadda. Today, however, this
area is located just inside Pakistan, near the Pakistan-Afghan
border.
Note 2. Talk with Ted Hymowitz, Prof. Emeritus of
Plant Genetics, Univ. of Illinois. 2007. Nov. 20-21. Did
Aitchison see the annual wild soybean (Glycine soja Sieb. &
Zucc.) or the annual cultivated soybean (Glycine max)? Ted
is an expert on wild soybeans, and in Oct. 1967 he collected
30 annual cultivated soybeans, grown by farmers in the
Kumaon Hills region of northern India in the foothills of
the Himalaya Mountains at altitudes ranging from 3,600 to
7,500 feet (Hymowitz 1969). Over 90% of these cultivated
soybeans were black seeded, with relatively small seeds and
a procumbent habit of growth (they trailed along the ground).
Ted thinks that Aitchison probably saw annual cultivated
soybeans but mistook them for annual wild soybeans. Why?
(1) The soybeans Aitchison saw were being cultivated, in
much the same way as the ones Ted saw in India; annual wild
soybeans are (as far as Ted knows) never cultivated because
they are almost never used for food; the seeds are too small.
(2) The soybeans Aitchison described in Afghanistan appear
to be very similar to the ones Ted saw in India. Ted knows
from experience that Glycine Soja and the Glycine max he
saw in India look remarkably similar. Ted believes these
soybeans probably emigrated to Afghanistan over one of the
southern branches of the Silk Road.
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in Afghanistan, or in today’s Pakistan,
or the cultivation of soybeans in Afghanistan or Pakistan.
This document contains the earliest date seen for soybeans
in Afghanistan, Pakistan, or the cultivation of soybeans
in Afghanistan or Pakistan (1881). The source of these
soybeans is unknown, but they may have arrived at a much
earlier date over one of the southern Silk Routes.
Note 4. The author was a surgeon with a strong interest
in botany. Note 5. Thadani and Mirchandani (1943, p.
167) state that Major Aitchison “found the soybean largely
cultivated in the Kuram valley, North-west Frontier Province,
especially in the Kuram district, occasionally in Hariabab
and also frequently as a weed in the cultivated fields.”
Address: Surgeon-Major H.M. Bengal Army.
151. Swarte, Victor de. 1881. Rapport sur la culture du
Soya Hispida dans le département du Jura [Report on the
cultivation of the soybean in the department of Jura]. Bulletin

Trimestriel de la Societe des Agriculteurs du Nord. p. 35758. Meeting of Dec. 7. [Fre]
• Summary: Reports on the cultivation trials of two growers
from Lons-le-Saulnier: (1) Mr. Alphonse Nel, farmer. Mr.
Nel planted seeds of Soya hispida in his garden on 22 June
1881 at 11 o’clock in the morning; the germination time was
168 hours [7 days] (until June 30).
The time required for flowering was 38-41 days; the
flowering stage passed very rapidly. They did not all bloom
at the same time and the flowers succeeded each other within
a period of 4-5 days at the most.
A strong frost on the night of October 4 obliged us to
harvest the seeds before they had matured. We assume that
without this sudden change of temperature, they would have
needed 10-15 more days to reach complete maturity. Soya
hispida tolerated the heat waves much better than all [other]
varieties of haricot beans; the flowers were not scorched
[the edges of the flowers did not turn brown] while those of
the native beans (haricots du pays) scorched as they were
opening.
The number of beans enclosed in each pod varies from
one to three.
The agronomic trial was done in quite poor soil, and in
very fatty / clayey soil.
Only one remark was made by Mr. Nel, and it seemed
worth including in this report: the rats and mice, which do
not attack haricot beans, avidly rushed upon Soya hispida.
Could it be because of the oily nature of this bean?
(2) Mr. Grand, horticulturist. The planting was done
within the first 15 days [from June 22 on], and germination
was slow.
Until June 29, the plants remained puny, but from
this time forth and under the influence of heat waves, their
development was very rapid, despite an extraordinary
drought that Mr. Grand did not remedy by any watering.
The experiment was done in clayey but strongly
manured soil. Everything made us suppose that the product
would have been even more beautiful in a weaker soil.
Several plants produced 100 to 125 beans. Address:
Corresponding member [France].
152. Henderson, Peter. 1881. Henderson’s handbook of
plants. New York, NY: Peter Henderson & Co. 412 p. See p.
95, Glycine. Index. 27 cm. [1 ref]
• Summary: “Glycine: from glykys sweet; referring to the
taste of the roots of some of the species. Linn. DiadelphiaDecandria. Nat. Ord. Fabaceæ.
“A small genus, nearly all of which are tender climbing
plants, producing axillary flowers, singly or in racemes,
white, yellow, or rose; they are only adapted for greenhouse culture. There is one species, G. soja, that is a hardy
annual, a native of Japan, that produces seeds like small
kidney beans, which the Japanese use in large quantities,
either in soup, or in making a sauce called sooja or soy, this
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sauce being used in many of their dishes. The Wistaria was
formerly incorrectly called Glycine.”
Note 1. This is the earliest document seen (Sept. 2020)
by Peter Henderson or his company that mentions the
soybean. However, there is no indication that he is selling
any of the plants or seeds described in this book.
Note 2. This book is divided into two parts: (1) A
description of different plants, listed alphabetically, and (2)
a useful “Glossary of botanical and general horticultural
terms and practices, with synopses of the natural orders,
etc.” Includes terms such as: Corolla, dicotyledons,
papilionaceous, soil, and sowing. Peter Henderson lived
1822-1890. Written on the title page: “Author of Gardening
for Profit, Practical Floriculture, Gardening for Pleasure,
etc. etc.” A description of each book is given on p. 412.
Also discusses: Sesamum. Bene Plant. S. Orientale, a
native of the East Indies, “is the Bene Plant of our gardens,
and of domestic medicine, being used with excellent results
in severe cases of dysentery. It is now grown for that purpose
in the vicinity of New York and other large cities... In the
Southern States and in Africa this species was, and is yet to
some extent, considerably grown for the oil the seed yields,
which oil will keep many years without acquiring any rancid
taste or smell. When first made it is quite heating, and is
used as a stimulant; but after two or three years it becomes
quite mild, and is used as a salad oil. The seeds are used by
the negroes for food, which they prepare in various ways. In
Japan, the oil is used as we use butter in cooking.” Address:
35 Cortland St., New York.
153. Monthly Bulletin, North Carolina Department of
Agriculture (Raleigh). 1882. Geological Survey: On Some
Useful Plants (Continued). No. 12. p. 1-2. March.
• Summary: In the last Bulletin some results of investigations
by the Survey in regard to the value to North Carolina of
certain plants, new and old, were reported. Some facts
were presented, which seem to indicate that the Mongolian
Bean (Soja), one of the most important cultivated plants
among the vast populations of Asia for unknown ages, and
recently introduced with signal success in several countries
of Europe, is likely to prove a valuable acquisition to the
agricultural resources of this State. A general statement was

given of the conclusions reached by the eminent agricultural
chemist of Vienna, Prof. Haberlandt.”
Note: This is the earliest document seen (March 2021)
that contains the term “Mongolian Bean” (or “Mongolian
beans,” regardless of capitalization) which it uses to refer to
the Soja bean.
“The matter is of sufficient importance to require the
further presentation of the results of Prof. H.’s researches
which, as stated, were carried on for a period of three years,
and in all parts of the empire of Austria, with its various
soils and climates. He gives the results of more than 150
experiments, which were almost uniformly successful.
These are embodied in the following table which shows the
comparative value of this bean and our leading vegetable
food products; the analyses of Soja and of the garden pea
from Prof. Haberlandt, and the others from Prof. Johnson,
except that of the cow pea, which is from Ledoux. I add
at the bottom of each column figures showing the relative
nutritive value, on the usual assumption that the nitrogenous
and fat components are of equal value, (for equal weights,)
and that of carbohydrates, (sugar, starch, &c.,) about onefifth as much:”
A table compares the nutritional value of wheat,
corn, garden pea, cow pea, and soja. For each is given the
nitrogenous matter, fat and carbohydrates, plus the “relative
nutritive value.” Soja has by far the highest relative nutritive
value, 2.71. The next highest is garden peas with 1.56.
“It will be seen that in both the cardinal food elements,
fat and nitrogenous matter, the Soja far surpasses all our
richest vegetable foods, having nearly three times as much
fat as corn, and of protein, as wheat, and more than double
the nutritive value of both, and exceeding in this respect our
familiar species of legumes by about eighty per cent.
“As it took Europe several hundred years and countless
millions of money to learn from China the art of cultivating
the silk worm and making porcelain, so it seems that
Europeans have still much to learn from that wonderful
people, and among other things the lesson which the near
future urges, viz: how to feed themselves economically, so
that many times the present population per square mile may
be supported by its products. She has already made one
contribution towards this end by teaching the art of raising
fish, like pigs and chickens,
and the indications are, that the
Mongolian Bean is a still greater
benefaction.
“But the story of the
value of Soja is not yet complete.
The straw (leaves and stem), of
which the yield is very great, is
nearly equal in value to our best
forage plants, as the following
table of analyses shows:”
A table compares the
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nutritional value of the straw of clover, timothy, cow pea,
and soja. For each is given the nitrogenous materials, fat and
carbohydrates, plus the “relative nutritive value.” Clover has
the highest relative nutritive value, 0.99, followed by timothy
(0.95), soja (0.80) and cowpea (0.73).
“And of course its value as a green crop for improving
the soil, will be of the same order, and determined by the
same conditions.
Note: This is the earliest document seen (Dec. 2020)
containing the term “relative nutritive value.” Its meaning is
not defined.
Prof. Haberlandt sums up the results of his numerous
and exhaustive investigations in a list of valuable qualities of
which the following are the chief, viz:
“1. The Soja will grow well in any sort of soil, of fair
quality.
“2. It stands drought better than all other legumes.
“3. It stands frost better than either legumes or corn;
even freezing does not destroy it.
“4. It is extremely prolific, both in fruit and forage; and
as a green fodder plant it is unequalled.
“5. It not only has the highest value for human food, but
both the seed and fodder are preferred by stock to nearly all
other foods.
6. The labor and cost of cultivation are less than of any
other cultivated crop.
“7. It matures early, surpassing corn in this respect.
“The above is not half the list of notable and valuable
qualities enumerated.
“Such are the results of the domestication of Soja in
Europe.
“As stated in the previous number of the Bulletin, the
tests which have been made in this State promise equally
well.
“Prof. Lane, who has experimented longer and on a
larger scale than any one else, gives? it a place with his most
important plants? He finds that horses and cattle will desert
any other forage for the Soja fodder [?]. And as to yield, he
gathered 50 bushels per acre from his ordinary cotton field,
and has no doubt he could easily [?] 100 bushels, and the
product of for- [?] is proportionally great. Some of the [?]aw
being badly cured on account of [?]in, and thrown into the
stable lot for manure, was pawed up by horses and cows and
eaten, to the last stem.
“Another considerable advantage which this gentleman
found, is that the seed does not shell out in handling, so that
there is no waste.
“Prof. Cook, State Geologist of New Jersey, has had
some experiments made, last year, on the experiment farm
of the N.J. Station, and his results are in accord with those
given above.
“Now if the half of this prove true–and there seems no
reason to discount it in the least–the Soja will be a great boon
to the agriculture of North Carolina, not only directly, but

indirectly as well. For one of the great wants of the State is
a system of crop rotation which will introduce stock raising,
not alone for the supply of our own meat, but chiefly to
furnish manure for the soil; for without this change our soils
and our agriculture will go to ruin
“Soja may be planted like the cow pea, but until seeds
are plenty, it is better to plant 4 to six inches apart in drills
widely enough separated for cultivation.” Address: Director,
N.C. Agric. Exp. Station.
154. Country Gentleman. 1882. Japan clover. 47(1537):552,
col. 2. July 13.
• Summary: “What are the merits of a grass or clover called
Lespedeza striata, said to be from Japan? To what kind of
soil and climate is it adapted? Will it make good hay for all
kinds of stock? Is it an annual or a perennial? Please describe
the plant and its growth. A. G. West Baton Rouge, La.
[Louisiana]
“According to Killebrew, in Grasses of Tennessee, it is
‘especially adapted to the Southern States, not flourishing
above 36º, growing with great luxuriance in the poorest
soils,’ and enduring drouth [drought] remarkably well. It
is perennial, and so persistent that it will root out Bermuda
grass. It does not do so well on sandy soils as on rich, moist
land. Some growers say that it makes good hay; others say
that stock does not eat the hay as well as that made from
native grasses. The plant has trifoliate leaves; somewhat
resembles the vetch; the flowers vary from purple to white,
and the pod is flat, like the sweet pea. The leaves are small,
but very numerous. It grows like the ‘Japan pea,’ which
many have tried. The plant does not grow tall, but spreads
widely on the ground. Plate xxiv, Report of Department of
Agriculture for 1878, page 180, shows the plant well.”
155. Mene, Édouard. 1882. Des productions végétales du
Japon [The vegetable products of Japan]. Bulletin de la
Societe d’Acclimatation 29:466-90. Sept. See p. 477-90. [40
soy ref. Fre]
• Summary: This excellent review of earlier publications
and work, which is largely about the soybean, contains 40
references to earlier publications, many of them from the
Journal of the Society for Acclimatization and from early
European botanists. Much of the information is taken from
earlier issues of this periodical and from the book Le Japon a
l’Exposition universelle de 1878.
Contents: The soybean (Soja hispida, O mame: Daizu,
p. 477). The wild soybean (Glycine hispida, Soja hispida,
p. 477; it is found in the wild in the coastal regions of
the island of Kyûshû. Called Tsuru-mame and Nô-mame
by Franchet and Savatier. Soybeans in the catalog of the
Japanese Universal Exposition of 1878: No. 24–The black
soybean (Kuro-mame), No. 25–The white soybean (Shiromame), No. 26–The green soybean (Ao-mame), No. 37–
The black soybean speckled with white (Gankui-mame).

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 104
Where the soybean is cultivated: Not only on the island
of Japan, but also in India, on the island of Ceylon, on the
Malacca peninsula (i.e., Malay Peninsula), on the Philippine
islands, in Borneo, Java, in the Kingdom of Siam, in Cochin
China, at Tong-King [Tonkin, formerly in North Vietnam]
and throughput China, but mainly in Mongolia and in the
provinces of Honan, Shengking [Liaoning], Shantung, and
Shansi.
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in Malaysia, or the cultivation of
soybeans in Malaysia. This document contains the earliest
date seen for soybeans in Malaysia, or the cultivation of
soybeans in Malaysia (1882). The source of these soybeans
is unknown.
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in the Philippines, or the cultivation
of soybeans in the Philippines. This document contains the
earliest date seen for soybeans in the Philippines, or the
cultivation of soybeans in the Philippines (1882). The source
of these soybeans is unknown.
Note 3. This is the earliest document seen (March 2021)
concerning soybeans in Siam (renamed Thailand in 1938), or
the cultivation of soybeans in Siam. This document contains
the earliest date seen for soybeans in Siam, or the cultivation
of soybeans in Siam (1882). The source of these soybeans is
unknown.
Note 4. This is the 2nd earliest document seen (March
2021) concerning soybeans in Vietnam, or the cultivation
of soybeans in Vietnam. This document contains the 2nd
earliest date seen for soybeans in Vietnam, or the cultivation
of soybeans in Vietnam (1882). The source of these soybeans
is unknown.
The Chinese exposition (class 73) contains samples of
all the varieties of soya cultivated in the provinces of the
empire: No. 2991 and 3000–Green, white, black, yellow,
striped / streaked / variegated (panachés), and red soybeans.
Source: Chinese customs at Newchwang. No. 3014-3016–
Yellow, black, and green soybeans. Source: Customs at
Tientsin [Tianjin]. No. 3058 to 3061–Yellow, green and
black soybeans., from the customs at Chefoo [Yantai]. No.
3091. Yellow soybeans, from the customs at Chinkiang
[Zhenjiang]. No. 3103 to 3109–White, red, black, and yellow
soybeans from the customs at Shanghai. No. 2135 to 3128–
White, black, red, and green soybeans from the customs at
Wenchow [Wenzhou]. No. 3152 to 3156–White, green, and
black soybeans from the customs at Takow [Kao-Hsiung].
At the Japanese exposition (class 74, condiments and
stimulants) are samples of miso and shoyu from Tokyo and
the province of Hizen, especially the town of Nagasaki.
The Chinese exposition also contains in class 74
(condiments and stimulants) samples of soy sauce [soye,
soya] called Tsiang-yeou from the Chinese customs at
Chefoo, Ning-po, Wenchow, and Canton. The Chinese often
add aroma in the form of star anise, green anise, and orange

rind. Chinese soy sauce is made with yellow soybeans called
Houang-téou.
Descriptions of how to make shoyu, miso, tofu, soybean
oil and soy flour (farine de soja) based on earlier European
publications (p. 479-83).
In France, Mr. Vilmorin and Dr. Adrien Sicard (of
Marseilles), both of whom are involved with soybean
cultivation, have prepared soy cheese (fromage de Soja)
numerous times. Dr. Sicard has made both the white cheese
and the red cheese; the latter is rolled in a powder made by
grinding red sandalwood (santal; Pterocarpus santalinus),
mace, and cinnamon (p. 482).
In China, quite a few soy oil factories are found at
Calfond in Henan, at Tsinan in Shantung, and at Tayeurn
in Shanxi. But the center of soy oil production in China is
Ning-po in Zhejiang / Chekiang. From the port of Ning-po
and from a port on the island of Tcheou-chan [Zhoushan?]
a large number of junks, carrying only soy oil, depart. Two
other manufacturing centers are Newchwang and Chefoo (p.
483).
There follows a long section on the introduction and
acclimatization of the soybean in Europe (p. 484-89) based
on earlier European documents.
The next section, about kudzu (Pueraria Thunbergiana,
p. 489-90) cites 9 early references, including Le Japon a
l’Exposition universelle de 1878, vol. II, p. 153). Address:
France.
156. Kinch, Edward. 1882. Die Sojabohne [The soybean].
Biedermann’s Central-Blatt fuer Agrikulturchemie 11:75355. Nov. [Ger]
• Summary: This is a summary of an 1882 document
by Prof. Kinch of Cirencester, England. The original is
reproduced exactly by A.S. Welch (1885, p. 73-77).
In a study about the properties and the value of
the soybean (Sojabohne) as a food and a fodder, the
aforementioned author provides us with, among other things,
the composition of the seeds of different soybean varieties
(Sojavarietäten).
Table 1 gives the nutritional composition (water,
nitrogenous substance, fat/oil, carbohydrate, crude fiber, and
ash) for the following soybean types or varieties (from Japan,
pale from China, yellow from Germany, from India, brown,
round black, and long black). According to the experiments
by Levallois, in its soluble carbohydrates the bean contains
approx. 10% of a type of sugar similar to mellitose
(Mellitose) [also known as raffinose]. The nitrogenous
components are nearly exclusively protein-like; only 1% of
them were recognized as peptone and 1 to 2% as amides. The
high protein content places the soybean far above the other
species of legume: in this aspect, it is close to fatty meat. In
its fat content, it is matched only by the seeds of the peanut,
Arachis hypogaea.
“The average composition of the straw, the pods, and a
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type of hay that is obtained from the soybean in Japan, which
is fed as a very tasty feed to horses, cattle, and sheep, comes
out as follows:” Table 2.
The soybean hay (Sojabohnenheu) thus exceeded both
meadow hay and the most nutrient-rich type of straw, lentil
straw, in the content of nitrogen.
What follows at this point are the analyses of some of
the products that are made from the beans: miso, a doughlike mixture that is in great demand; tofu, a type of cheese
that is obtained through the extraction of the seeds and pods
with water and in some cases with cooking salt; and the press
cakes that remain after pressing out the oil. Table 3.
The composition by percentage of the ash of the seeds
and the straw is as follows: potassium oxide, sodium oxide,
calcium oxide, magnesium oxide, ferric oxide, chlorine,
phosphoric anhydride, sulfur trioxide, silicon dioxide.
As the most suitable varieties for cultivation in Germany
and Austria, the author names the yellow, brown, and round
and long black varieties. They require a vegetation period
of approx. 150 days with the mean temperature of 14.3ºC,
and on the whole around 2,100ºC [heat units]. Accordingly,
they are to be sown in early May and to be harvested in late
September or early October. As a sowing depth, 3 to 4 cm
is to be recommended, and a distance between the plants is
to be set up in such a way that 22 plants stand on 1 sq. m.
(Footnote 1. This indication by the author, which is not to
be misunderstood, is not in accord with distances between
the plants that have been adhered to thus far. Up to now,
only 4 to 5 plants per square meter were reckoned with.
The Editor). The most favorable type of soil is a humus rich
soil and then one containing lime. As fertilizer, the author
recommends soda niter (Natronsalpeter) and potassium
sulfate, since ammonium sulfate does not work as well as the
same quantity of nitrogen in the form of nitrates. On lowhumus soils, it is advisable to apply the nitrogen in organic
form as oil cakes or wastes of other kinds. Phosphoric acid
as dicalcium phosphate was an effective aid in some cases.
According to the author, the soybean has great capability for
resistance against influences of weather, cold, drought, and
wetness, and it is less plagued by animal and plant parasites.
(Footnote 2. Other indications counter this, according to
which the sprouts and young plants are eaten by wire worms,
cockchafer grubs, and the caterpillar of the small painted
lady butterfly, and the leaves are attacked by a fungus,
Septoria sojina. Hares and mice also go after the soybean in
a lively manner. The Editor).
Feed trials with the soybean were carried out with
good success with pigs, sheep, oxen, and dairy cows, and
because of its richness in nitrogen and fat, it is regarded as
a good supplementary fodder to feeds that are low in these
substances.–For human nutrition, as well, the beans are
supposedly well suited and capable of forming a substitute
for the meat-based diet in certain countries where the
population chiefly lives off of a plant-based diet, namely in

the poorer classes of the people–Schulze.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. This is the earliest German-language document
seen (March 2021) that mentions dried-frozen tofu, which
it calls “gefrorener Bohnenkäse.” Address: Professor,
Cirencester, England.
157. Mason, Francis. 1882-1883. Burma, its people and
productions: or, Notes on the fauna, flora, and minerals
of Tenasserim, Pegu, and Burma. 2 vols. Rewritten and
enlarged by W. Theobald. Hertford, England: Published by
order of the Chief Commissioner of British Burma, by S.
Austin & Sons. 19 cm.
• Summary: The previous edition of this work was published
in 1860. This edition is greatly enlarged and expanded. In
Volume II (published in 1883), on page 513, in the section
on Leguminosae, under Glycine we read that Glycine soja is
cultivated in Ava. “Erect. Flowers in small axillary clusters.
Pods 1-1½ in. long, almost falcate. Seeds 3 lines long,
slightly compressed, pale-coloured.
“The word ‘soja’ is a variation of the Japanese ‘soya,’
whence our word ‘Soy,’ for a sauce prepared in China and
Japan from the seeds of one or more species of Dolichos or
allied genera.”
Note 1. Pickering (1879, p. 763) states: “Westward, S.
hispida was observed by Mason in Burmah.”
Note 2. This is the earliest document seen (Nov. 2020)
that clearly refers to soybeans in Burma or the cultivation of
soybeans in Burma. This document contains the earliest clear
date seen for soybeans in Burma or for the cultivation of
soybeans in Burma (1883). The source of these soybeans is
unknown.
Note 3. Ava is a ruined city on the Irrawaddy River, in
Sagaing division, 6 miles southwest of Mandalay. Founded
in the 14th century, it was the capital of Burma for 400 years.
In 1783 it was replaced by Amarapura, but was again the
capital from 1823 to 1837.
Ground nuts (Arachis hypogæa) [peanuts] are mentioned
under “Order Leguminosae” (p. 491). The Burmese name
is given as Mye-leh. “Indigenous to South America, but
cultivated all over the East for its edible kernels and the oil
extracted from them, which is excellent” (p. 500). In the
index of vernacular names of Burmese plants, the name of
the peanut is given as “Myeh-peh” (p. 713). Address: Rev.
D.D., M.R.A.S.
158. Bretschneider, Emil V. 1882. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. I. J. of
the North-China Branch of the Royal Asiatic Society 16:18230. For the year 1881. [1882* ref. Eng]
• Summary: The single most important early work on
Chinese botany written by a Westerner. Bretschneider, an
M.D., lived 1833-1901.
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Contents: Preliminary notices (p. 18-22). 1. Contribution
towards a history of the development of botanical knowledge
among eastern Asiatic nations: Chinese literature on materia
medica and botany (p. 22-75, incl. the Materia Medica of
Shen Nung, p. 26-32), Chinese works on agriculture (p.
75-86). Chinese geographical works containing botanical
information (p. 86-92). Early acquaintance of the Chinese
with Indian and Western Asiatic plants (p. 92-95). History
of materia medica and botany in Japan (p. 96-101). On
the botanical knowledge of Coreans [Koreans], Manchoos
[Manchus], Mongols, and Tibetans (p. 101-05).
2. On the scientific determination of the plants
mentioned in Chinese books (p. 105+, incl. Cleyer, Siebold,
and Kaempfer, p. 124-27). 3. Alphabetical list of Chinese
works (p. 131-216). Index of Chinese authors (p. 217-22).
Appendix: Celebrated mountains of China (p. 223-28).
“Preliminary notices: “More than ten years have elapsed
since I published a little essay (1) intended to show the
mode adopted by the Chinese in treating of Natural science,

especially Botany, and what degree of advantage European
Botanists may derive from the study of Chinese botanical
works. The present paper now brought before the public,
although treating of the same subject and reproducing
occasionally the matter of my former essay, will prove to be
virtually a work new in substance, entirely recast, into which
also a considerable amount of new information has been
introduced.
“In resuming my past labours after a long interval I
cannot but repeat what I confessed in the preface of my
former paper, that I am neither a Sinologue nor Botanist,
my knowledge of Chinese as well as of Botany being
quite limited...” Footnote (1) “On the Study and Value of
Chinese Botanical Works, with Notes on the History of
Plants and Geographical Botany from Chinese sources, by
E. Bretschneider. Illustrated with 8 Chinese wood-cuts.
This article appeared originally in the Chinese Recorder of
1870 and 1871, published in Foochow. The editor of this
periodical, at that time, seems to have had little experience
in proof-reading; at any rate my paper (although presented in
a very clear manuscript) came to light with such a profusion
of misprints and other inaccuracies, that it would have been
ridiculous to append to it a complete list of errata. I therefore
would feel quite disposed to disavow this my first scientific
essay; all the more since at the time I wrote it I had not yet
sufficiently mastered the subject, and many of my former
statements require modification.”
Concerning Shen nung, “Chinese works on agriculture”
(p. 75) states: “The primeval Emperor Shen nung, whom
the Chinese believe to have composed the first treatise
on Materia medica, is also credited with having laid the
foundation of Chinese Husbandry. His name implies this
tradition, for Shen nung means: the Divine Husbandman.
It is related in the early records that the people of his age
were rude and wholly unacquainted with the advantages of
agriculture. They subsisted on fruit, vegetables, and the flesh
of birds and beasts. Shen nung examined first the quality
of the soil, fashioned timber into ploughs and taught the
people how to till the ground and raise grain. On a previous
page I referred to the mountain in Shan si, where tradition
makes him first teach his people the fundamental processes
of agriculture. Sz’ ma Ts’ien [Ssu-ma Ch’ien] (B.C. 163-85)
records in the Shi ki [Shih chi; Historical records] (book 1)
that Shen nung sowed the five kinds [of cereals].”
In the section on the work of early Europeans who
studied the flora of East Asia, the following researchers
are discussed in detail: Cleyer (p. 124), Kaempfer (p. 12526), Thunberg (p. 126), Siebold (p. 126-27), Miquel and
Zuccarini (p. 127), Hoffman and Schultes (p. 127-28), Dan.
Hanbury (p. 128), O. Debeaux (p. 128), Dr. Fr. Porter Smith
(p. 128-29), and P. Perny (p. 130; very critical). Address:
China.
159. Bretschneider, Emil V. 1882. Botanicon sinicum.
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Notes on Chinese botany from native and Western sources.
Chapter I. Contribution towards a history of the development
of botanical knowledge among eastern Asiatic nations. 1.
Chinese literature on materia medica and botany. Shen Nung
and his Materia Medica (Document part). J. of the NorthChina Branch of the Royal Asiatic Society 16:18-230. New
Series. For the year 1881. See p. 22-75. 28 cm. [1882* ref.
Eng]
• Summary: Concerning Shennong and his writings, pages
26-32 state: “The early history of the botanical knowledge
of the Chinese is closely connected with the history of their
Agriculture and Medicine; and their acquaintance with plants
dates back from the period when they first began to employ
plants for economical and medical purposes.
“According to Chinese tradition the semi-mythical
Emperor Shen nung, who is said to have reigned in the 28th
century B.C., is the Father of Husbandry and Medicine.”
Note: This is the earliest English-language document seen
(Aug. 2002) that discusses Shen nung in connection with
Chinese pharmacology, or that gives the estimated dated that
he reigned–28th century B.C.
“The Li ki [Li chi; The book of rites, published about
150 B.C.] (one of the Classics...) states that Shen nung was
born near the Li shan (Sui chou, Northern Hupeh). He is
said to have subsequently dwelt in Ch’en (Western Honan),
and then moved to Lu (Southern Shantung). See the last
edition of the Shi ki (Historical Records), in the first pages
of which the ancient traditions regarding this Emperor have
been brought together. 13 li north of Lu an fu (Southern
Shansi) there is a mountain called Po ku shan, mountain of
the cereals, with a temple on its top, where, according to
the I t’ung chi or Great Geography of China, Emperor Shen
nung is still worshipped. This temple was founded in the 6th
century of our era. At the foot of the mountain is the po ku
ts’üan, or fountain of the cereals. Here tradition makes Shen
nung first teach his people how to till the ground and raise
grain. Hence it was that his grateful subjects called him Shen
nung or Divine husbandman.
“It has also been handed down by tradition that
Shen nung first tested the medical qualities of herbs and
discovered medicines to cure diseases, and the city of Wen
hien (Huai king fu, Honan) claims to be the spot where this
happened. In the Wen hien chi (topography of this city) it
is stated that the rivulet of Shen nung is situated inside the
eastern gate. Here according to tradition Shen nung collected
medicinal herbs, tested them and touched the soil with his
staff, whereupon the water sprung forth. The earliest writings
on medicinal plants and dietetics are ascribed to him. 2696
B.C. is given as the year of his death.
Shen nung’s successor, the Emperor Huang ti [Yellow
Emperor], who reigned in the 27th century B.C., is said to
have established his residence in Cho lu (Pao an chou, west
of the present Peking). He is considered the author of the first
Chinese works on the art of healing. See Alphabetical list of

works 204.
“The materia medica of Emperor Shen Nung: The
well known Chinese Materia medica, Pên ts’ao kang mu
[compiled by Li Shih-chen in about 1578-1597] of which I
shall offer a detailed review in the proper place, in giving
an opening sketch of the principal treatises of this class,
begins with the Shen nung Pên ts’ao king, or Classical work
on Medicines of the Emperor Shen Nung. We find there the
following account of this ancient document, which we know
only from the quotations of it in other succeeding ancient
works of the same kind, to which it has served as a model.
“Chang Yü si (who lived in the first half of the 11th
century) says: According to ancient tradition this treatise
was in 3 books and Emperor Shen nung was the author of
it. But no ancient author states that he has seen it himself.
In the section on literature in the Ts’ien Han shu (History
of the Former Han dynasty, 202 B.C.–25 A.D., where
many medical works extant in the first century B.C. are
enumerated) no mention is made of this book. But in the
biography of Emperor P’ing ti, 4th year of his reign (A.D.
4). we find a statement that the Emperor ordered all men in
the Empire, familiar with medical prescriptions and the Pên
Ts’ao (see note 6) to assemble in the capital. In the biography
of Lou Hou (Ts’ien Han shu, 92) it is said that, when he
was yet but a boy, he knew by heart the I king (treatise on
medicine), the Pen ts’ao and several thousands of medical
prescriptions. Thus there can be no doubt that at that time
there existed a Pen ts’ao.
“Li Shi tsi (an author in the T’ang period, 7th century),
and before him the Tsi lu, a work of the Liang dynasty (6th
century [502-556 in southern China]), speak of the Shen
nung pên ts’ao in 3 books; suggesting that it was probably
committed to writing during the Han dynasty, for there
occur in the book the names of places in China referring to
the time of the After [Later] Han (25–221 A.D.). According
to these authorities Chang Ki or Hua T’o (Footnote:
“Celebrated physicians in the third century of our era”) may
be the authors of it. But Chang Yü si (who quotes the above
statements) does not agree with this opinion. He admits an
early existence of the Pên ts’ao king and adduces the Huai
nan tsz’ [Huai nan tzu–The book of (the Prince of) Huai-nan,
120 B.C.] (2nd century B.C.), which records that Emperor
Shen nung in the space of one day tasted the plants and
experimented on their efficacy. He found among them 70
to be poisonous. This was the beginning of medical art in
China.
Chang Yü si continues: In remote times, when the art
of writing was not yet known, science was transmitted from
generation to generation by oral tradition, and what was
called the Pen ts’ao was not a written book. From the period
of the Han dynasties (B.C. 202–A.D. 221) Medical art began
to develop. Chang Ki and Hua t’o largely contributed to the
diffusion and completion of medical knowledge, commented
on private writings, and added new information, arranging
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the whole into a system. This was probably the time when
the Materia medica of Shen nung first appeared as a written
treatise.”
“According to Li Shi chen (the author of the Pen ts’ao
kang mu), the Shen nung Pen ts’ao king was originally a
treatise in three parts treating of 365 different drugs. It was
first commented on by T’ao Hung king (A.D. 452-536) who
wrote also a supplement to it (see further on Ming yi pie lu).
“In the great catalog of the Imperial Library, book 104,
fol. 51, we read that the Shen nung Pen ts’ao king does not
exist now-a-days as a separate treatise and that we know it
only from the T’ang Shen wei Pen ts’ao (a Materia medica
of the Sung dynasty; see further on No. 26) in which the
passages printed in white letters on black ground all refer to
the text of the Shen nung Pen ts’ao.
“The Pen ts’ao kang mu reproduces also to some extent
the text of the Materia medica of Shen nung and generally
quotes this treatise under the abbreviated title of Pen king.
Under the head of ‘the celebrated arrangement of drugs by
the Emperor Shen nung’ the Pen ts’ao kang mu, in the first
book, first part, fol. 43 sq., gives the text of a part of the Shen
nung Pen ts’ao relating to the qualities, the use, the gathering
of drugs, etc. That ancient document arranges the drugs
under 3 classes and reads as follows:
“Of the first class of drugs there are 120 sorts which are
considered to perform the function of Kün or Sovereigns.
They support human life and thereby resemble Heaven. They
are not poisonous. Whatever quantity you take, or howsoever
long you use them, they are harmless. If you wish to have
the body light, to improve the breath, to live to an old age,
without growing old, make use of these drugs of the first
class.” These include ginseng, jujubes, oranges, Job’s tears,
Dioscorea [glutinous yams], Benincasa cerifera [ash gourd],
Amaranthus Blitum, Cannabis sativa [hemp], Kadsura.
Likewise, there are 120 sorts of drugs of the second class
(including ginger; they are “Ministers,” and support human
nature; some are poisonous). There are 125 sorts of drugs of
the third class which are considered to perform the functions
of Assistants and Agents. “They cure diseases and thereby
resemble earth. They are very poisonous and ought not to be
used continuously. If you wish to drive out cold or heat from
the body, or to correct the breath, or to heal diseases, use
the drugs of this class.” These include peach kernels. “The
drugs of these three classes make in all 365, corresponding in
number to the number of degrees in the zodiac; each degree
answering to one day of the year.”
“Li Shi chen in the Pen ts’ao kang mu mentions only
347 of the (365) drugs specified in the Shen nung Pen ts’ao,
239 of them belong to the vegetable kingdom, 65 refer to
animals, 43 are obtained from minerals.” Bretschneider then
lists (p. 31-32) the scientific/botanical names of the 167
medicinal plants enumerated in the Shen nung Pen ts’ao
which he has been able to ascertain. Still known to Chinese
physicians by their ancient names, these plants include: Soja

hispida (the cultivated soybean), Pueraria Thunbergiana
(kudzu), Panax Ginseng, etc. Note: It is not clear which class
of drug the soybean was considered to be in the Shen nung
Pen ts’ao. Address: M.D., China.
160. Bretschneider, Emil V. 1882. Botanicon sinicum.
Notes on Chinese botany from native and Western sources.
I. Andreas Cleyer and Engelberth [Englebert] Kaempfer
(Document part). J. of the North-China Branch of the Royal
Asiatic Society 16:18-230. New Series. For the year 1881.
See p. 125-26. [1 ref. Eng]
• Summary: “The first attempt of a European to study the
Flora of Japan was made by Andreas Cleyer, a German,
who visited Yeddo in 1683 as envoy of the Dutch East-India
Company, and who resided in Nagasaki as chief supercargo
[in charge of the commercial concerns] of the Dutch factory
till 1686. His letters on Japanese plants addressed to Dr.
Mentzel have been published in the Academiæ naturæ
curiosorum Ephemerides, 1686-1700. Cleyer’s descriptions
as well as the drawings appended have little value.”
In the Royal Library at Berlin Bretschneider saw
Cleyer’s drawings as well as “another volume entitled
Cleyer’s Flora Japonica, containing only 101 coloured
drawings of Japanese plants, apparently painted from
nature in Japan by Cleyer’s order. These have more claim
to botanical correctness. Cleyer has himself added some
memoranda. The names are given in Japanese letters only.
This volume was referred to Dr. Siebold, who in 1856
drew up an Index of the drawings and added the scientific
botanical names.
Note: Cleyer’s diary was published in German in 1985
under the title Tagebuch des Kontors zu Nagasaki auf der
Insel Deshima, 20 Oktober 1682–5 November 1683, edited
by Eva. S. Kraft.
“A few years after Cleyer had left Japan, another
German, an able explorer and botanist, arrived in that
country and spent about two years there. Engelberth
[Englebert] Kaempfer was born in 1651 at Lemgo (LippeDetmold). In 1683 he accompanied a Swedish Embassy
to Persia as secretary, but on its return he separated from
it and proceeded to the Persian Gulf, where a Dutch fleet
was stationed at that time. In 1685 he entered the service
of the Dutch East-India Company as a surgeon, and arrived
at Batavia [later renamed Jakarta, Indonesia] in 1689.
In the following year a Dutch squadron was sent out to
Siam and Japan, and Kaempfer was of the party. On the
22nd September 1690 he reached Nagasaki. He had two
opportunities of visiting Yeddo, performing the journey
thither partly by the overland road, partly by sea. His first
stay in Yeddo lasted from March 13 to April 5, 1691; the
second from March 31 to April 29, 1692. He left Japan
in the same year, returned to Europe in 1694, and died in
1716 in his native country. For further biographical details
regarding Kaempfer see Rosny’s “Variétés orientales,” 1872,
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p. 98, where an interesting account of his life and scientific
works is found. Kaempfer was not only a skillful botanist,
but an acute observer in general. He has connected his name
imperishably with the history of botanical discoveries in
Japan, and the accounts he noted down with respect to the
Japanese Empire and other countries he visited will always
stand as a model of accurate and judicious information and
keen observation. In 1712 he brought out his Amoenitates
Exocticae. The second fasciculus [fascicle] (p. 466) contains
an account of the plants from which paper is manufactured
in Japan; in the third fasciculus (p. 605) a treatise on the Teashrub is found. Besides this the whole of the fifth fasciculus
(p. 707-912) is devoted to the description of more than 500
species of Japanese plants, 31 of which are represented by
excellent drawings. The Japanese names of the plants are
always given, and Chinese names in Chinese characters are
generally added. Although these characters are often wrongly
or indistinctly printed, there is no difficulty in deciphering
them. Kaempfer’s botanical descriptions are generally
faithful, in some instances much detailed.
“The Amoenitates Exoticae represents only a small
portion of Kaempfer’s labours. After his death all his
unpublished manuscripts as well as his herbarium, namely
the plants collected in Japan and his drawings of Japanese
plants, were purchased by Hans Sloane, the well-known
collector and promoter of science, whose immense collection
subsequently gave origin to the British Museum. In 1727
Kaempfer’s valuable History of Japan, etc. was published
in English, translated from his original (Dutch) manuscript.
In 1791 Sir J. Banks edited a volume with the title: Icones
selector plantarum quas in Japonia collegit et delineavit
E. Kaempfer, ex archtyp, in Museo Britannico asservatis. It
contains 50 plates.” Address: China.
161. Bretschneider, Emil V. 1882. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. I. C.P.
Thunberg (Document part). J. of the North-China Branch
of the Royal Asiatic Society 16:18-230. New Series. For the
year 1881. See p. 126. [1 ref. Eng]
• Summary: After describing the pioneering botanical work
of Englebert Kaempfer in Japan, Bretschneider continues:
“After Kaempfer the first botanist to visit Japan was C.P.
Thunberg, a Swede, born in 1743, died in 1822. He landed
at Nagasaki in 1775, and on the 4th of March of 1776
proceeded by the overland route to Yeddo, where he arrived
on the 30th of June. As the fruit of the botanical collections
made during his stay in Japan he published in 1784 his Flora
japonica, 50 plates. I have seen in St. Petersburg [Russia]
another unpublished volume of drawings representing
Japanese plants, executed from nature by order of Thunberg.
As a scientific botanical nomenclature did not exist at the
time when Kaempfer wrote, Thunberg tried to name those
Japanese plants described in the Amoenitates exoticae, which
had not been previously determined and named by Linæus,

and to identify the native names mentioned by Kaempfer.”
Address: China.
162. Bretschneider, Emil V. 1882. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. I.
Philipp Franz von Siebold (Document part). J. of the NorthChina Branch of the Royal Asiatic Society 16:18-230. New
Series. For the year 1881. See p. 126-27. [1 ref. Eng]
• Summary: After describing the pioneering botanical
work of Englebert Kaempfer and C.P. Thunberg in Japan,
Bretschneider continues: “Much more was done in this
respect by Dr. Siebold, the well-known and ardent explorer
of Japan.–Ph. Fr. v. Siebold, a German, was born in 1796
in Wuerzburg. After having studied medicine and natural
sciences he went to Holland, and entering the service of the
Dutch East-India Company, set out for Batavia, where he
arrived in 1822. The next year he was sent as a physician
and naturalist to Japan. He lived several years in the Dutch
Factory at Decima [Deshima] (Nagasaki). In 1826 he had an
opportunity of visiting Yeddo [Edo, today’s Tokyo]. As the
Japanese government suspected him of being in possession
of a map of Japan, he was obliged to leave the country in
1830, and returned to Europe, where he employed himself
for several years in publishing the results of his researches in
Japan. In 1859 he went again to that country, where he lived
till 1862. He died at Munich in 1866.
“Siebold had forwarded one portion of his vast botanical
collections accumulated in Japan to Prof. C.L. Blume in
Java, who described some of these plants in the Museum
botanicum Lugduno-Batavorum, 1849-51. H. Zollinger
published a few years later an Index of Siebold’s plants in
the Java Herbarium (Buitenzorg). The greater part of his
dried plants, however, had been transmitted by Siebold to the
Museum of Leyden, and from these materials Prof. Miquel
compiled his Prolusio Florae japonicae [Prolusio florae
Iaponicae], 1865-67.
“Siebold himself, with the assistance of Prof. J.G.
Zuccarini of Munich, had commenced much earlier to
describe his Japanese botanical collections, but their
publications were left in a fragmentary state. The most
interesting of them is the Flora japonica, sive plantæ quas
in Imperio Japonico collegit, descripsit, ex parte in ipsis
locis pingendas curavit Dr. Ph. Fr. de Siebold, digessit Dr.
Zuccarini, 1835-1844, 127 plates. Miquel attempted to
continue this iconographical work and published, from 18681870, 23 additional plates.* The original drawings to which
Siebold alludes on the title pages (about 600) have been
purchased, together with a set of Siebold’s dried Japanese
plants, from his widow, by the Academy of St. Petersburg
[Russia]. The drawings form eight large volumes and are
beautifully executed.
“Siebold always tried to ascertain the Japanese names
of the plants he gathered, and also noted down the Chinese
characters applied in Japan to these plants. He was assisted
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in this task by native botanists, and we can, I think, assume
that his identifications are quite reliable.”
Footnote: *”I know only the 127 plates published
by Siebold and Zuccarini. Franchet and Savatier, Enum.
plant. Japon. [Enumeratio Plantarum in Japonia sponte
crescentium...], Pref. XIII, state that in all 175 of these
plates have been published, but in the second vol. p. 665 that
authors assign to Flora japonica 150 plates only.” Address:
China.
163. Bretschneider, Emil V. 1882. Botanicon sinicum. Notes
on Chinese botany from native and Western sources [Part I].
London: Trübner & Co. 228 p. No index. 28 cm. [1882* ref.
Eng]
• Summary: The contents of this book was first published in
1882 as an article in the Journal of the Royal Asiatic Society,
North China Branch. (Vol. XVI, 1881; Article III). Series 2.
The contents and pagination of this book is the same as the
original article (which see). This book has been digitized
in full view on HathiTrust. Address: M.D., Physician of the
Russian Legation at Peking, China.
164. Smith, John. 1882. A dictionary of popular names of
the plants which furnish the natural and acquired wants of
man, in all matters of domestic and general economy. Their
history, products, & uses. London: Macmillan and Co. ix +
457 p. See p. 386. 23 cm.
• Summary: “Soy (Glycine Soja, better known as Soja
hispida), a small, erect, trifoliate, hairy plant of the Bean
family (Leguminosæ), native of India and China. It is
cultivated for its seeds, which are made into the sauce called
Soy in India, and the residue or cake is extensively used for
manure in China.” Note: The residue from making soybean
oil is widely used for manure in China, but the residue from
making soy sauce is usually too salty for that use.
Also discusses (alphabetically): Agar-agar (see Ceylon
moss), almond tree, Ceylon moss (seaweed), Cyperus
(incl. C. esculentus. “The taste of the roots when roasted is
compared to potatoes. It is by some used as a substitute for
coffee”), dulse (Rhodomenia palmata, seaweed), earth pea or
ground nut (Arachis hypogæa; an allied plant is Voandzeia
subterranea), flax (incl. linseed oil), Fucus (genus of seaweeds), gingilie oil (from Sesamum indicum), Goa bean
(the seeds of Psophocarpus tetragonolobus are so called
in India), hemp (Cannabis sativa, the seeds are used for
feeding caged birds), Job’s tears (Coix lachryma), kelp (see
Fucus), linseed oil (see flax), lupin (Lupinus albus, also
yellow lupin and blue lupin), medick or lucerne (Medicago
sativa) [alfalfa], quinoa (Chenopodium quinoa or C.
anthelminticum), seaweeds (plants of the order Algæ), and
sesamum (the seeds of Sesamum indicum).
The author, John Smith, lived 1798-1888. Address:
A.L.S.

165. Daily Chronicle (The) (Knoxville, Tennessee). 1883.
The soja bean. April 19. p. 2, col. 4.
• Summary: “Is a new agricultural plant that has been grown
for some years in Austria and Hungary, both as a forage plant
and a vegetable. It resembles somewhat a bean; the stems
are stiff and hairy, as are the leaves; the pods are produced
in bunches of from two to five, and contain each from two to
four smooth, oval nankin-colored [buff-colored] seeds. The
latter, which are produced in great abundance, pronounced
by chemists to be the richest of all human food, may be used
as food for mankind as well as for beasts, and the straw is
eaten by sheep and cattle. Sown early in May, in any good
soil, in rows twelve to fifteen inches distant, it ripens in
August, and stands well heat and drouth [drought]. Forty-five
pounds are reported from one pound of seed; all kinds of
stock like it as well as peas [probably cow peas], while sheep
and cattle relish the straw even better than hay.”
166. Geerts, A.J.C. 1883. Observations on Kinch’s list of
plants used for food. Transactions of the Asiatic Society of
Japan 11(Part 1):31-35. April. [3 ref. Eng]
• Summary: Note 1. Geerts is referring to the article by
Kinch titled “List of plants used for food or from which
foods are obtained in Japan,” on pages 1-30 of this issue of
this periodical.
“Prof. Kinch seems not to have been acquainted with
the list of 447 economical plants, published in 1826 by Ph.
Fr. von Siebold in the Transactions of the Batavian Society
of Arts and Sciences [Verhandelingen van het Bataviaasch
Genootschap van Kunsten en Wetenschappen], Vol. XII,
under the title of ‘Synopsis plantarum oeconomicarum
universi regni Japonici,’ for Mr. Kinch mentions only
the more imperfect list given by Thunberg in his Flora
Japonica. Further, several articles written on the subject of
economic Japanese plants, published by von Siebold in the
Journal of the Royal Dutch Society for the Advancement
of Horticulture, during the years 1844-45-46, etc., might
be perused with advantage by those who wish to study the
practical side of Japanese economic plants.
“In Karl von Scherzer’s work, Fachmaenuische Berichte
ueber die oesterreichisch-ungarische Expedition nach Siam,
China und Japan, Stuttgart, 1872, there is an extensive
article by Dr. S. Syrski, on Japanese horticulture and
economic cultivated plants, pp. 175-220. Several interesting
observations on the mode of culture, time of sowing,
planting, and harvesting, will be found there.”
“As a preliminary catalogue Mr. Kinch’s list may be
useful for those persons who do not possess the botanical
literature on the Japanese flora, but as a practical indication
for horticulturists the list is deficient. Note 2. Chinese
characters (or katakana) are given for each for the following
Japanese terms.
“For instance the plant Dai-dzu or O-mame, the Soja
hispida, Moench, has in Japan five distinct cultivated
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varieties and eleven or perhaps more sub-varieties, viz:
“I. White or slightly yellow beans, Haku-dai-dzu. 1.
Very early variety with very small bean. Harvest in July.
Goguwatsu-mame 2. Early variety with small white bean,
Wase-mame or Natsu-mame. These [first] two varieties
are also called Bai-to or Tofu-mame and serve especially
for preparing To-fu [tofu]. 3. Middle early variety with
somewhat larger round beans, Nakate-mame. Much used for
preparing miso. 4. Late variety with round and hard beans,
Okute-mame. 5. Late variety, with smaller, perfectly round
and hard beans, Maru-mame. Can be kept a very long time
and is much used as food for horses. 6. Late variety, with
large, perfectly round, and very hard beans, Teppo-mame or
Aki-mame. Is much valued for the preparation of Shoyu [soy
sauce].
II. “Black beans, Koku-dai-dzu or Kuro-mame. 1.
Middle late variety, with round, small, hard, black beans,
Kuro-mame. 2. Middle late variety, with round, large black
beans, Kuro-teppo-mame. 3. Late variety, with flat, elliptic,
black beans, Go-ishi-mame or Kuro-torokusun or Hachi-buname or Tamba-kuro-mame. These kinds [in category II.] are
eaten in a boiled mixed with sugar as entremets.
“III. Brown beans, Katsu-dai-dzu. 1. Round reddish
brown beans, Aka-mame. According to the size the Japanese
distinguish even six subvarieties of this brownish Soya-bean.
The reddish kinds are far less cultivated than the white and
black varieties. 2. Light brownish-red and round beans,
Cha-mame. According to the more or less intense colour the
Japanese distinguish three sub-varieties of Cha-mame. They
are rarely cultivated. [Both these types] are eaten with sugar
in a boiled state” (p. 34).
Note 3. This is the earliest English-language document
seen (Oct. 2004) that mentions red or reddish soybeans
(actually brownish-red).
Note 4. This is the earliest English-language document
seen (Feb. 2007) that contains the word “Soya-bean” or
(“Soya-beans”).
“IV. Greenish or blue-greenish beans, Sei-dai-dzu or
Aö-mame. 1. Round, middle-sized greenish beans, Aö-mame.
The Japanese distinguish two sub-varieties, viz., . Sei-hi-to
with the epidermis only of a green colour, but white inside
[and] Beta. Nikuri-Sei, which are outside and inside of a
greenish colour. 2. Light green round beans, Kagemame.
[All] are only cultivated in the provinces of Ise, Iyo, Harima,
Idzumo [Izumo], Omi. Eaten with sugar in a boiled state.
Note 5. This is the earliest English-language document seen
(Oct. 2004) that uses the term “light green” to describe the
color of a soybean.
“V. Spotted beans, Han-dai-dzu or Fu-iri-mame. 1.
Greenish, flat, oblong beans with a black spot at the navel.
Kuro-kurakake-mame. Relatively rare and only cultivated
in Nagato [an old province on the southwest tip of Honshu,
Japan; as of 2003 part of Yamaguchi prefecture], Idzumo
[Izumo] and the environs of Kiyoto [Kyoto]. 2. Yellowish-

green, flat, and slightly oblong beans, with a dark brown spot
at the navel. Aka-kura-kake-mame. Rare. 3. Yellowish-green
beans with many dark spots. Furi-mame or Udzura-mame.
Rare. Cultivated in Harima province.”
Note 6. This is the earliest English-language document
seen (Oct. 2004) that uses the term “Yellowish-green” to
describe the color of a soybean.
Note 7. This is the earliest English-language document
seen (Sept. 2004) that uses the word “spots” (or “spotted” or
“spotting”) or the term “reddish brown” to describe the color
of soybean seeds.
Note 8. This is the earliest English-language document
seen (Oct. 2013) that discusses the color of many soybean
varieties.
Note 9. Geerts’ initials stand for Antonius Johannes
Cornelius.
Note 10. This is an excellent, original article, which
gives the names of many Japanese soybean varieties for the
first time in English or any other European language. That
information is largely derived from Iinuma (1861 and/or
1874).
167. Kinch, Edward. 1883. List of plants used for food or
from which foods are obtained in Japan. Transactions of the
Asiatic Society of Japan 11(Part 1):1-30. April. Read April
12th, 1882. Reprinted in March 1907 as a monograph.
• Summary: “In the following list of food plants the genera
have been arranged according to the system pursued by G.
Bentham and J.D. Hooker in their ‘Genera Plantarum’... I am
not aware that any list of the plants used for food in Japan
has been published since that by Thunberg in his ‘Flora
Japonica,’ 1784 [which mentions ‘Dolichos polystachyos et
Soja’ in the Preface].”
“In the last hundred years this list has been considerably
extended. The principal works consulted have been
Thunberg’s ‘Flora,’ Franchet and Savatier’s ‘Enumeratio,’
Miquel’s ‘Prolusio’ and Tanaka and Ono’s ‘So moku
Zusetsu’ and part of Suringar’s ‘Algae ‘Japonicae.”
Under the heading Leguminoseæ (Suborder
Papilionaceæ), Kinch reports: (1) Glycine soja, S. & Z.,
called tsuru-mame or no mame in Japanese, has no English
name. Its seeds are used. (2) Glycine hispida Moench
(synonyms: Soja hispida Miq. and Dolichos soja L.), called
O-mame or Daidzu in Japanese, is called Soy bean or
Japan pea in English. Its seeds are used and there are many
varieties of seeds. (3) Glycine hispida f. lanceolata, called
midzu kugiri in Japanese, has no English name. Its seeds are
used.
Also discusses in this suborder: (4) Arachis hypogæa,
L., Rakkuwasho [rakkasei] or Tojin-mame, ground nut, earth
nut. (5) Vicia faba, L., Sora-mame, broad beans. (6) Pisum
sativum, L., Yendo, pea. (7) Pueraria thunbergiana, Benth. =
Dolichos hirsutus, Th., Kudzu, for root starch. (8) Phaseolus
vulgaris, L., Ingen mame, French bean. (9) Phaseolus
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radiatus, L., Adzuki or Shôdzu, for beans. (10) Phaseolus
radiatus var. pendulus, Savatier, Tsuru-adzuki, for seeds.
(11) Phaseolus radiatus var. subtrilobatus, Savr., Bundo or
Yayenari [Yaenari], for seeds.
Also mentions Prunus mume or plum. “Unripe fruit
preserved in vinegar and salt as a pickle” [umeboshi].
Note: This is the earliest English-language document
seen (Dec. 2006) that uses the term Prunus mume to refer
to the scientific name of the plum tree whose fruits are
used to make umeboshi salt plums. This is also the 2nd
earliest English-language document seen (Dec. 2006) that
refers to umeboshi salt plums, but it does not mention them
specifically.
Note 3. Some of this information is very similar to that
in Van Buren (1881, p. 15). Address: Royal Agricultural
College, Cirencester, England. Formerly Prof. of Chemistry,
Imperial College of Agriculture, Tokyo.
168. YAnkovskiy, Pavel’. 1883. Popytka razvedeniya
soi (Soja hispida) v’ Samarskoy gubernii [An attempt
to cultivate soybeans in the Samara Gubernia]. Trudy
Imperatorskago Vol’nago Ekonomicheskago Obshchestva,
St. Petersburg (Transactions of the Imperial Free Economic
Society) 2(1):54-56. May. [Rus]
• Summary: As we know, much was written and said about
Soja hispida early in the spring of 1881. The usefulness
of cultivating this plant can be considered beyond doubt;
experiments remained to be done.
I was sent to the Samara Governorate (Guberniya) [in
the Volga region of today’s Russian Federation; see city of
Samara at center right of map on the Volga River] to serve on
Major General Zhilinskiy’s expedition to perform irrigation
work, and I decided to try to cultivate soybeans there. The
high summer temperature in Nikolaevsky and Novouzensky
Districts (where I was supposed to work), most appropriate
for the success of soybeans, allowed me to hope that the Soja
would not suffer from frost, and the plant’s low need for
moisture also gave me hope for success.
Upon arriving in Nikolaevsky District (Uyezd) [in the
south] of the Samara Governorate, in April, I was obliged to
do exploratory work to construct water storage close to the
village of Berezovo, and here, with frequent conversation
with the peasants, I managed to so interest them in the latest
“new beans” that some old men came to me once with a
proposal to plant them together with the local community,
whereby the peasants would provide the land, and the “bean”
seeds would be provided by me. That is what I wanted to do,
as well, because: (1) due to the nature of my work, I could
not stay long in one place and supervise the planting; and (2)
under the terms proposed, the cultivation of the soybeans, if
the experiment was successful, would go much more quickly
than if I were to undertake the experiment by myself; but if
unsuccessful, which could be the case due to purely chance
reasons, that would not be a permanent end to the matter,

because there likely would be some among the peasants
willing to try again.
I said openly that I myself did not know what the results
would be, but they responded that the planting would be
“just to try,” and that God would provide. I will mention in
passing that this answer does not completely align with the
very common opinion about the agricultural backwardness of
our peasants.
Soybean seeds (of the yellow variety) were sent from
Grachev, but unfortunately were received rather late, after
various delays, so that the planting could take place only
on May 18. Several days prior to that I was to go to (p. 55)
the Novouzenskiy District and therefore I handed over the
matter to a man I chose from among the peasants, equipping
him with the instructions I had distilled from the September
book of Agriculture and Forestry (Sel’skoe khozyaystvo i
lesovodstvo), 1880.
Upon arriving in Berezovo in October, I received the
following information:
The soybean (Soja), which, incidentally, the peasants for
some reason called “Frolov beans,” was sown in two plots
of land, rich soil and clay, each a half desyatin [1 desyatin
is approximately 1 hectare]. The seeding, or the planting,
was done in rows one arshin [1 arshin = 28 in or 71.12 cm].
apart, with grains spaced approximately ¼ arshin apart in the
row (One pood of seeds was planted [as of 1899, 1 pood =
36.11 lb or 16.38 kg].) The seeds sprouted on May 29, with
more of them sprouting in the rich soil. An extended drought
which began at the end of May delayed the development
of the plants, which also suffered from some sort of insect
which consumed the sprouts, though only in their first period
of growth. (I was not able to determine exactly what insect
this was, because I later could not find the pouch holding
the several samples of the “red beetle (bukarka),” as the
peasants called it, that were taken for me. In any case, the
“red beetle” did not do much damage).
The soybeans began to blossom on August 1 and grew
quite powerfully, so that a good harvest was expected, but
early frosts killed our planting (which had been done very
late, also), so that we just managed to get back the seeds.
The more mature samples of soybeans grew up to 2 feet high
and had around 100 bean pods holding two and three grains
[each]. The number of pods in one very well-developed
sample was 126.
Some of the peasants, recognizing the conditions during
the summer of 1881 to have been completely abnormal,
decided to repeat the experiment the next year. I should note
here that the approaches the peasants intended to take in
repeating the experiment almost completely corresponded
with those indicated by Prof. Sovetov in his report on
soybeans (Soja) made last spring to the Petersburg Assembly
of Agriculturists (Peterburgskaya sobraniya sel’skikh
khozyaev’).
Last year, a planting was made on a half desyatin of
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soybean seeds collected in 1881. They were planted by the
same peasant, Nikita Zemlyanskiy, who supervised our
planting in 1881. In December of last year I received a letter
from Zemlyanskiy in which he reported the results of the
experiment. I will include an excerpt from the letter, with
spelling and some phrasing corrected:
(p. 56) “This year I planted Frolov beans on a half
desyatin. They sprouted and bloomed very well, but on July
19 there was a powerful hailstorm, which destroyed all the
sprouts down to the roots, after which there was a strong rain
and with that blessing gourds and beans began to grow from
the root. They grew well and flowered, but they were caught
by frost and did not all mature, but still I collected 4½ poods
of Frolov beans.”
Expenses to produce those 4½ poods were (except for
the cost of the seeds planted) 8 rubles.
It therefore follows, I propose, that the ability to
cultivate soybeans has been proven in Nikolaevskiy District,
Samara Governorate, where the climate, as we know, cannot
be considered gentle. Intending to continue the experiment
and counting on success, for it is certain that this year’s
planting will yield plants still better adapted to the climatic
conditions of Samara Governorate, I cannot help but express
my desire, in conclusion, that practical, useful methods for
preparing soybeans for food and for utilizing it in general
will be identified. Then this plant, so rich in nitrogenous
substances, will quickly come to occupy its due place in
agriculture.
Pavel’ YAnkovskiy.
St. Petersburg, 23 March 1883 Translated by Shelley
Fairweather-Vega, Seattle, Washington. Address: St.
Petersburg, Russia.

indigenous to Japan and now cultivated throughout eastern
Asia, because the beans are equal in protein to lupins, taste
good, and are also used for the preparation of a piquant or
pungent, brown, thickish sauce, which is used in India with
almost all meals, and is also sold in Europe to improve
broths and as a grilling, roasting, or baking sauce. However
the soy sauce (Soja) presently sold commercially in Europe
is not made from soybeans, but rather from other materials,
namely from fungi / mushrooms (Pilzen), and it is made
by us. The plant also grows in our climate although it often
does not bring its seeds to ripeness / maturity. Therefore
recommendations to grow it are uncertain.
“52. Dolichos L.” Address: Germany.

169. Fournier, Eugène. 1883. La botanique des Chinois [The
botany of the Chinese]. Revue des deux mondes: recueil de
la politique, de l’administration et des mours 59(3):907-930.
Sept/Oct. See p. 923. [3 ref. Fre]
• Summary: The soybean (le soja) is mentioned three times
on page 923 as one of the Chinese traditional five grains, as
a crop mentioned by Bretschneider (1881), and as a seed that
had been acclimatized in France according to Paillieux.

171. Geerts, Antonius Johannes Cornelius. 1883. Description
de la plante Soja hispida du Japon [Description of the
soybean plant (Soja hispida) of Japan]. In: 1883. Bulletin:
Documents officiels, statistique, rapports, comptes rendus de
missions en France et à l’étranger, Vol. 2 (deuxième année).
Ministère de l’agriculture. Paris: Imprimerie Nationale. See
p. 144-156. [5 ref. Fre]
• Summary: This is an annual periodical. Near the top of the
first page, just above and to the right of the table of contents
(Index), is written: “Yokohama, 12 July 1882.”
Contents: 1. History of the plant. 2. Description of
the plant. 3. Horticultural varieties of the plant [edamamé]
cultivated in Japan: varieties with whitish or light yellow
seeds, with black seeds, with brownish seeds, with greenish
and bluish seeds, with spotted / mottled seeds (tachetées).
4. General / synoptic table of the horticultural varieties. 5.
Cultivation of the plant in Japan. 6. Chemical composition of
soybean seeds (a table shows the composition according to
Mr. Dewars).
7. Preparation of various food products in Japan from
soybean seeds (describes in detail how each is made, plus the
final nutritional composition. The Chinese characters {kanji}
for each are given): Shoyu, miso, tofu (to-fu; fromage
végétal), preparation and composition of dried frozen tofu
(kori-to-fu; fromage végétal desséché), preparation of yuba
(légumine en feuilles, dites yu-ba). Address: Correspondent
of the Museum, Yokohama.

170. Leunis, Johannes. 1883-1885. Synopsis der
Pflanzenkunde; Ein Handbuch fuer hoehere Lehranstalten
[Synopsis of botany: A handbook for institutions of higher
learning. 3d ed. 2 vols.]. Hannover, Germany: Hahn’sche
Buchhandlung. Vol. 1, xv + 994 p. Vol 2, xxii + 1002 p. See
vol. I, p. 836. Vol. II, p. 130-32. [Ger]
• Summary: In the section on Phaseolus: “51. Soja* Moench.
*Soja or Sooja is the Japanese name of the sauce (Tunke) for
which soybeans [Soja-Bohnen] are used.
Soja hispida [hispida means rough] Moench. (S.
japonica [japonica means Japanese]). Savi (Dolichos
Soja. L.). The Japanese soybean. An annual, upright plant,

172. Gilyaranskiy, V.P. 1883. Monografiya kitayskogo
maslichnogo gorokha (Soja hispida) [Monograph of Chinese
oil-bearing pea plant (Soja hispida)]. St. Petersburg, Russia:
Printing House of “Obshchestvennaya Pol’za” Union. 48 p.
20 cm. [1 ref. Rus]
• Summary: Contents: Foreword. Part I: Natural history of
Soja hispida. 1. Soybean history (including I.G. Podoba’s
experiments). 2. Plant description. 3. Soybean varieties.
4. Summary table of soy varieties cultivated in Japan. 5.
Cultivation of soybeans. 6. Physical and physiological
properties of soybean seeds. 7. Chemical composition of
soybean seeds.
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Part II: Soybean processing and utilization. 1. Soybean
oil. 2. Shoyu [soy sauce]. 3. Mi-so [miso] sauce. 4. Vegetable
cheese to-fu [tofu]. 5. Dried vegetable cheese Kori-tofu
[dried-frozen tofu] and other varieties of tofu.
Note: This is the earliest document seen (June 2021)
that concerns soybean physiology or that mentions the
“physiological properties of soybean seeds.” Address: First
Class Technologist/Production Engineer, St. Petersburg,
Russia.
173. Royal Gardens, Kew (England). 1883. Official Guide to
the Museums of Economic Botany. No. 1. Dicotyledons and
gymnosperms. London: Printed by Eyre and Spottiswoode,
for H.M. Stationery Office. 153 p. See p. 43. 19 cm.
• Summary: “No. 174. Soy Beans (Glycine Soja, Sieb. and
Zucc.). An annual cultivated largely in India and China.
From the seed the Chinese prepare a sauce known as Soy; a
quantity of oil is also expressed from them, and the residue
after the expression of the oil is extensively used for feeding
cattle, as well as for manuring the land in China. It is made
into large circular cakes similar to that exhibited, weighing
about 60 lb.”
Note: This is the earliest edition of the Official Guide to
the Kew Museums or the Official Guide to the Museums of
Economic Botany (Kew, England) in which the soy bean is
mentioned. It is not mentioned in the 1871 or 1875 editions.
Address: Kew, England.
174. Candolle, Alphonse de. 1884. Origin of cultivated
plants. London: Kegan Paul, Trench & Co. viii + 468 p.
See p. 330-32, 442-43, 451. Index. 20 cm. (International
Scientific Series, v. 49 [i.e. 48]). Translation of Origin des
Plantes Cultivees, 1883 ed. 2nd ed. 1886. [15 ref. Eng]
• Summary: This is the first English-language edition of
this landmark work by de Candolle (lived 1806-1893), the
renowned Swiss botanist, whose father (Augustin Pyramo
de Candolle, lived 1778-1841) was also a famous botanist.
The world’s first authority on the origin of cultivated plants,

Alphonse de Candolle postulates (p. 17) that agriculture
arose independently in three regions: “China, the southwest
of Asia (with Egypt), and intertropical America.”
The section on soy is compiled from 15 earlier
publications, which are footnoted. There is no separate
bibliography at the back of the book.
“Soy–Dolichos soja, Linnaeus; Glycine soja, Bentham.
This leguminous annual has been cultivated in China and
Japan from remote antiquity. This might be gathered from
the many uses of the soy bean and from the immense
number of varieties. But it is also supposed to be one of the
farinaceous substances called shu in Chinese writings of
Confucius’ time, though the modern name of the plant is tatou. The bean is nourishing, and contains a large proportion
of oil, and preparations similar to butter, oil, and cheese are
extracted from it and used in Chinese and Japanese cooking.
Soy is also grown in the Malay Archipelago, but at the end
of the eighteenth century it was still rare in Amboyna, and
Forster did not see it in the Pacific Isles at the time of Cook’s
voyages. It is of modern introduction in India, for Roxburgh
had only seen the plant in the botanical gardens at Calcutta,
where it was brought from the Moluccas. There are no
common Indian names. Besides, if its cultivation had been
ancient in India, it would have spread westward into Syria
and Egypt, which is not the case.
“Kaempfer formerly published an excellent illustration
of the soy bean, and it had existed for a century in European
botanical gardens, when more extensive information about
China and Japan excited about ten years ago a lively desire
to introduce it into our countries. In Austria, Hungary, and
France especially, attempts have been made on a large
scale, of which the results have been summed up in works
worthy of consultation. It is to be hoped these efforts may
be successful; but we must not digress from the aim of our
researches, the probable origin of the species.
“Linnaeus says, in his Species, ‘habitat in India,’ and
refers to Kaempfer, who speaks of the plant in Japan, and
to his own flora of Ceylon, where he gives the plant as
cultivated. Thwaites’s modern flora of Ceylon makes no
mention of it. We must evidently go further east to find the
origin both of the species and of its cultivation. Loureiro says
that it grows in Cochin-China and that it is often cultivated
in China. I find no proof that it is wild in the latter country,
but it may perhaps be discovered, as its culture is so ancient.
Russian botanists have only found it cultivated in the north
of China and in the basin of the river Amur. It is certainly
wild in Japan. Junghuhn found it in Java on Mount GunungGamping, and a plant sent also from Java by Zollinger
is supposed to belong to this species, but it is not certain
that the specimen was wild. A Malay name, kadelee, quite
different to the Japanese and Chinese common names, is in
favour of its indigenous character in Java.
“Known facts and historical and philological
probabilities tend to show that the species was wild from
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Cochin-China to the south of Japan and to Java when the
ancient inhabitants of this region began to cultivate it at a
very remote period, to use it for food in various ways, and to
obtain from it varieties of which the number is remarkable,
especially in Japan.”
Soy is also mentioned as follows: “The Chinese, who
grew wheat 2700 B.C., considered it a gift direct from
heaven. In the annual ceremony of sowing five kinds of seed,
instituted by the Emperor Shen-nung or Chin-nong, wheat is
one species, the others being rice, sorghum, Setaria italica,
and soy. (p. 355).
A “General table of species” (p. 436+) shows the origin
of cultivated plants. Under those “Cultivated for the seeds–
Nutritive” (p. 442-43) is listed: “Soy–Dolichos soja Date: A.
Origin: Cochin-China, Japan, Java.”
The date code “A.” signifies (see p. 436-37) that this
Old-World species has been cultivated for more than four
thousand years, according to ancient historians, Chinese
works, and botanical and philological indications.
Also listed in this general table: Lupin, Egyptian Lupin,
Bambarra Ground Nut, three types of buckwheat, and Kiery
(Amaranthus frumentaceus, from India).
Plants native to North America: Jerusalem artichoke,
mushroom (Agaricus campestris), pumpkin and squash,
Virginia strawberry. Some other interesting plants: Tea from
Assam, China, Mantschuria [Manchuria] (p. 117). Tobacco
(p. 139). Cacao (Theobroma cacao) from tropical Brazil (p.
313). Arabian coffee from tropical Africa, Mozambique,
Abyssinia, Guinea (p. 415).
In the final chapter, “General observations and
conclusions” we read (p. 451): “Men have not discovered
and cultivated within the last two thousand years a single
species which can rival maize, rice, the sweet potato, the
potato, the bread-fruit, the date cereals, millets, sorghums,
the banana, soy. These date from three, four, or five thousand
years, perhaps even in some cases six thousand years” (p.
451).
Soy is listed in the Index in three places as follows:
Dolichos Soja, Glycine soya, and Soy.
A photo taken in 1866 (courtesy of the Harvard’s Gray
Herbarium) shows Alphonse De Candolle (1806-1893).
Note 1. This is the earliest document seen (June 2006)
that clearly refers to the cultivation of soybeans in Ceylon
(renamed Sri Lanka in 1972).
Note 2. This is the earliest English-language document
seen (Sept. 1996) that uses the word “soy” to refer to the
soybean. Since 1688, “Soy” has always referred to soy sauce.
Note 3. When de Candolle refers to the scientific name
of the soybean as Glycine soja, it is not clear whether he is
using this term incorrectly as a synonym for the cultivated
soybean, or correctly as the scientific name for the wild
soybean.
Note 4. On the title page, under the author’s name, we
read: “Foreign associate of the Academy of Sciences of the

Institute of France; Foreign member of the Royal Society of
London, Edinburgh [Scotland], and Dublin [Ireland]; of the
academies of St. Petersburgh, Stockholm, Berlin, Munich,
Brussels, Copenhagen, Amsterdam, Rome, Turin, Madrid,
Boston, etc.
Note 5. The term “centers of origin” or “centers of
origin” does not appear in this book.
Note 6. Also discussed: Bambarra ground nut (Glycine
subterranea, Voandzeia subterranea; p. 347-48). Quinoa (p.
351-52). Lupin (p. 325-27). Address: Geneva [Switzerland,
1882].
175. Franchet, Adrien P. 1884. Plantæ Davidianæ ex Sinarum
imperio. I. Plantes de Mongolie du nord et du centre de la
Chine [Plants collected by Armand David from the Chinese
empire. I. Plants from northern Mongolia and from the center
of China]. Paris: G. Masson. 390 + 27 p. See p. 100. Index.
With 27 plates. 33 cm. [Fre]
• Summary: Franchet lived 1834-1900. He states on page 1:
“Charged in 1880 by professor Ed. [Edouard] Bureau with
determining the botanical collections gathered from various
parts of China, by the reverend Armand David [a Lazarist
missionary living in or around Peking], and deposited in the
herbarium of the Museum, I present today the results of the
studies that I have made.” There follows (p. 2-11) a long
letter from Armand David to A. Franchet, written in Dec.
1881 from Paris, explaining David’s collection work.
Note 1. The word “Lazarist” (first used in English in
1747) derives from the College of St. Lazare, Paris, former
home of the congregation. Today a Lazarist (Catholic) is
more likely to be called a Vincentian (a word first used in
English in 1854). Merriam-Webster’s Collegiate Dictionary
(1998) defines this as “a member of the Roman Catholic
Congregation of the Mission founded by St. Vincent de
Paul in Paris, France, in 1625 and devoted to missions and
seminaries.”
Page 100 mentions two Glycine species, the wild and
the cultivated soybean, found growing in Mongolia. The
exact text reads, in translation: “272.–G. soja, Sieb. et Zucc.
Siebold and Zuccarini. 1875 Florae Japonicae familiae
naturales, no. 14. China: Found on the plain of Peichih-li
(Petchély, northeast of Peking; specimen no. 579). Mongolia:
Found at Jehol (Géhol), on the edges of streams (bords des
ruisseaux; specimen no. 2191).
“273.–G. hispida, Franch. et Sav. Franchet and
Savatier. 1875. Enumeratio Plantarum in Japonia sponte
crescentium... Vol. 1, p. 108. Soja hispida Moench. 1794.
Methodus plantas horti botanici... p. 153. Mongolia: Found
at Jehol (Géhol), where the plant is commonly cultivated
(specimen no. 1930).
Note 2. This is the earliest document seen concerning
soybeans in Mongolia, or the cultivation of soybeans in
Mongolia. This document contains the earliest date seen
for soybeans in Mongolia, or the cultivation of soybeans
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in Mongolia (by 1875). The source of these soybeans is
unknown.
Note 3. Jehol is a city located about 110 miles northeast
of Peking on the Luan River in Hopeh (or Hopei; pinyin =
Hebei) province. It was famous historically as the summer
residence of the Manchu emperors of China. This city was
the capital of the former Jehol province, which was located
north of (outside) the Great Wall. It was long considered a
part of Mongolia (in what would be today’s Inner Mongolia).
Later it occupied the northern part of Chihli province in
China proper, from which it was separated in 1928 to
become a province of southwest Manchuria. From 1933
to 1945, with reduced area, it was a province of the newly
established Japanese state of Manchukuo with its capital at
Ch’eng-te. After about 1950 it became a province of China.
In 1955 the province was divided among Inner Mongolia,
Hopeh, and Liaoning. Today the city of Jehol is known as
Ch’eng-te (Wade-Giles) or Chengde (pinyin), and is located
in China in Hopeh province. Thus, at the time that soybeans
were reported at Jehol in this book, it was in Mongolia,
but today it is in China. The Altai Mountains and the Gobi
Dessert along the southern border of Mongolia make the
country very inaccessible from the south.
Note 4. Chihli (French Tché-li) is a former province in
northeastern China; its capital was Peking, and other major
cities in 1909 were Paotingfu or Pautingfu [later Baoding,
Hebei], Shiling, and Tientsin.
Note 5. In Vol. II of this work, on the plants of eastern
Tibet (Moupine province), the author notes on page 173
that soybeans (both wild and domesticated) were observed
in Peking, but not in Moupine, Kiangsi (Kiang-si), Shensi
(Chensi), or southern Mongolia. Address: Attaché à l’herbier
du Muséum [Attaché to the Herbarium of the Museum of
Natural History, Paris].
176. Matsumura, Jinzô. 1884. Nippon shokubutsumeii; or,
nomenclature of Japanese plants in Latin, Japanese, and
Chinese. Tokio, Japan: Z.P. Maruya & Co. 209 p. + xciii. See
p. 87. Supervised by R. Yatabe, Prof. of Botany in the Univ.
of Tokio. Added title page in Japanese. 22 cm. 2nd ed. 1895.
Third ed. 1916. [Lat; Jap; Chi]
• Summary: Matsumura lists two species of Glycine: “1,029.
G. hispida, Moench.–Leguminosae. ô-mame, mame, daizu”
(in Chinese characters).
“1,030. Glycine Soja, Sieb. et Zucc. tsuru-mame, nomame” (Has no Chinese characters). Address: Asst. Prof. of
Botany in the Univ. of Tokio, Japan.
177. Report on the Progress and Condition of the Royal
Gardens at Kew. 1884. Soy beans. p. 42-43. During the year
1882. [1 ref]
• Summary: Contains a long quote from proceedings of the
Agri-Horticultural Society of India, 5 Jan. 1883. The article
concludes by noting that “Specimens of the beans, as well

as of the oil and one of the cakes weighing about 60 lb, may
be seen in the Museum of Economic Botany of the Royal
Gardens.” Address: Royal Botanic Gardens, Kew, Surrey,
England.
178. Balfour, Edward. 1885. The Cyclopædia of India
and of eastern and southern Asia, commercial, industrial,
and scientific; products of mineral, vegetable, and animal
kingdoms, useful arts and manufactures. 3rd ed.: Glycine
hispida, Bentham. London: Bernard Quaritch. See vol. 1, p.
1213. 26 cm.
• Summary: Soja hispida, Moench, from Glykys, sweet, the
roots and leaves of most of the species being so. An annual
herb of India, China, and Japan; the main ingredient of the
Soja condiment. G. Soja, Sieb, is said to be distinct from G.
hispida.
There follows a detailed description of Glycine Sinensis
[Wisteria or Wistaria], considered one of the most beautiful
plants in Chinese gardens. Address: 2 Oxford Square,
Hyde Park, London [England]. Founder of the Madras
Muhammadan Library; of the Government Central Museum,
Madras; of the Mysore Museum, Bangalore [India].
179. Candolle, Alphonse de. 1885. Origin of cultivated
plants. New York, NY: D. Appleton and Co. viii + 468 p. See
p. 330-32, 443, 451. The International Scientific Series Vol.
48. Translation of Origin des Plantes Cultivees, 1883 ed. 2nd
ed. 1886. Reprinted in facsimile in 1959 by Hafner Publ. Co,
New York. 19 cm.
• Summary: This is the first U.S. edition of this landmark
work by de Candolle (lived 1806-1893), the renowned
Swiss botanist, whose father was also a famous botanist.
The section on soy in this edition is identical to (in fact, a
facsimile of) that in the first British edition published in
London in 1884.
De Candolle was the first to recognize that information
from botany, philology, geography, and archaeology must
be integrated if scholars were to understand the origins of
agriculture. He tried to determine the regions where most of
the world’s important crops were first domesticated. Address:
Foreign Assoc. of the Academy of Sciences of the Inst. of
France.
180. Harz, C.O. 1885. Landwirthschaftliche Samenkunde:
Handbuch fuer Botaniker, Landwirthe, Gaertner, Droguisten,
Hygieniker. Vol. II. [A collection of agricultural seeds:
Handbook for botanists, farmers, gardeners, druggists/
pharmacists, and hygienists. Vol. II.]. Berlin: Verlag Paul
Parey. 1362 p. See p. 688-99. Illust. Index. 22 cm. [14 ref.
Ger]
• Summary: Beginning on page 688 is a long section titled
on the Phaseoleae, or bean-like plants. Following a brief
introduction, there is an overview of four major genera,
starting with Soja Moench, the soybean. Within the species
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Soja hispida, the author creates two groups of “groups of
races” (Rassengruppe) and gives his own classification
of 8 soybean varieties by seed structure–first presented in
1880 (which see). The first group he calls “Rassengruppe
I, der Soja platycarpa, Hrz.” Flat-seeded soybeans. The
varieties are 1. olivacea (olive-brown soybean). 2. punctuata
(speckled). 3. melanosperma (long, black seeds). 4.
platysperma (from Martens, flat black seeds). 5. parvula
(from Martens, small black seeds).
The second group he calls “Rassengruppe II, der Soja
tumida, Hrz.” Roundish or bloated / turgid seeds. 6. pallida
(from Roxb. [Roxburgh] and Martens). 7. castanea (brown
seeded). 8. atrosperma (black and round).
Harz (now the artist) gives detailed illustrations (p.
694) of the morphology of six different parts of the soybean:
I. Pods, showing seeds inside of one. II. Seeds, including
hilum. III. Section of the seed cut crosswise into halves.

IV. Section of the seed cut lengthwise into halves. V.
Cross section of the seed coat, showing the various layers,
including palisade layer. VI. Cross section through the hilum
(Nabelgegend). VII. One of the cells of the cotyledon filled
with aleurone grains and fat.
Note: This is the earliest document seen (Jan. 2010) that
mentions “aleurone” or “aleurone grains.” Aleurone (from
the Greek aleuron, meaning flour) is a protein found in the
protein granules of maturing seeds and tubers.
Tables show: (1) Details on seven samples of seeds of
Soja tumida–6. pallida, including length, height, thickness
(all in millimeters), and weight per 100 seeds (p. 692). (2)
The nutritional composition of 19 different soybean samples
reported by various previous investigators, including Carriere
(1880, Paris), Knich [Kinch?, “The Chemic. News” 1879,
Japan], Senff (1872), Zulkowski (1877), Eugling (1879),
Weiske, Dehmel & Schulz (1879), Schwackhoefer (see
Lehmann 1878), and Wein (1881). For each
sample is given the percentage content of
water, protein, fat, nitrogen-free extract,
crude fiber, and ash (p. 697). (3-4) Three
analyses of soybean seeds conducted by
Pellet (1880) on soybean seeds from China,
Pressburg [part of Hungary], and Etampes,
France (p. 697-98).
Under Rassengruppe II, on page 696,
Harz discusses the kernels of starch in
soybeans: Starch kernels are not found
in fully ripened seeds, but sometimes in
insufficiently ripened seeds, as well as
in the immature seeds in quantity / bulk
(Menge). However they are small and have
no similarity / resemblance to the typical
beans and sweet peas. Soybeans harvested
in Munich in 1882 were found to have
ample amounts of starch [grains] in the
cotyledon of up to 20 microns in diameter.
Also discusses: Chickpeas, peanuts (p.
638-43), and sesame seeds (p. 959-63).
Note: Pressburg [Bratislava] became
the capital of Slovakia in 1918.
Address: Dr., Professor, Koenigliche
Centralthierarzneischule und Privatdozent
der Botanik an der technischen Hochschule
zu Muenchen.
181. Jahresbericht Ueber die Fortschritte
der Pharmakognosie, Pharmacie und
Toxikologie (Jahresbericht der Pharmazie).
1885. Pharmakognosie: Arzneischatz
des Pflanzenreiches [Pharmacognosy:
Accumulated knowledge of medicine
concerning the plant kingdom]. 20:18-180.
New Series. See p. 117. Publ. by Heinrich
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Beckhurts in Goettingen. [1 ref. Ger]
• Summary: In the section on Papilionaceae (p. 113-25),
there is a paragraph on Soja hispida (p. 117) which states:
The fact was recently observed by Hanausek (see Jahresber.
1883/4, p. 279) that in the soybeans, as it seems constant,
there are starch granules. C.O. Harz confirmed this several
years ago. He grew soybeans in Munich.
Note: Webster’s Dictionary defines pharmacognosy (a
term first used in about 1885) as “descriptive pharmacology
dealing with crude drugs and simples.” Address: Professor,
Koenigliche Centralthierarzneischule und Privatdozent der
Botanik an der technischen Hochschule zu Muenchen.
182. Kraus, C. 1885. Ueber amphotere Reaktion der
Pflanzensaefte [On the amphoteric reaction of plant juices].
Berichte der Deutschen Botanischen Gesellschaft 3:XXXXVI. See p. XXV. [14 footnotes. Ger]
• Summary: “Amphoteric” means: capable of reacting
chemically either as an acid or as a base. It has been reported
that the juices of various plant species show an amphoteric
reaction. Under Soja hispida (the soybean, p. XXV) we
read: Plants in bloom. The pulp juice (Marksaft) of the
older internodes is rather strongly alkaline, very weakly
acid; the younger internodes are strongly acidic, weakly
alkaline. Address: Plant Physiology Inst., Royal Agricultural
College, Berlin [Pflanzenphysiologisches Institut der Königl.
landwirthschaftlichen Hochschule in Berlin].
183. Mene, Édouard. 1885. Des productions végétales du
Japon [The vegetable products of Japan]. Paris: Au Siège de
la Société Nationale d’Acclimatation. 592 p. Index. 24 cm.
[34 soy ref. Fre]
• Summary: The title page states in small letters: Extrait du
Bulletin de la Société Nationale d’Acclimatation, indicating
that much of the material in this book is based on articles
previously published in this French-language Bulletin.
However many other early books on Japanese agriculture
have also been consulted and are carefully cited.
In the Introduction, the author explains that he was
appointed by the Society for Acclimatization to prepare this
report on the vegetable products of Japan which had been
exhibited at the Universal Exposition of Paris in 1878–in two
parts. Those displayed by the Japanese firm Trocadero, and
those displayed in the galleries of the palace at Champ-deMars. The author and many others were deeply impressed by
this exhibition.
Grains (class 69, p. 31): Wheat or rice are mixed with
beans or peas and fermented to make shoyu and miso. Shoyu
is one of the most widely used condiments in Japanese
cuisine. The method of production is described briefly.
Among the condiments displayed in class 74 were a number
of flasks of shoyu from Tokyo.
Legumes (p. 40-47): Discusses soybeans, tofu, azuki
beans (Phaseolus radiatus var. subtrilobata, p. 42-44;

incl. yayenari, red, white, black, and yellowish azuki,
Dainagon azuki, azuki flour, an, yokan), shoyu, soybeans
(Pois oléagineux, Soja hispida, p. 45-46; incl. Kuro-mame
{Black soybeans}, various colors and shapes of dry soybeans
{green, yellowish, large yellowish, greenish black, brownish
red, white, large red}).
There is also a special, long section on soybeans (Soja
hispida. O mame: Daizu; p. 270-83) and soyfoods. In the
Japanese exposition, the display of useful products (tableau
des productions utiles) designates: No. 24. Kuro-mame.
Black-seeded soybeans, the size of an average sized haricot
bean. No. 25. Shiro-mame. White-seeded soybeans, spotted
/ flecked / speckled / mottled (tachetées) with gray. No. 26.
Ao-mame. Greenish-seeded soybeans. No. 34. Gankui-mame.
Black-seeded soybeans, flecked with white.
The soybean (Le Soja) is cultivated in Japan, India,
Ceylon, the Malacca peninsula [today’s Malaysia], the
Philippine islands, Borneo, Java, the kingdom of Siam,
Cochin China, Tongkin (Tong-King), and throughout China,
primarily in Mongolia and in the provinces of Henan /
Honan, Liaoning (Shenking), Shandong / Shantung, and
Shanxi / Shansi (Chan-si).
The Chinese exposition (class 73) contained samples
of all the varieties of soya cultivated in all the provinces of
the empire. Nos. 2991 to 3000. Green, white, black, yellow,
striped or variegated, and reddish soybeans, provided by
the Chinese customs office at Newchwang. Nos. 3014-16.
Yellow, black, and green soybeans from the customs office
at Tientsin. Nos. 3058-61. Yellow, green, and black soybeans
from customs at Yantai / Chefoo. No. 3091. Yellow soybean
from customs at Chinkiang. Nos. 3013-19. White, red, black,
and yellow soybeans from customs at Shanghai. Nos. 312528. White, black, red, and green soybeans from customs at
Wenzhou / Wenchow. Nos. 3152-56. White, green, and black
soybeans from customs at Kao-hsiung (Takow).
The soybean is one of the plants most widely used in
Japan and China for both food and industrial purposes. As
indicated previously, shoyu, miso, and tofu are indispensable
to the Japanese diet. Samples of these products were
displayed in the Japanese exhibit in class 74 (condiments and
stimulants); they came from Tokyo and from the province
of Hizen, mainly from the town of Nagasaki. In the Chinese
exhibit, also in class 74, were samples of (soye) or (soya)
which are similar to Japanese shoyu but are called Chiang-yu
(Tsiang-yeou) in China. They were provided by the customs
offices at Yantai / Chefoo, Ning-po, Wenzhou / Wenchow,
and Canton. For aroma, the Chinese often add star anise,
green anise, and orange peel. Chinese soy sauce is made
from yellow soybeans (Houang-téou).
Note: This is the earliest French-language document
seen (March 2021) that uses the term Chiang-yu to refer to
soy sauce.
Note: This is the earliest document seen (Jan. 2006)
describing a soy sauce made with star anise, green anise,
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orange peel or other spices or herbs outside of Indonesia.
A detailed description of the method for making
Japanese shoyu is given, excerpted from the book Le Japon
à l’Exposition universelle de 1878 [Japan at the Universal
Exposition of 1878] (1878, vol. II, p. 124). Additional
excerpts concerning shoyu, miso, and tofu are taken from:
Simon 1862, Kaempfer 1712, Bulletin of the Society for
Acclimatization 1880 (p. 248), and Champion 1866.
In France, Mr. Vilmorin and Dr. Adrien Sicard (of
Marseilles), who are both involved with soybean cultivation,
have prepared soy cheese (fromage de Soja) numerous times.
Dr. Sicard has made both the white cheese [probably tofu]
and the red cheese; the latter is rolled in a powder made by
grinding red sandalwood (santal; Pterocarpus santalinus),
mace, and cinnamon (p. 276).
One of the most important soy products is the oil,
which is obtained from the seeds–especially the large yellow
soybeans that the Chinese call Houang-téou. The Japanese
do not make soy oil (huile de Soja) but in China manufacture
of this product gives rise to considerable commerce. Fremy
(1855) found that soybean seeds contain 18% oil. The oil is a
drying oil, yellow in color and with a special odor and a taste
of dried legumes, similar to that of peas. It is used in cooking
and illumination. In China, quite a few soy oil factories are
found at Calfond in Henan, at Tsinan in Shantung, and at
Tayeurn in Shanxi. But the center of soy oil production in
China is Ning-po in Zhejiang / Chekiang. From the port
of Ning-po and from a port on the island of Tcheou-chan
[Zhoushan?] a large number of junks, carrying only soy oil,
depart. Two other manufacturing centers are Newchwang
and Chefoo. There follows a detailed description (p. 276-77)
of how soy oil is obtained from soybeans.
Another common use is as fermented black soybeans
(Chi) which (according to Stanislas Julien) contain soybeans
mixed with ginger and salt. Kiu-tsee is a fermented soy
product made in Canton; it contains red rice, soybeans, and
the leaves of Glycosmis citrifolia. The Chinese also make
a pasta and a sort of vermicelli from soybean seeds named
Hou-mi-téou.
The stems and leaves make excellent forage. Black
soybean seeds are often mixed with chopped soybean
hay and fed to horses and mules in northern China and
Manchuria.
In Japanese and Chinese medicine, black soybean
seeds, ground and made into a decoction, are used to combat
asthma attacks.
There follows a long history (p. 277-83) of the
introduction of the soybean to Europe (starting at the Jardin
des Plantes in Paris, in 1740 or 1779) and its acclimatization,
based largely on articles from the Bulletin of the Society for
Acclimatization. It includes a summary of the work of Prof.
Haberlandt in central Europe.
Also discusses: Japanese plum trees (Prunus mume)
and umeboshi salt plums (p. 52-54, 466-67). Sesame seeds

and sesame oil (p. 54-55). Amaranths (p. 63-64). Job’s
tears (Coix lacryma; p. 214-15). Kudzu, kuzu powder, and
kuzu cloth (Pueraria Thunbergiana; p. 283-85). Peanuts
and peanut oil (Arachis hypogæa, Tojin-mame; p. 286-87).
Sesame seeds and sesame oil (Sesamum indicum, Goma; p.
518-20). Hemp and hemp oil (Cannabis sativa, Asa; p. 55859). Address: Médecin de la Maison de Santé de Saint-John
de Dieu [Paris, France].
184. Welch, Adonijah Strong. 1885. Report on the
organization and management of seven agricultural schools
in Germany, Belgium, and England (Continued–Document
part II). Washington, DC: Government Printing Office.
107 p. See p. 73-77. Made to Hon. George B. Loring, U.S.
Commissioner of Agriculture.
• Summary: Continued from page 76: “The following are
means of various analyses made in Japan of food products
obtained from the soy bean, and which are largely consumed
there:”
Table 5, titled “Percentage composition,” shows the
percentage content of the six constituents listed above in four
Japanese food products: White miso, red miso, bean cheese
[tofu], and frozen bean cheese [dried frozen tofu].
Note 1. This is the earliest English-language document
seen (April 2013) that uses the term “frozen bean cheese” to
refer to dried-frozen tofu.
“The ash of miso consists mainly of common salt, which
is added in the process of manufacture.
“The ash of the soy bean was found, as a mean
of several samples, to have the following percentage
composition. The composition of that of the straw is also
given: Table 6 (untitled) lists the percentage composition of
each of the following constituents in soy bean ash and soy
bean straw ash: Potash, soda, lime, magnesia, ferric oxide,
chlorine, phosphoric pentoxide, sulphur trioxide, and silica.
“The crop takes from the soil a large amount of valuable
mineral constituents, phosphoric acid and potash, as well as a
large amount of nitrogen.
“The results of the German and Austrian experiments
show that where temperature is not too low, the result of the
harvest as compared with that of ordinary beans or peas is
exceedingly satisfactory.
“The kinds most suited for cultivation there are the
yellow, brown, round black, and long black varieties, i. e.,
pallida, castanea, atrosperma, and melanosperma, especially
the first three named. They require a vegetation time of
about one hundred and fifty days, during which the average
temperature must be about 58º F. (14.3 C.), and number of
heat units (the average temperature multiplied by the number
of days) [Wärmesummen] about 2,100 C. They may be sown
the beginning of May and harvested the end of September or
even the beginning of October.”
Note 2. This is the earliest English-language document
seen (July 2019) that uses the term “heat units” in connection
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with soybeans.
“The seeds should not be sown deeply, not more than 1
to 1½ inches deep, and about eighteen plants to the square
yard may be left after weeding and thinning out. The plants
grow to a small bush about 2½ feet high, and produce pods
with two to five seeds. The most suitable soil is a peaty soil,
or one containing a good deal of organic matter, and the next
most favorable is a calcareous soil. Nitrate of soda has been
found to be a good manure for the crop in Germany and
also potash salts, especially potassium sulphate. Ammonium
sulphate did not give as good a return as the same amount
of nitrogen in the form of nitrate; on soils poor in organic
matter it would probably be better to supply the nitrogen in
some organic combination, such as rape-cake, shoddy, and
the like. Phosphoric acid, especially as a dicalcic phosphate
was a help on some soils.
“Field experiments made by myself on this crop in
Japan showed that wood ashes had a good effect, and that
anything like an excess of nitrogen was very harmful to the
yield of grain. In that country the plants are often sown on
the dividing ridges between the plots of paddy and without
any manure. The yield of seed and straw in the German
experiments compares very favorably with that of peas and
beans grown under the same conditions; from 2,000 to 3,000
pounds of seed and from 5,000 to 10,000 pounds of straw per
acre have been obtained.
“Feeding experiments with the produce have been made
with pigs, sheep, oxen, and milch cows, and with very good
results. The bean is a most excellent addition to other foods,
especially such as are deficient in nitrogenous matter and
fat. The digestion coefficients of the nitrogenous matters of
the fat and of the non-nitrogenous matter of the soy bean,
and also in the cake left after its pressure for oil, closely
approximate to 90 in each case. As a mean of two direct
experiments with soy bean straw, the digestion coefficients
were found to be as follows: Nitrogenous matter 60.8, fat
6.2, fiber 33.6, and non-nitrogenous extractive matters 69.0.
The hulls are rather less digestible.
“The albuminoid ratio in the bean is about 1 to 2.3,
in the straw 1 to 8.1, in the hulls about 1 to 20, and in the
cake 1 to 1.3. An analysis of the cake shows: Water 13.4%,
nitrogenous matter 40.3%, fiber 5.5%, carbohydrates 28.1%,
fat 7.5%, ash 5.2%. Total: 100.0%.” Note: This is the
earliest document seen (Dec. 2020) that contains the term
“albuminoid ratio.” It is later defined as “Nutritive ratio
(NR): It is the ratio of the digestible protein to the sum of
digestible carbohydrates and fat, the latter being multiplied
by 2.25. It is also called albuminoid ratio.”
“In good condition it would be a valuable addition to our
feeding cakes, but it is too highly valued in the East to enable
it to be imported to any extent at a profit.
“The soy bean plant has considerable power of resisting
unfavorable climatic influences, as cold, drought, and wet;
and appears to be particularly free from insect attacks, and,

indeed, from all parasites; this last, if it continues, is by no
means a slight advantage. The soy beans are eagerly bought
by the natives of Southern Italy, an almost vegetarian race;
that they are easily digested I can speak from experience,
having frequently used them on my table, cooked after the
manner of haricots. Taking into account the great richness
of these beans in valuable food constituents, their easy
digestibility, the value of the straw, and the great probability
of some variety being able to be acclimatized without great
trouble, this Soja hispida is worth consideration. The bean
would form an exceedingly useful addition to the food of the
poorer classes, as a substitute for a portion of the animal food
which in the kitchens of the laboring classes is so wastefully
cooked. One use it has already found, not altogether to be
commended, viz., after roasting, as an adulterant of and
substitute for coffee.
“We have procured seeds of several varieties direct
from Japan, and of one variety from Germany, and these are
now being cultivated in the botanic garden. They were sown
rather late, and the month of June has not been favorable
to their growth, but some of the varieties promise fairly.”
Address: LL.D., Ames, Iowa.
185. Forbes, Francis Blackwell; Hemsley, William Botting.
1886-1888. Enumeration of all the plants known from China
proper, Formosa, Hainan, the Corea, the Luchu Archipelago,
and the island of Hongkong; Together with their distribution
and synonymy. J. of the Linnean Society of London, Botany
23:1-521. See p. 188-189. [14 ref]
• Summary: Discusses the following Glycine species: 1.
Glycine hispida Maxim. Cultivated throughout China and
Japan and other parts of Asia. 2. Glycine Soja, Sieb. et Zucc.
Grows in Amur, Mandshuria [Manchuria], and Japan. “This
may be the wild form of the foregoing cultivated plant, and
it is treated as such by most botanists; but as it is so easily
distinguished, we follow Maximowicz in keeping them
apart.”
3. Glycine tabacina, Benth. Described near Amoy
in Fokien [Fukien / Fujian province] by Sampson, and
at Whampoa [Huangpu] in Kwangtung [province in
southeastern China, which contains Canton] by Hance.
Grows in New Caledonia, and very widely diffused in
Australia.
4. Glycine tomentosa, Benth. Described at Talienwhan
in Shingking by Swinhoe, hb. Hance, and at Amoy in Fokien
by Sampson, hb. Hance, and at Tamsui in Formosa [today’s
Taiwan] by Oldham. Grows in the Philippine Islands and
Eastern Australia. “[Walpers, in Nov. Act. Nat. Cur. xix.,
Suppl. i. p. 324, records Johnia Wightii, Wight et Arn. =
Glycine javanica, Linn., a common Asiatic and African plant
from Cape Lyngmoon.]”
The frontispiece, facing the title page, is a detailed, foldout map showing all of China and Corea [Korea], showing
Chinese provincial boundaries, and major cities and rivers.
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Note: This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives of
soybeans) in Taiwan; cultivated soybeans had not yet been
reported in this country. No mention is made of soybeans or
their wild perennial relatives in Korea or Hong Kong.
See also: The peanut (p. 171) “Arachis hypogaea... a
South-American plant, is cultivated in China, as in most
warm countries.
Pueraria Thunbergiana (p. 191-92; long and detailed
discussion, with many references). Address: 2. Asst. for India
in Herbarium of the Royal Gardens, Kew.
186. Candolle, Alphonse de. 1886. Origin of cultivated
plants. 2nd ed. London: Kegan Paul, Trench & Co.; New
York, NY: D. Appleton and Co. viii + 468 p. See p. 330-32,
355, 443, 451. Translation of Origin des Plantes Cultivees,
1883 ed. 2nd ed. 1886. The latter reprinted in facsimile in
1959 by Hafner Publ. Co, New York. Index. 20 cm. [15 ref]
• Summary: The main section on soy in this edition is
identical to (in fact, a facsimile of) that in the 1885 edition
by the same publisher in New York.
The author, a famous Swiss botanist, whose father was
also a famous botanist, lived 1806-1893. Address: Geneva,
Switzerland.
187. Kew (England) Royal Botanic Gardens. 1886.
Official Guide to the Museums of Economic Botany. No.
1. Dicotyledons and gymnosperms. 2nd ed., revised and
augmented. London: Printed by Eyre and Spottiswoode, for
H.M. Stationery Office. 173 p. See p. 48 for soy. 19 cm.
• Summary: In the section titled “Leguminous order
(Leguminosæ)” (p. 43-65), Case 28, No. 174 (p. 48) is
about “Soy Beans (Glycine Soja, Sieb. and Zucc.). An
annual, cultivated largely in China and India. From the seed
the Chinese prepare a sauce known as Soy; a quantity of
oil is also expressed from them, and the residue, after the
expression of the oil, is extensively used for feeding cattle, as
well as for manuring the land in China. It is made into large
circular cakes similar to that exhibited, weighing about 60
lbs.”
Also mentioned in this section are Sunn hemp of India,
lupins, indigo, tragacanth, ground nuts, gram or chick pea,
lentils, (Pueraria Thunbergiana, the Ko of China or Kuzu
of Japan), ordeal beans of Old Calabar, green gram of India
(Phaseolus Mungo), and Bambarra ground nut (Voandzeia
subterranea). Address: Kew, England.
188. Kuehn, Julius Gotthelf. 1887. Die zweckmaessigste
Ernaehrung des Rindviehes vom wissenschaftlichen und
praktischen Gesichtspunkte. Neunte, sehr vermehrte und
verbesserte Auflage [The most appropriate feeding / nutrition
of cattle from scientific and practical viewpoints. 9th, greatly
enlarged and improved edition]. Dresden, Germany: G.
Schoenfeld’s Verlagsbuchhandlung. vi + 364 p. See p. 335-

40, 349-50. Illust. Index. 21 cm. [Ger]
• Summary: On the title page of this book is written: “Das
Auge des Herrn mästet sein Vieh.” This can be translated:
“The eye of the master fattens his cattle.”
This book is divided into two main parts: (1) The
physiology of nutrition (Ernährung). (2) Feeding (Fütterung)
of cows.
The Introduction begins: The rational operation of the
raising of livestock (Betrieb der Viehzucht) is the foundation
for the flourishing of farming and for the profitability of the
entire agricultural operation.
Table A, titled “Percentage composition of feedstuffs
(Futtermittel)” gives values (dry matter, protein, fat,
nitrogen-free extract, crude fiber, average ash content)
for many different feedstuffs, including the following
(p. 335-46): Soybean hay (Heu von Sojabohnen),
soybean straw (Sojabohnenstroh), soybean pods / hulls
(Sojabohnenschalen), yellow soybean seeds (Sojabohne,
gelbe), brown soybean seeds (Desgl., braune), Chinese
oilbeans (Chinesische Oelbohnen), [soybeans].
Table B, titled “Digestibility of the different feed
components (Futterbestandtheile)” gives values (with
minimum, maximum, and average, for protein, fat, nitrogenfree extract, and crude fiber) for the following (p. 347-54):
Soybean hay, soybean straw, and soybean pods / hulls.
These tables also gave values for all cereal grains used
as feed, buckwheat, Saubohnen, peas, vetches, linseed,
yellow lupins, blue lupins, serradella, rapeseed, hempseeds,
sunflowerseeds, madia seeds, leindotter seeds, cottonseeds,
sesame seeds, palm kernels, peanuts, acorns.
Note: Julius Kühn lived 1825-1910. Address: Privy
Councillor, Full Public Prof. and Director of the agricultural
inst. at Halle Univ., previously a practical farmer (Geheimen
Regierungs-Rath, ordentlicher öffentlicher Professor und
Director des landwirthschaftlichen Instituts der Universitaet
Halle, frueherem praktischen Landwirthe).
189. Laurens Advertiser (The) (Laurens, South Carolina).
1888. A bonanza in beans: a practical farmer’s experiments
with a new food and forage crop. March 28. p. 1.
• Summary: From the Greenville News [Greenville, South
Carolina]: “The popular idea of a bean crop is a few rows
of plants in a garden intended to supply the family table
for the vegetable season, and a field of beans would only
be looked for in an immense truck farm. But B.F. Perry has
been experimenting on his Sans Souci farm near the city
with a new variety of bean, which he believes is calculated to
revolutionize the agriculture in this country by furnishing a
wonderfully prolific, valuable and cheap food and feed crop
that can be adapted to any soil.
“The new vegetable is called the ‘Soja Bean.’ It came
from China, whence civilized Europe has captured so many
of its most valuable discoveries. and was introduced in
Europe at the Vienna Exposition. The cultivation of the bean
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spread rapidly in Europe, whence it naturally spread to this
country. Mr. Perry saw accounts of its remarkable growth
and general food value, and along with Col. Wash Shell of
Laurens, he ordered last fall a peck of the ‘Soja’s’ from T.W.
Wood & Son of Richmond, Virginia, paying $1.50 a peck.
He planted an acre and last fall gathered 39 bushels exclusive
of eleven bushels wasted, which he sold for $1. a peck or $4.
a bushel, making $156 as a return for the acre.
“Mr. Perry is delighted with the new crop and has great
faith in its possibilities. The bean will grow in any soil, he
says. It does well in low ground, too wet for anything else
and yet it is hardy enough to stand the severest drought. It
requires less cultivation than cotton, being planted in rows
three feet apart and two feet apart in the drill with three
stalks in a hill. The bean are about the size of cow peas,
yellow when dried, and in a pod and the pods grow thickly
on a stalk about like an ordinary cotton stalk. The plant sheds
its leaves, furnishing fertilizing material for the ground equal
to cow pea vines, and the crop is harvested by pulling the
stalks up by the roots and storing them in barn until they are
cured. Then the beans easily shell out and the stalks can be
fed to cattle, making a feed which experts, Mr. Perry says,
consider equal to Timothy hay.
“The great value of the Soja bean, however, comes
in the bean itself. It produces prolifically, making on rich
ground with good cultivation, 100 bushels an acre. The
fruit, according to analysis, contains twice as much nutritive
matter as either corn or cow peas. As a feed for cattle it is far
better, Mr. Perry says, than cow peas, and it makes a splendid
table dish. The beans are so rich that they can be cooked in
water alone, not requiring any butter.
“Mr. Perry expects to plant several acres in the beans
this season. He has had demands for more than last year’s
crop for seed, sending some shipments to Arkansas and
Alabama. He has furnished President McBryde, of the State
College, with supplies of seed for the State Experimental
Stations, and has shipped sample lots to many prominent
farmers in the State. He believes the Soja bean is the coming
crop for this country for farmers who have stock.”
Note: If the soybeans / soja beans that Mr. Perry says he
sent to Alabama actually arrived in that state, (which seems
likely) this would be the 2nd earliest document seen (March
2021) concerning soybeans in Alabama.
190. Royal Botanical Garden of Monaco. 1889. Delectus
seminum in Horto R. Botanico Monacensi Collectorum.
Anno 1889 [List of seeds in the collection of the Royal
Botanical Garden of Monaco. Year 1889]. Principality of
Monaco. 8 p. Dec. [Lat]
• Summary: The plants are listed alphabetically by family,
and within each family alphabetically by scientific names on
unnumbered pages. Under Papilionaceae there is a one-line
entry for Soja hispida Moench.
Note: This is the earliest document seen (March 2021)

concerning soybeans in Monaco. This document contains the
earliest date seen for soybeans in Monaco (Dec. 1889).
Note: Even though soybean seeds are owned by the
garden, we cannot be sure that the soybean was cultivated
there. Address: Monaco.
191. Forbes, Francis Blackwell; Hemsley, William Botting.
1889-1902. Index flora sinensis: Enumeration of all the
plants known from China proper, Formosa, Hainan, the
Corea, the Luchu Archipelago, and the island of Hongkong;
Together with their distribution and synonymy. 3 vols.
London: Taylor and Francis. Illust. 22 cm.
• Summary: The content of this book is identical to the three
articles that appeared in the Journal of the Linnean Society,
vols. 23, 26, and 36. Glycine species were discussed in Vol.
23. See p. 188-189.
192. Boerlage, J.G. 1890. Flora van Nederlandsch Indie
[Flora of the Netherlands Indies (Indonesia)]. Leiden: E.J.
Brill. See Vol. 1, p. 370-71. Index. 22 cm. [3 ref. Dut]
• Summary: There are about 12 species of Glycine in
tropical Africa, Asia, and Australia. The genus Glycine,
according to the opinion of Bentham and Hooker, consists
of two sub-genera: 1. Glycine, in the limited sense; 2. Soya,
which is distinguished by its wide, sickle-shaped pod. In the
past, writers considered both a genus. The approximately
four varieties found in the Dutch Indies belong to the second
subgenus, which was described by Miquel, also under the
name of Soya Savi. Both kinds, which can be found in
Miquel’s Flora under the name of Glycine, are classified in
the genus Teramnus Sw. by Bentham and Hooker. Address:
Dr., Conservator aan ‘s Rijks Herbarium te Leiden.
193. Henderson, Peter. 1890. Henderson’s handbook of
plants and general horticulture. New ed. New York, NY:
Peter Henderson & Co. 528 p. Illust. Index. 27 cm.
• Summary: Soy is mentioned in three places in this book:
The main entry is under “Soja” (pronounced So’ja) (p. 417),
which states: “From sooja, the name of a sauce made from
the seeds in Japan. Nat. Ord. Leguminosæ.
“S. hispida is a climbing annual plant allied to
(Dolichos). It is much cultivated in tropical Asia on account
of its beans, which are used for preparing a well-known
brown and slightly salt [sic] sauce (Soy) used both in Asia
and Europe for flavoring certain dishes, especially beef, and
supposed to favor digestion. Of late it has been, to some
extent, cultivated as an oil plant.”
The second entry is under “Bean” (p. 45). In the middle
of a long alphabetical listing of many types of beans we read:
“Sacred Bean, the common name for Nelumbium. Sahuca
Bean, the seeds of Soja hispida. St. Ignatius’s Bean, the seed
of Strychnos multiflora...
The third entry is under “Glycine” (p. 95) which states:
A small genus, nearly all of which are tender climbing
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plants, producing axillary flowers, singly or in racemes,
white, yellow, or rose; they are only adapted for greenhouse culture. There is one species, G. soja, that is a hardy
annual, a native of Japan, that produces seeds like small
kidney beans, which the Japanese use in large quantities,
either in soup, or in making a sauce called sooja or soy, this
sauce being used in many of their dishes. The Wistaria was
formerly incorrectly called Glycine.”
Note 1. This book contains hundreds of illustrations of
plants discussed in the book; unfortunately the soybean is not
illustrated.
Note 2. Pages 527-28 are advertising matter. Peter
Henderson lived 1822-1890. Address: 35 Cortland St., New
York.
194. Goessmann, Charles A. 1891. On field experiments.
Massachusetts State Agricultural Experiment Station, Annual
Report of the Board of Control 8:135-226. For the year 1890.
Jan. See p. 141, 159-160, 169-72, 185, 199.
• Summary: A table on p. 141 shows the composition of
19 fodder crops raised upon the Station grounds–including
Soja bean (Soja hispida). It has a nutritive ratio of 1:2.5 to
1:5.5. Its fodder constituents and its fertilizing constituents
in pounds per 1,000 pounds of dry matter are given. Its
manurial value per ton of dry matter is $10.39, the 6th
highest.
Section VII is titled “Field experiments with prominent
fodder crops...” (p. 159-68). It states (p. 171-72): “Soja Bean
(Soja hispida).–Two varieties, white and black, were planted
May 23; they came above ground June 2. The white variety
began to bloom August 9, and the black variety but one day
later... Both stood the drought well. The roots had apparently
no tubercles. The white variety matured sooner than the
black one. The soja bean promises to be a valuable addition
to the leguminous fodder crops in New England. Two acres
have been planted with soja beans during the past season,
on the grounds of the station. The growth of one acre has
served, in its semi-matured state, as green fodder during the
autumn... for milch cows; and that of the other has been put
in a silo as an admixture to corn ensilage (see statements on
silos).
Note: This is the earliest English-language document
seen (Oct. 2018) that uses the word “tubercles” (or
“tubercle,” so spelled) in connection with soybeans.
Page 185 gives an analysis of the soja bean plant and of
its dry matter.
Page 199 states: “Several acres were sown to vetch
and oats, soja bean and corn, to furnish green fodder for the
dairy, and to serve as ensilaged crops for winter feed. One
silo is filled with fodder corn, and another with half soja
bean and half fodder corn.” A table shows that 10 tons of
green soja bean have been raised on the station farm for the
production of fodder.
Other fodder crops evaluated (p. 170-73): Barley, early

Southern white corn, horse bean (Vicia faba), common
vetch (Vicia sativa), white lupine (Lupinus alba), serradella
(Ornithopus sativus), Bokhara clover (Melilotus alba), and
sainfoin (Onobrychis sativa–Esparsette). Address: Ph.D.,
LL.D., Director of the Station and Chemist, Amherst,
Massachusetts.
195. Goodale, George Lincoln. 1891. Some of the
possibilities of economic botany. Nature (London)
44(1144):530-36. Oct. 1. See p. 532-33. [1 ref]
• Summary: This is an “Abstract of the Presidential
address delivered before the American Association for the
Advancement of Science, at Washington [DC], August,
1891...”
For details see full address published in American J.
of Science (Oct. 1891, p. 271-302). Address: M.D., LL.D.,
Fisher Prof. of Natural History, Harvard Univ., Cambridge,
Massachusetts.
196. Goodale, George Lincoln. 1891. Some of the
possibilities of economic botany. American J. of Science
42(250):271-316. Oct. Third Series. See p. 280-85, 302. [1
ref]
• Summary: This is the Presidential address delivered before
the American Association for the Advancement of Science, at
Washington [DC], August, 1891...”
The section titled “Vegetables” (p. 280-85) states that
Vilmorin is an authority on the many unique vegetables
now available in Europe. “In 1854 the late Prof. Gray called
attention to the remarkable relations which exist between
the plants of Japan and those of our eastern coast. You will
remember that he not only proved that the plants of the two
regions had a common origin, but also emphasized that many
species of the two countries are almost identical.”
“One of the most convenient places for a preliminary
examination of the vegetables of Japan is at the railroad
stations on the longer lines... For native consumption there
are prepared luncheon boxes of two or three stories, provided
with simple and yet embarrassing chopsticks. It is worth the
shock that it causes ones nerves to invest in these boxes and
try the vegetable contents... “Prof. Georgeson, formerly of
Japan, has kindly identified some of these for me,...
“Prof. Georgeson, whose advantages for acquiring
a knowledge of the useful plants of Japan have been
unusually good, has placed me under great obligations by
communicating certain facts regarding some of the more
promising plants of Japan which are not now used here.
It should be said that several of these plants have already
attracted the notice of the Agricultural Department in this
country.
“The soy bean (Glycine hispida). This species is known
here to some extent, but we do not have the early and
best varieties. These beans replace meat in the diet of the
common people” [in Japan].
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Footnote 22 (p. 302) includes: “Beans (Glycine
hispida), many kinds and prepared in many ways.” Also
mentions pickled green plums (Ume-boshi). “Several kinds
of seaweeds are also very commonly served with rice.”
Address: M.D., LL.D., Fisher Prof. of Natural History,
Harvard Univ., Cambridge, Massachusetts.
197. Popenoe, E.A.; Mason, S.C.; Marlatt, F.A. 1891.
Germination of weeviled peas–Garden notes on potatoes,
beans, and cabbage. Kansas Agricultural Experiment Station,
Bulletin No. 19. p. 193-201. Dec. 1890. See p. 199-201.
• Summary: The section titled “Some Japanese beans” (p.
199-201) lists and describes ten such beans, all but two of
which were procured from Japan by Prof. Georgeson. Of the
ten, four are soy beans, and the first 3 of these were collected
by Georgeson. “The three imported Soy beans seem to be
specially commendable as resisting drought and heat to
a degree surpassing all others on trial, and in ripening so
uniformly that they may be pulled or cut, harvesting the crop
at once without material loss from shelling.” For each plant,
there is a description of the plant, its flowers and seeds, time
of ripening, and yield.
“No. 7. Glycine hispida–’Soy’–’Eda-mame’ (Jap.)...
[The seeds are] oval, or nearly round, smooth, greenish
yellow. This was the earliest of the Soy beans, being fully
ripe by August 29th. The plants continued vigorous through
the severest drought of the summer, seeming to suffer little
from it. The average yield per acre was estimated at 1,669
pounds.
“No. 8. Soy–’Kiuski Daidzu’ (Jap.)... Ripened a week to
ten days later [than No. 7]. Average yield per acre estimated
at 1,026 pounds.
“No. 9. Soy–’Yamagata Cha-daidzu’ (Jap.)... “Seeds,
three-eighths of an inch long, oval, dull brown in color.
Began bearing the latter part of August and continued till
frost. The average yield per acre estimated at 1,693 lb.
“No. 208. ‘Soja’–Glycine hispida (Wood). The seed of
this was received from T.W. Wood & Sons, of Richmond,
Virginia, and the results obtained are shown for comparison
with the Japanese varieties. Planted at the same time, they
were only in first bloom August 27th, when No. 7 of the
Japanese list was nearly ripened. The vines grew rank and
succulent, three to four feet high. No pods were ripened till
late in September, and further production was cut short by
frost. The estimated yield per acre was 498 pounds.”
Two varieties of adzuki beans (Phaseolus radiatus) are
also described. The black podded one yielded 934 lb/acre
and the other yielded 628 lb/acre.
Note 1. This is the earliest document seen (Nov. 2020)
that mentions a named soybean variety in the United States,
or that mentions the soybean varieties Yamagata Cha-daidzu
or Eda-Mame (or “Eda Mame,” spelled as two words).
Note 2. This is the earliest soy-related English-language
document seen (March 2003) that contains the word

“Entomology.”
Note 3. This is the earliest English-language document
seen (Sept. 2004) that uses the term “dull brown” to describe
the color of soybean seeds. Address: Dep. of Horticulture
and Entomology [Manhattan, Kansas].
198. Georgeson, Charles C. 1892. The coming fodder plant.
Industrialist (The) (Manhattan, Kansas) 18(2):1. Aug. 27.
• Summary: “We are just now, August 24, harvesting a
portion of the Soy bean crop, and putting it into a small silo
with a view to studying its behavior and feeding value as
silage later on. We have four varieties: of these, two are so
far advanced towards maturity that the leaves have begun to
fall, while the other two are later, the seeds being only about
half grown. They are grown in rows thirty-two inches apart,
but at this stage the plants fill out the space between the rows
almost completely. The soil is a loam of only fair quality, has
not been manured, and has a pronounced slope to the south.
The yield of the green plants is about 5 1/3 tons per acre.
“The crop was planted May 23 and 24, and this growth
has therefore been made in exactly three months. Its feeding
value is of the best. It compares favorably with clover and
alfalfa in nutritive qualities, and the ripe beans are only
excelled by oil meal. Cattle and hogs eat all parts of the plant
greedily; even the dry bean straw, thrown into the yard after
the beans were threshed out, was all eaten by the cattle. But
perhaps the quality which will be most highly appreciated by
Kansas farmers is the ability of this bean to withstand drouth
[drought]. At no time since we began to grow this plant in
1890 has it suffered from dry weather; even the very severe
drouth of that year failed to affect it disastrously. What other
plant have we which possesses all these qualities; which will
go through our trying drouths unscathed; whose nutritive
qualities rank with the very best; which is freely eaten by
stock; which will in three months produce 5 1/3 tons of
green feed, or about 3 tons of hay to the acre on unmanured
land, and which can be cleared off in time for wheat, and
will leave the ground in excellent shape for the drill without
plowing? This is what the Soy bean will do. I know of no
other plant of which the same can be said. When these
qualities become known, it must forge its way to the front
and take a leading place among our fodder plants. This is the
conclusion I have come to after growing it three years here at
the college. I would be glad to get the opinion of those who
have tried the Soy bean this year, especially in places where
drouth was felt severely, and I ask those who received seed
beans from the Station last winter, if they happen to see this,
to kindly write me their opinion of this promising fodder
plant, together with the culture it has received.”
Note 1. This is the earliest English-language document
seen (Aug. 1997) and the earliest document seen from the
United States that uses the term “silage” in connection with
the soy bean.
Note 2. This is the earliest document seen (Sept. 2016)
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that uses the term “oil meal,” although it probably refers to
defatted linseed oil meal rather than to defatted soy bean oil
meal.
Note 3. Letter accompanying photocopy of document
from Cindy Von Elling, University Archives and
Manuscripts, Kansas State University. 1997. Aug. 27. “The
Industrialist was the faculty newspaper and was published
weekly during the school year by Kansas State Agricultural
College in Manhattan, Kansas from 1875 to 1910.” It was
edited by the faculty and students, and a subscription cost
fifty cents a year. Address: M.Sc., Prof. of Agriculture,
Superintendent of Farm, Kansas State Agricultural College,
Manhattan, Kansas.
199. Plodovskiy, P.I. 1892. Po kul’tur’ zheltoy soi (Soja
hispida) [On the cultivation of yellow soybeans (Soja
hispida)]. Zemledel’cheskaya Gazeta (Farmimg Gazette) No.
35. p. 831-32. Aug. 29. [Rus]
• Summary: Soybean, or the Chinese oil-bearing pea, is very
narrowly cultivated here, despite the flattering reviews about
it from foreign farmers. We know from them that soybean is
a very valuable plant for food and for animal fodder.
Wishing to become better acquainted with soybean
on our soil and under our conditions, I undertook to plant
it on an experimental field belonging to the Kharkov
Agricultural Academy. In 1890 and 1891, I planted small
quantities of green-seed soybean, but it turned out to be
so late to mature that by the time the autumn frosts began
I had not obtained even one mature bean pod, despite the
powerful and prolonged summer heat in those years. During
the current year (1892) I planted yellow (yellow-seed)
soybean, as it distinguishes itself by maturing more quickly
than the other kind. Three plots of land were allocated for
planting: (1) 1/8 desyatin [1 desyatin is approximately 1
hectare] with sandy soil, after a crop of winter rye; the latter
occupied third place in terms of fertilizer; (2) 1/16 desyatin
with clay-loam/black-earth soil, which for five years had
been occupied with brome grass, orchard grass [Dactylis
glomerata] and tall fescue; and (3) 1/16 desyatin of clayloam/black-earth (suglinisto-chernozemnaya) soil, which
had previously grown crimson clover, which was in fourth
place for fertilizer. All plots were autumn-plowed to remove
the preceding plants (mentioned above), and in spring,
harrowed and then worked over [p. 832] with three-blade
plows. After this plowing, the field was harrowed, and then
marked out for planting soybean, with rut markers set at
intervals of 8 vershok apart [1 vershok is about 1.75 inches
or 4.5 centimeters]. On April 20 and 21 the soybean was
seeded in, observing the 8-vershok interval between seed
beds. The planting was done using the grub-hoe method.
In each hole, from 1 to 1.5 vershok deep, we dropped 3 to
5 seeds, and then the hole was filled and the earth lightly
tamped down with a boot heel instead of compacting it. A
total of 20 pounds of seeds went into the three plots, at a

rate of 2 poods [as of 1899, 1 pood = 36.11 lb or 16.38 kg]
for each official desyatin [1 official desyatin = 2.7 acres]. In
each plot, the soybean came up together by April 30, and on
May 16 it was thinned, so that one healthy plant remained in
each seed bed; at the same time, the soil was hoed to loosen
the upper layer and destroy weeds. After that the soybean all
grew quickly and began to branch, and by halfway through
June it had grown so much that it perfectly shaded the soil,
having reached at least one arshin in height [1 arshin = 28
in or 71.12 cm] in the sandy soil and 1¼ arshin in the blackearth soil. At this time it was clear to see that on the sandy
soil 8 vershok between plants was completely sufficient,
but on the black-earth soil that was too little; a distance of
between 10 and 12 vershok between seed sites should be
recognized as necessary on damper and fertile soils, for
example clay-loam/black-earth, or else the plants will be too
crowded, and will remain too long in an immature, grassy
state, as a consequence of which their maturation will be
delayed. By June 30 the soybean was already fully in flower;
at this time, each stalk bore from 7 to 13 well-developed
branches, sprinkled with small buds similarly to the main
stalk. The blossoming lasted until almost the end of July, but
at that time no less than 1/3 of the stalk, from the bottom,
was already full with developed green bean pods, the husks
of which were covered with thick yellowish-brown hairs.
From this time on the soybean began to mature, i.e., the
pods situated on the lower part of the stalks began to take
on a yellowish color, while at the same time their seeds also
changed coloration in the husk from green to yellowish. The
soybean remained in this state until the middle of August;
from that time on, it quickly began to ripen: the pods all
took on a yellowish coloration and their husks became dryer
and dryer; the leaves and stalks also went yellow, while the
leaves, beginning at the bottom of the stalk, began to fall. On
August 25 the soybean had reached full ripeness and I began
to harvest it.
I harvested by picking and cutting individual plants. I
tried to mow some with a scythe, but I learned that soybean
is not good for mowing, because the stalk is covered with
pods right down to the very bottom, and so during mowing
the scythe cuts through pods with significant damage to the
seeds. As the soybean harvest occurred at its full maturation,
the leaves had almost all fallen from the stalks, and therefore
at this stage of development less straw, which can serve
as good forage, is obtained. Here it would be suitable to
mention that the harvest time for soybean occurs when the
seed pods, stalks and leaves go yellow. Samples of soybean
collected, for the sake of experiment, during this time,
matured right up until they were dried; that drying lasted
three days. If it is not important to save the leaves as forage,
then soybean can be harvested at full maturity, when most of
them have already fallen. Soybean pods do not open easily,
which means there is no seed scatter when harvested at full
maturity. Of course, I have in mind harvesting by pulling or
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cutting individual plants.
The harvested soybean was laid out for drying and
then threshed with a flail, and the seeds winnowed. The
total harvest from the three plots was 17 poods (from ¼
desyatin). This time I do not have the means to report the
precise harvest from each plot individually, but I will say
approximately that the clay-loam/black-earth plots yielded 5
poods each (80 poods from 1 desyatin), and the sandy plots
yielded 7 poods (around 60 poods per desyatin). Seeds from
the black-earth plots were almost 1½ times larger than seeds
from the sandy plot. I should also add that the past three
years were marked by prolonged droughts, strong winds and
heat spells, and so the soybean harvest obtained this year can
be considered lower than average; in general, we can assume
that our light soil will yield an average of at least 70 to 80
poods per desyatin, and black-earth soil around 120 poods.
I have every reason to state that soybean is not picky
about soil, it tolerates drought wonderfully, and therefore it
fully deserves the attention of our young farmers, where it
can serve generously as a fodder plant, comparable in terms
of nutrition to very few others.
Note: Translated by Shelley Fairweather-Vega, Seattle,
Washington. Address: Dergachi Station, Russia [near today’s
Kharkiv, Ukraine] on the Kursk-Kharkov railroad.
200. Farmers’ Review (Illinois). 1892. Soy bean fodder. Sept.
14. p. 580, cols. 3-4.
• Summary: “We are just now, August 24, says Prof. C.C.
Georgeson, of the Kansas Station, harvesting a portion of the
Soy bean crop, and putting it in a small silo with a view to
studying its behavior and feeding value as silage later on. We
have four varieties; of these, two are so far advanced towards
maturity that the leaves have begun to fall, while the other
two are later, the seeds being only about half grown. They
are grown in rows 32 inches apart, but at this stage the plants
fill out the space between the rows almost completely. The
soil is a loam of only fair quality, has not been manured, and
has a pronounced slope to the south. The yield of the green
plants is about 5 1/8 tons per acre. The crop was planted
May 23 and 24, and this growth has therefore been made in
exactly three months.
“Its feeding value is of the best. It compares favorably
with clover and alfalfa in nutritive qualities, and the ripe
beans are only excelled by oil meal. Cattle and hogs eat all
parts of the plant greedily, even the dry bean straw, thrown
into the yard after the beans were threshed out, was all eaten
by the cattle. But perhaps the quality which will be most
highly appreciated by Kansas farmers is the ability of this
bean to withstand drouth [drought]. At no time since we
began to grow this plant in 1890 has it suffered from the dry
weather; even the very severe drouth of that year failed to
affect it disastrously.
“What other plant have we which possesses all
these qualities; which will go through our trying drouths

unscathed; whose nutritive qualities rank with the very best;
which is freely eaten by stock; which will in three months
produce 5 1/8 tons of green feed, or about three tons of
hay to the acre on unmanured land, and which then can be
cleared off in time for wheat, and will leave the ground in
excellent shape for the drill without plowing? This is what
the Soy bean will do. I know no other plant of which the
same can be said. When these qualities become known,
it must forge its way to the front and take a leading place
among our fodder plants. This is the conclusion I have come
to after growing it three years here at the college, I would be
glad to get the opinion of those who have tried the Soy bean
this year, especially in places where drouth was felt severely,
and I ask those who received seed beans from the station
last winter, if they happen to see this to kindly write me their
opinion of this promising fodder plant, together with the
culture it has received.”
201. Rural New-Yorker. 1892. True value of the soja bean.
North, east, west, south. Will it come into general use?
(Continued–Document part II). 51(2232):721-22. Nov. 5.
Oversize.
• Summary: (Continued): “Later Mr. Emery sends this note:
Inclosed find root of Soja Bean grown on poor red clay
soil, showing tubercles. The long branch was “pulled” out,
and may have had tubercles farther out, but they seem to be
clustered at the base of the stalk.
Rural N.-Y.–The tubercles are plainly visible. Our
readers will remember that the latest scientific theory is
that these tubercles, or little warts, are active agents in
the assimilation of nitrogen by the leguminous plants.
This would indicate the value of the Soja Bean as a green
manuring crop.
“Clover Needs a Nurse, Soja Bean Doesn’t: 1. I
unhesitatingly recommend our farmers to experiment with it.
“2. It will produce more feed to the acre here than
clover, and do it in half the time required for the latter. We
cannot start clover with any other crop; when the so-called
‘nurse crop’ is harvested the young clover is killed by the
scorching sun. This is so generally the case that but few
experienced farmers in central Kansas and westward ever
attempt sowing clover with wheat or oats, or any other crop.
And the first year, even when seeded by itself, it seldom
affords much hay, and it is unwise to pasture it for fear of
killing it. The Soja Beans we have yield a full crop of feed
during three months of the summer. They are harvested and
the ground can be put in fall wheat, by the time the clover
crop is fairly established. Moreover, the Soja Bean can be
grown where clover cannot get a foothold on account of the
heat and drought.
“3. So far as tried, I have found it best to grow it in
rows about 30 inches or a little more apart, and let the plants
average one to every two inches in the row. I cultivate them
until shortly before the blossoms appear. I have so far had no
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difficulty in curing them as I would a heavy crop of clover.
Whether it is better to cure it as hay or to put it in the silo is
yet to be determined by experiment.
“4. I see many reasons why it can be made a profitable
crop throughout this State, and throughout the West, but
especially in the region where the corn crop and tame grasses
are uncertain.
“[Prof.] C.C. Georgeson. Kansas Agricultural College.”
A large illustration (p. 722) shows a “White podded
adzuki bean. Fig. 278.”
202. Homestead (The) (Des Moines, Iowa). 1892. The soy or
soja bean. 38(48):1099. Nov. 25. Whole No. 1906.
• Summary: “Early in the fall we called attention to our
readers as to the possibilities of the soy bean as a substitute
for clover in Kansas and Nebraska, and especially in that
part of these states where clover has not been a pronounced
success. This bean has been known for some years, and
been the subject of experimentation at the various stations in
the East and South, but has not been very highly esteemed,
especially in the eastern states. The Rural New Yorker
has recently been taking the consensus of agricultural
opinion on the matter... It does not meet with much favor in
Vermont, New York or Connecticut, these states claiming
that they have a better thing in the common red clover. The
Massachusetts Station gives a better report probably because
it has a better variety and knows better how to handle it.
North Carolina reports that it is a very valuable crop, a trifle
better in its nutritive value than clover grown on the same
ground. Kansas, however, gives it the highest commendation,
and we give the report of her experimentation in full. Prof.
Georgeson, of the above station, who by the way studied the
plant in Japan, has four varieties that mature in the latitude of
Manhattan, Kansas, says:
“1. I unhesitatingly recommend our farmers to
experiment with it. 2. It will produce more feed to the acre
here than clover, and do it in half the time required for the
latter. We cannot start clover with any other crop; when the
so-called ‘nurse crop’ is harvested the young clover is killed
by the scorching sun. This is so generally the case that but
few experienced farmers in central Kansas and westward
ever attempt sowing clover with wheat or oats, or any other
crop. The first year, even when seeded by itself, it seldom
affords much hay, and it is unwise to pasture it for fear of
killing it. The soja beans we have, yield a full crop of feed
during three months of the summer. They are harvested, and
the ground can be put in fall wheat, by the time the clover
crop is fairly established. Moreover, the soja bean can be
grown where clover cannot get a foothold on account of the
heat and drouth [drought]. 3. So far as tried, I have found
it best to grow it in rows about thirty inches or a little more
apart, and let the plants average one to every two inches in
the row. I cultivate them until shortly before the blossoms
appear. I have so far had no difficulty in curing them as I

would a heavy crop of clover. Whether it is better to cure
it as hay or to put it in the silo is yet to be determined by
experiment. 4. I see many reasons why it can be made a
profitable crop throughout this state, and throughout the
West, but especially in the region where the corn crop and
tame grasses are uncertain.
“These reports are what we should have expected. It is
very hard to find any better in the way of a forage producer
and fertilizer combined than the red or mammoth clovers.
It is where these fail that the soy bean finds its appropriate
place.”
This bean “has the advantage, that it will endure drouth
that is fatal to the clovers... We expect much from the soy
or soja bean, but most where it can be used as a substitute
for the clovers. “We notice that a man down in Missouri
[perhaps Mr. Cole] is selling it as ‘The Domestic Coffee
Berry.’ It is all right for the grower to grind the beans and
mix them to adulterate his own coffee if he wishes, but even
then he should buy a peck or so at the price he is asked by
this man for a pound, and then give his pigs and calves a
share before grinding for his coffee.”
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in connection with (but not yet in)
Nebraska.
Note 2. We have been unable to identify the source
of this long, interesting quotation by Prof. Georgeson.
However during the week of Nov. 19, 1892, Prof. Georgeson
and George T. Fairchild (President of the Kansas State
Agricultural College [and father of David Fairchild, of
plant introduction fame]) attended the annual convention
of Agricultural Colleges and Experiment Stations at New
Orleans, Louisiana (See The Industrialist 19 Nov. 1892,
p. 55). The quotation probably came from a talk that Prof.
Georgeson gave at that convention.
203. Emory, Frank E. 1892. North-Carolina Experiment
Station: Crops, implements and the season. Cultivator &
Country Gentleman (The) 57(2082):965, cols. 2-3. Dec. 22.
• Summary: “Eds. Country Gentleman–In a letter to your
columns we spoke of feeding some green clover mixed with
rather overripe pea-vine hay. The whole was mixed or rather
put in the silo several feet deep, in layers of the hay and then
the clover, alternately, to the depth of several feet. Enough
was removed each day for the next day’s feed.”
“Most farmers here plant corn and cottonseed with a
single-row planter. Few wheat drills are owned, and it is
doubtful whether they are often used to sow corn in drills, as
they may be to good advantage. My corn and cow peas sown
with the drill were stunted by drouth [drought]. Corn sown
alone and also soy beans were good crops considering the
severe dry weather.”
Note: Use of the term “soy beans” instead of “soja
beans.” Address: Raleigh, North Carolina.
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204. Georgeson, C.C.; Burtis, F.C.; Shelton, W. 1892. Test
of some Japanese beans. Kansas Agricultural Experiment
Station, Bulletin No. 32. p. 232-38. Dec. 1891.
• Summary: “Two species of Japanese bean have been
grown here at the Station for two years past. These are the
soy bean (Glycine hispida), and the adzuki–the mungo, of
India (Phaseolus radiatus). Both of them have given promise
of much usefulness in this country. They have been subjected
to severe tests concerning their endurance of this climate,
and have come out triumphantly. Having seen these beans
grown in Japan, and noted the very important part they take
in the diet of the Japanese, the writer became anxious to try
them here, which has been done with gratifying success.”
The Soy Bean. “The United States Department of
Agriculture made an effort to introduce it [the soy bean]
years ago, and several enterprising seedsmen have from time
to time made attempts in the same direction; but with the
result that it has been generally successful only in the South
because the varieties introduced were too late to mature
in the latitude of the Northern States. Knowing this, pains
were taken to procure some of the earliest varieties grown
in Japan. A few dozen beans of each of several kinds arrived
in the spring of 1890. They were planted in the latter part
of May and matured seed before frost, in a little over three
months’ time. The amount planted being so small, no attempt
was made to estimate the yield, but they appeared to be very
productive. One thing in their favor was proved that first
season–their ability to withstand drouth [drought]...
“The seed thus raised was planted in the latter part of
May, in 1891, and harvested early in September, with yields
ranging for the several varieties from 12½ to nearly 19

bushels of beans per acre. These yields would under more
favorable conditions have been considerably larger...
“The bean takes its common name, ‘Soy,’ from a sauce
manufactured from it, which in commerce goes by the name
of ‘Soy,’ though the Japanese name for this sauce is ‘Shoyu.’
The beans are boiled and mixed with certain proportions of
rice and salt, and the compound is then allowed to undergo a
process of fermentation, which results in the delicious brown
sauce so common in Japan, and which forms the basis of the
best sauces in this country. The term ‘soja,’ often applied to
this bean, is misleading, inasmuch as the species named by
Siebold and Zuccarini Glycine soja is not cultivated there,
or at least rarely cultivated, though it is wild in the south;
and later this species was confounded with the cultivated
species, G. hispida Moench, whence the origin of the term
‘soja,’ as applied to the cultivated bean. The soy bean is
a native of Japan, and it has been cultivated there from a
very remote period, as is testified by the numerous and
strongly-differentiated varieties which have been developed.
The Japanese cultivate it extensively, and it is to them an
important article of food. It takes to a very large degree the
place of meat in their diet, and it is altogether too costly and
precious an article to be fed to live stock, except when it on
rare occasions is grown as a hay crop. They use the beans
ripe, and, properly cooked, they make a palatable and highlynutritious dish. Sometimes they are eaten green when nearly
full grown; they are then boiled in the pods and shelled at the
meal.
“In this country they will likely be of most value as
a fodder plant, though they compare favorably with navy
beans for table use; they are, however, more glutinous and
less starchy than navy beans, and on this account may not
suit the taste of all persons.”
“The following four kinds are early enough to be
depended upon to mature seed in this latitude every year.”
Eda-mame: yield, 12.6 bushels beans (at 60 pounds per
bushel) per acre. Yellow Soy Bean: yield, 14.57 bushels
per acre. Yamagata Cha-daidzu (tea-colored bean, from
Yamagata): yield, 18.8 bushels per acre. Kiyusuké Daidzu
(Kiyusuke is the name of a person): yield, 18.23 bushels per
acre.
“As has been stated, all of these yields would have been
larger if the weather had permitted the saving of the crop in
better shape.”
Pages 237-38 give detailed information on “The
adzuki (Phaseolus radiatus),” including white-podded and
black-podded varieties. Mrs. Nellie S. Kedzie, Professor of
Household Economy, tested the adzuki beans in recipes and
found them to be “a very good bean for cooking purposes.”
Baked in the old-fashioned way, the adzuki is “sweeter that
the ordinary white bean; so less sugar or molasses is needed
in baking. I found this bean especially nice for making bean
soup.”
Photos (p. 232) show yellow soy bean, Yamagata-Cha-
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daidzu, and white podded adzuki plants.
Note 1. This is the earliest document seen (July 2014)
that contains a photo of the soy bean or of the adzuki.
Note 2. This is the earliest document seen (Oct. 2013)
that mentions the soybean variety Kiyusuké Daidzu (spelled
that way). Address: 1. M.Sc., Prof. of Agriculture, and
Superintendent of Farm; 2. B.Sc., Asst. in Agriculture; 3.
Foreman of the farm. All: Kansas State Agricultural College,
Manhattan, Kansas.
205. Bretschneider, Emil V. 1892. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. Part II.
Botany of the Chinese classics. With annotations, appendix
and index by Rev. Ernst Faber, Dr. Theol. Shanghai: Printed
by Kelly & Walsh, Ltd. 468 p. Index. 28 cm. [Eng]
• Summary: The contents of this book was first published in
1882 as an article in the Journal of the Royal Asiatic Society,
North China Branch. The contents and pagination of the
book is the same as the original article (which see). Address:
M.D., Late physician to the Russian Legation at Peking,
China.
206. Wiggin, Oliver C. 1893. Cow-peas north and west
(Letter to the editor). Cultivator & Country Gentleman (The)
58(2094):204, col. 2. March 16.
• Summary: “Eds. Country Gentleman–O.T. (p. 150)
proposes to experiment with the southern cow-pea as a
soiling crop, and asks the name of six best varieties. I doubt
if he finds the experiment altogether satisfactory in his
latitude. He will get a considerable growth of vine, but the
period of feeding will be short. The plant needs not less than
90 days for an average growth. This will bring him close to
fall frosts in his section, and he will have hardly more than
10 days for green feeding. This may be all he requires in his
succession of crops. In fact, it is about all the time we get on
many soiling crops at the North. The cured pea makes a most
valuable hay.
“I sent four varieties of the cow-pea and a sample of
Soja bean to a friend in Rhode Island to experiment with
last year. I saw them growing in the field in the middle of
September. They looked very satisfactory, though evidently
not at home. If planted here on soil as rich as that was,
those same varieties would have been ‘out of sight.’ The
Black and Unknown took the lead, while the Clay was a
close rival, but the Soja bean was ahead of them all. Last
summer was an exceptionally hot one in New-England, and
I think this experiment was probably more successful than
can be reckoned on as a rule. The seeding was much too
heavy, contrary to my directions. I made a very satisfactory
experiment with the Clay pea in Nebraska several years ago.
It withstood the drouth [drought] better than any other plant
growing. The latitude was about that of Duchess county, but
the deep, rich and warm soil just seemed to suit the plant.
“The most common varieties of cow-pea cultivated

here are the Clay, Black, Whippoorwill, Speckled (Coffee)
and Unknown, and more recently a new variety christened
Wonderful. I can see no difference in the last two so far.
They are great performers under favorable circumstances.
O.P. will most likely find the Black and Clay best adapted to
his locality, though he may wish to experiment with some of
the ranker late varieties. I wish he would try the Soja bean.
I feel inclined to use it to the exclusion of all others. He can
hardly expect to mature seed in Duchess county.
“In a former letter I spoke of the value of Japan clover,
which is taking our old fields as a renovating crop. This
winter I have been plowing some old field [sic, fields] having
considerable areas set with it. Wherever the plow crosses
one of these patches, the soil turns up as black as any garden
loam. I find the roots penetrating twice the depth of the
furrow. The plant has no tap root, but a large number of fine
sprays, like all annuals. Oliver C. Wiggin. Charlotte County.
Virginia.”
Note: This is the earliest English-language document
seen (Dec. 2016) that uses the word “Whipporwill” to refer
to a variety of cow peas. Address: Charlotte County, Virginia.
207. Kansas Farmer (Topeka, Kansas). 1893. Pointers for
Kansas farmers. July 12. p. 3, cols. 3-4.
• Summary: One part of this article concerns soy beans:
“The great botanical family of leguminosæ furnishes the
inquiring agriculturist with a number of plants which, while
valuable as crops, have the added merit of increasing instead
of diminishing the fertility of the soil. It is also true that the
crops produced by these plants furnish very often a very rich
food. That is, they contain an abundance of the most valuable
nutriment called protein, and hence must be used with more
or less caution, or over-feeding occurs. Among these plants
which are of especial value to our farmers we would place in
the front rank the alfalfa, the cow pea and the soy bean. The
soy bean has been shown by experiments made at the Kansas
Experiment Station to be a great drouth-resister [droughtresister], a good grower and a good yielder. Of the four
varieties tested there the yellow soy is the earliest to mature
and the heaviest producer of grain. The Edamame matures
but little later. The Kiyusuke Daidzu showed the beans
only about half grown at the date of cutting, August 24, and
Yamagata Cha-Daidzu was a very late variety. If grown for
the crop chiefly, the yellow soy is to be recommended, and of
this bean a prominent authority says: ‘In point of nutriment,
the soy bean is of all vegetables the nearest to meat.’ It is the
earliest to mature and is a heavy yielder. Thirty bushels of
grain to the acre of this exceedingly rich food is no unusual
yield. The Yamagata promises to be more valuable for fodder
than for grain, and its large, heavy growth makes a yield of
two tons to the acre a not unusual one.”
208. Bretschneider, Emil V. 1893. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. II. J. of
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the North China Branch of the Royal Asiatic Society 25:i-ii,
1-468. New Series. For the year 1890-91. See pages 35-36,
137-39, 162-65. [200+* ref. Eng]
• Summary: The single most important early work on
Chinese botany written by a Westerner. Bretschneider, an
M.D., lived 1833-1901. Contents: Corrigenda and addenda
to Part I. Introduction (p. 1). Notes on Chinese, Japanese and
European works consulted (p. 4). Plants mentioned in the Rh
ya (p. 20). Plants mentioned in the Shi king, the Shu king, the
Li ki, the Chou li and other Chinese classical works (p. 137).
General remarks by Dr. E. Faber (p. 402). Classification of
Chinese names of plants (p. 411). Index of Chinese names (p.
435). Index of European names (p. 461).
Pages 35-36 state: “29.–Jung shu is the same as Jen shu.
Kuo P’o:–This is the plant called Hu tou (foreign bean).
“Hing Ping:–Fan Kuang as well as She Jen and Li Sün
all explain the above names of the Rh ya by hu tou. But they
were mistaken. As jung is likewise a term for foreigners
[western barbarians] they concluded that jung shu and hu tou
are the same. Cheng Hüan and Sun Yen identified the jung
shu correctly with the ta tou or great bean. [Comp. infra,
355, Shi king.]
“The ta tou is the Soja hispida, Moench, or soy bean.
The hu tou, or foreign bean, is the Faba sativa [sic, Vicia
faba], or common bean [sic, broad bean], one of the
cultivated plants introduced from Western Asia into China, in
the second century B.C., by the famous general Chang K’ien
[Chang Ch’ien, traveled 139-115 B.C.].
Chapter 2, “Plants Mentioned in the Shi King, the Shu
King, the Li Ki, the Chou Li and Other Chinese Classical
Works,” begins with a discussion of cereals or grains (ku).
“The term wu ku [wugu] (Cc = Chinese characters given) or
five kinds of grain seems to be the oldest classification of
grain. It is attributed to the Emperor Shen Nung. The ancient
commentators enumerated these five kinds as follows (Cc):
1. tao, Rice. 2. mai, comprising Wheat and Barley. 3. tsi,
Panicum miliaceum, the common Millet. 4. shu, Panicum
miliaceum, the glutinous variety [of Millet]. 5. shu, the Soy
bean, Soja hispida. Note 1. This is the earliest Englishlanguage document seen (Aug. 2002) which mentions the wu
ku (“five grains”) and states that the soy bean (shu) is one of
them. Since the classification of the wu ku are attributed to
Shen-Nung, it is the earliest English-language document that
links him with the soy bean.
“Some commentators have liang, Setaria italica, instead
of tsi, others substitute ma, hemp, Cannabis sativa, for tao,
rice.” Mencius and the Li ki both use the term wu ku.
“The ancient Chinese term ‘the five kinds of grain’ is
also usual in Japan. We read in [Kaempfer’s] Amoen. exot.,
834, under come [rice]...” The soy bean is included. The
Chou li mentions the six kinds of grain, or liu ku, which did
not include the soy bean, and the nine kinds of grain, or kiu
ku, which listed the soy bean, ta tou, as number six and the
adzuki bean as number 7.

Pages 164-65 state: “355.–In the Shi king we have
the term jen shu, which Legge translates as ‘large beans,’
468:–Hou Tsi planted large beans [dadou = soy beans]
which grew luxuriantly. Note: This is the earliest Englishlanguage document seen (June 2003) that mentions Hou Tsi
in connection with soy beans.
“In the Rh ya [29] jen shu is given as a synonym of jung
shu. Sun Yen identifies it with the ta tou or great bean, which
latter name seems to appear first in Fang Cheng-chi’s book
on husbandry [1st century B.C.] This is the soy bean, Soja
hispida, Moench [See Pên ts’ao kang mu, XXIV, 1.] A good
drawing of the plant is found in Chi wu ming shi l’u k’ao, I,
8. This bean has always been considered by the Chinese as
the most important of the cultivated leguminous plants. It is
grown in numerous varieties all over the Empire, especially
in the north, and is much esteemed for the oil yielded by its
seeds. The name great bean refers to the plant, not to the
seeds, which are small, of the size of a pea.
“The soy bean is also largely cultivated in Japan. It is
described and figured under the Chinese characters meaning
“great bean” in Amoen. exot., 838, and So moku, XIII, 18-21.
“The soy bean is much employed in China and Japan
for preparing the so-called ‘bean-curd’ and the sauce called
‘soy.’ The first is prepared by macerating the beans in water
and milling them together with the water. The liquid pap is
filtered. To this fluid is added gypsum, in order to coagulate
the casein, and also chloride of magnesium. The coagulated
casein or bean-curd is of a jelly-like appearance. Soy is
made by boiling the beans, adding water, salt and wheat, and
producing fermentation by yeast.
“Bean-curd and soy were most probably known to the
Chinese in the classical period, although no distinct mention
is made of these condiments in the classical writings. The
ancient term tsiang, which Legge translates by ‘sauce,’
includes, we may suppose, soy. [See Li ki, I, 459-461 ‘Diet
of the Ancient Chinese.’] Confucius Analects, 96. Biot
translates the tsiang mentioned in the Chou li by ‘mets
delicats.’ I,70:–Pour les mets delicats on emploie cent vingt
objects differents. Compare Pên ts’ao kang mu, XXV, 26, on
the preparation of the tsiang. At Peking the common name
for soy is tsiang yu (tsiang oil). [S.W.] Williams [Dictionary
(1874), 764] states that the English word soy is probably
derived from shi yu, in Japanese si yu. [I should think rather
from the characters pronounced sho yu in Japanese. See
Hepburn’s Dictionary (1867).] The character shi written with
another radical replacing the “bean” radical to the left of
the main character, in the Shuo wen is explained there by 5
characters, made of salt and beans [I cannot understand what
the third character here is intended to mean]. See also Pên
ts’ao kang mu, XXV, 2, under ta tou shi.
“As to the bean-curd, tou fu, it appears from the
quotations in Pên ts’ao kang mu, XXV, 7, that this term and
the mode of making bean-curd are first mentioned in the
Huai nan tsz’ [2nd century B.C.], but it was no doubt much
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earlier known in China.” Address: China.
209. Duthie, John F. 1893. Field and garden crops of the
North-Western Provinces and Oudh, with illustrations.
Part (volume) III. Roorkee: Dep. of Land Records and
Agriculture, N-W. Provinces and Oudh (India). Printed at the
Thomason Civil Engineering College Press. x + 65 + xix p.
+ unnumbered plates. See p. 3, 45 and plate LXXXV. [6 soy
ref]
• Summary: See next page. “Glycine hispida, Maxim.
See plate LXXXV. Soy bean or Japan pea; bhat (N.-W.
Himalaya); kajuwa (Tarai); bhatnas, bhatwas (Nepal and N.
Tirhoot).
“Natural order Leguminosæ. An annual clothed with
ferruginous [rust-colored] hairs. Stems stout, suberect, or
climbing. Leaves trifoliolate, on long petioles. Flowers
small, reddish. Pods 2-3 seeded, axillary, linear oblong,
recurved, and densely pubescent.
“The Glycine Soja, under which name the soy bean is
described in the Flora of British India, is another species,
and has been identified with G. ussuriensis of Regel, which
grows quite wild in Mandchuria [Manchuria], whereas this
plant has nowhere been found as unmistakably wild...
“In these provinces its cultivation is confined to the
lower slopes of the Himalaya and to a few of the neighboring
plains districts. It is grown in poor soils during the rainy
season, and represents a very inferior variety of the Japan
pea, which under proper cultivation is a much more robust
plant, with broader leaves and larger pods and seeds...
“The plant affords excellent fodder for all kinds of
stock, if harvested before it is fully matured. From the seed
a preparation called miso is largely used in China and Japan;
and the green pods yield the well known sauce” [sic].
Plate LXXXV, drawn by H. Hormusii, is an excellent
illustration of the cultivated soy bean plant (Glycine hispida,
Maxim.) showing young and old leaves, flowers, and slightly
hairy stems. An inset shows five different views and parts of
the flower.
The author acknowledges his indebtedness to Dr.
Watt’s most useful “Dictionary of the Economic Products of
India” and Prof. Church’s “Food Grains of India.” Address:
Director, Botanical Dep., Northern India.
210. Goodale, George Lincoln. 1893. Some of the
possibilities of economic botany. Smithsonian Institution
Board of Regents, Annual Report p. 617-46. See p. 631. [1
ref]
• Summary: This is the complete “Presidential address
delivered before the American Association for the
Advancement of Science, at Washington [DC], August,
1891. from the Proceedings of the American Association for
the Advancement of Science, vol. XL, pp. 1-38; also, The
American Journal of Science, Oct. 1891, vol. XLII, pp. 273303.

Page 631: “Prof. Georgeson, formerly of Japan, has
kindly identified some of these [foods and plants] for me,...”
“The soy bean (Glycine hispida). This species is
known here to some extent, but we do not have the early
and best varieties. These beans replace meat in the diet of
the common people” [in Japan]. Address: M.D., LL.D.,
Fisher Prof. of Natural History, Harvard Univ., Cambridge,
Massachusetts.
211. Henry, Augustine. 1893. Notes on economic botany of
China. Shanghai, China: Printed at the Presbyterian Mission
Press; Kilkenny, Ireland: Boethius. 68 p. See p. 13-14. 18
cm. Facsimile edition printed in 1986 by Boethius Press,
Kilkenny, Ireland. [Eng]
• Summary: The book begins: “Missionaries and others
living in the interior, are often in a position to make enquiries
concerning the natural production of China, the results
of which would be of great service to science. I intend to
publish a few notes, pointing out the direction in which such
work might be done as regards articles derived from the
vegetable kingdom.”
The author focuses on the vegetable products of Shêngking [Liaoning, a province in northeast China whose capital
is Mukden]. The soja bean is a staple of Newchwang trade.
“7. The Soja bean, Glycine hispida, Max. is noted for its
numerous varieties and manifold uses. Ta-tou is the bookname of the species; but in the colloquial the varieties have
each a distinct name, and these have not been very well
made out for China. In Japan there are five great varieties,
the white or yellowish, green, black, brown, and spotted,
divided into sixteen sub-varieties, according to difference
in form (which varies from spherical to flattened elliptical)
size and colour. These sub-varieties differ in their use, time
of arriving at maturity, etc. In China the chief kinds are
Huang-tou [Yellow soybean] and Hei-tou [black soybean]:
and perhaps the following sorts mentioned in the Paris Ex.
C. [Exhibition Catalogue?] as occurring at Newchwang,
are simply varieties of the Soja bean, viz., Pai-tou [white
soybean], Ch’ing-tou [green soybean] and Ma-tou [“sesame
bean”]. Information is wanted about these varieties. The
Soja bean is the most important of the legumes cultivated
in China; from its seeds bean-oil is produced; the refuse
in the manufacture of which, bean-cake, is largely used in
the South for manuring the sugar plantations. From certain
varieties bean-curd, soy and bean-sprouts are prepared...
“For Sheng-king we wish descriptions and uses of the
different varieties of the Soja bean, distinguished according
to the local names.”
Also discusses other species of beans and peas cultivated
in China (p. 12-13; each is accompanied by two Chinese
characters): 1. Pien-tou, the lablab bean, of which there are
two varieties, one with purple, the other with white flowers.
Botanists call this species Dolichos lablab, L.
2. Kang-tou, Vigna sinensis Hassk, the “chow-lee” of
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India [cowpea].
3. Tao-tou ([jack bean], literally “sword bean”),
Canavalia ensiformis, D.C., the “over-look” pea of the West
Indian negroes.
4. Tsan-tou (“silkworm bean”), Vicia Faba, L, the
common bean, the broad bean.
5. Wan-tou, Pisum sativum, L., the common garden pea.
6. Phaseolus mungo, L. This haricot includes in China
two if not more very distinct varieties. (a). Lu-tou (“green
bean”), the Chinese vermicelli pea [mung bean]; the small
seeds of this are ground into flour and are used for making
the kind of vermicelli known as Fên-t’iao. (b). Ch’ih-hsiaotou (“red small bean”), small red haricots [azuki].
8. Besides the foregoing there are several other species
of beans cultivated to a small extent, among which may be
mentioned the Man-tou of Hupeh, Phaseolus chrysanthus,
Sav. and lentils, Ervum Lens, L. which is called at Ichang
Chin-mai-wan.
Note 1. This is the earliest English-language document
seen (April 2003) that uses the term “lablab bean.”
Also: kudzu (ko, p. 57-59), which is said to grow all
over China, especially in the vicinity of Kiukiang.
Note 2. The edition published in Ireland in 1893, having
the same title, has E. Charles Nelson as the 2nd author. It
has vx [15] pages of front matter plus 6 unnumbered pages.
And it is 21 cm tall, rather than 18. According to OCLC /
WorldCat (Oct. 2010) the edition published in Ireland is
owned by 44 libraries worldwide, compared with only 2
for the Shanghai edition. Address: I.M. Customs, Shanghai,
China.
212. Quad-City Times (Davenport, Iowa). 1894. Iowa crops:
dry-weather lessons and suggestions. Necessity of some
forage product to keep stock up during dry weather of July
and August–Root crops and cow peas in favor. Nov. 27. p. 2.
• Summary: “Ames, Nov. 26. The season of 1894 will have
in it many valuable lessons for the Iowa farmer.”
“The Iowa Agricultural college has been making more
valuable experiments with new forage plants. The cow pea or
whippoorwill pea, which has long been a standard southern
forage plant, but more especially because it is an excellent
renovator of soils, gives promise of great value here in
Iowa. This plant is especially rich in protein and gives large
returns on the rich and bountiful soils of Iowa. It withstands
drought in a remarkable manner. Another plant experimented
with for two seasons is the Soja bean or Soy bean, as it is
called. It is an annual leguminous plant native of Japan
where it has been used extensively as a food for man and
animals. The Japanese as yet consume little meat and this
bean takes its place, being rich in both protein and fats. This
bean has been cultivated for some years in the south, but
the southern varieties have not been successful in the north.
In Japan varieties have been grown that open their seed in
three months. These were brought to this country by Prof.

Georgeson of Manhattan, Kansas, who spent several years
there as professor of agriculture. Some of these varieties
were distributed by Prof. Georgeson. These have proved
successful, not only in Kansas, but here in Iowa, where they
made a wonderful growth under the most trying conditions.
The Soy bean has a great future, not only in the semi-arid
regions of the west, but in states farther east.”
213. Engler, Adolf; Prantl, L.K. 1894. Die Natuerlichen
Pflanzenfamilien nebst ihren Gattungen [The natural plant
families, together with their genera]. Leipzig: Verlag von
Wilhelm Engelman. 396 p. See vol. 3. Part 3, p. 360-61, 392
(Fig. 131 B-D). [Ger]

• Summary: “390. Glycine L. (Soja Savi, Johnia W. et Arn.,
Notonia W. et Arn., Leptocyamus Benth., Bujacia E. Mey.)...
There are about 15 varieties in tropical Africa, Asia, and
Australia...
“Uses: G. hispida Maxim., the Japanese soybean is
grown throughout East Asia for the pleasant tasting seeds;
they serve also for the preparation of a pungent brown sauce,
which in South Asia accompanies almost all meals and is
also imported to Europe. The plants also thrive in Germany
and are recommended for cultivation, however they do not
always ripen in our climate, so their cultivation is unsure.”
Illustrations (p. 362, Fig. 131) show (B) the leaves and
flowers of a soybean plant (¼ size), and (C) an enlarged
soybean flower (3 times normal size).
Also discusses the peanut (p. 324-25) with an excellent
five-part illustration.
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Note: This 1st edition (1887-1915) appeared in 23
volumes. An incomplete second edition was issued in 28
parts (1924-1980), although Engler had died in 1930. It is
still considered one of the few true World Floras. Address: 1.
Prof. der Botanik und Direktor des botan. Gartens in Berlin;
2. Prof. der Botanik und Direktor des botan. Gartens in
Breslau.
214. True, A.C. 1894. Report of the Director of the Office of
Experiment Stations. Report of the Secretary of Agriculture.
p. 417-64. For the year 1893. See p. 439-40.
• Summary: In the section on “Practical experiments at
the Agricultural Experiment Stations” (p. 365+), there is
a long subsection titled “Soja beans” (p. 439-40) which
states: “These beans are also known as soya and soy beans.
Two distinct species have been called by these names. The
small bean (Phaseolus radiatus) is largely used in Japanese
confections, but is of no special value as a forage plant.
“The large bean (Soja hispida or Glycine hispida) is
the true soja bean, and has been found by the stations in a
number of States to be a valuable forage plant. In Japan this
bean is largely used as food for man and animals.
“The soja bean is an animal leguminous plant
resembling the bunch or upright varieties of cowpeas. The
growth is erect and from 3 to 4.5 feet high. The short pods
are borne thickly on the stocky, bushy plant. Stems, leaves,
and pods are densely covered with short hairs.
“The soja bean can not be said to be a new plant in
the United States but was introduced from Japan before
the organization of the experiment stations in 1888.
However, the varieties first introduced were too late in
maturing for localities in which early autumn frosts occur.
The Massachusetts State Station and the Kansas Station
introduced from Japan early varieties of soja beans, Repeated
experiments at these stations indicated that these matured
in Massachusetts with the same certainty as the common
varieties of corn, and that they ripened in Kansas in any
season. The varieties which experiments have shown to be
early enough for Kansas are Eda mané [sic, Eda-mame; see
Popenoe, Mason, and Marlatt 1891], Yellow Soy, Yamagata
Cha-daidzu [brown], and Kiyusuké Daidzu. In Kansas soja
beans have shown considerable ability to resist drought.
“The seed should be planted only after the ground is
warm in the spring. In Kansas the latter part of May is the
preferred season. The beans, at the rate of 5 to 10 per foot,
are planted in drills from 2.5 to 3 feet apart. The cultivation
is similar to that given the bunch varieties of the cowpea and
should not occur while the leaves are wet with dew or rain.
The vines are cut when the beans begin to ripen, cured in
small, high piles, and threshed when dry.
“At the South Carolina Station the yield of beans was
from 10 to 15 bushels per acre. At the Georgia Station soja
beans yielded 1,307 pounds of beans per acre, while the yield
of cowpeas on an adjacent plat was only 840 pounds. The

weight of dry forage from the former was also greater than
that of the hay from cowpeas. At the Massachusetts Hatch
Station the variety Medium Early White soja bean yielded at
the rate of 35 bushels per acre. The variety Black Medium
made a ranker growth of vine than most of the other sorts.
At the Massachusetts State Station soja beans yielded 5,949
pounds of dry matter per acre. The red varieties [probably
azuki beans] have been found superior to the white in
productiveness and in beauty of appearance. At the Georgia
Station soja-bean forage was relished by stock and was
more easily cured than cowpea vines. The yield of soja bean
forage, exclusive of beans, was at the rate of 2,940 pounds
of dry matter per acre, containing 88.2 pounds of crude fat,
438.06 pounds of crude protein, 730.29 pounds of fiber,
1,143.36 pounds of nitrogen-free extract and 186.39 pounds
of ash. Analysis showed the beans to be much richer than
cowpeas in protein and fat but poorer in starchy matters. One
hundred pounds of air-dry beans contained 25.86 pounds
of nitrogen-free extract. The nutritive ratio is very narrow.
This very high percentage of fat and protein makes soja
beans a suitable substitute for cotton-seed meal and linseed
meal and other concentrated and costly feeding stuffs which
dairymen often find it necessary to purchase. Soja bean meal
without any admixture was relished by milk cows at the
Massachusetts Hatch Station.
“The soja-bean plant has been advantageously used for
hay, for soiling, and for silage, and is believed to have, in
common with most cultivated leguminous plants, the power
of obtaining some of its nitrogen from the air, and hence
acting as a soil renovator.”
Note: This is the earliest English-language document
seen (Oct. 2006) that contains the term “cowpea vines”
(or “cowpea vine”). Address: Director of the Office of
Experiment Stations [USDA, Washington, DC].
215. Georgeson, C.C. 1895. The native grasses of Kansas.
Rural New-Yorker 54:486, col. 2. July 20.
• Summary: “It becomes, also, more and more apparent
that, for hay, we must depend more on cultivated crops with
drought-resisting qualities and short periods of growth, like
sorghum and soybeans, rather than on the time-honored
meadow grasses of eastern longitudes.” Address: Kansas
Experiment Station.
216. Georgeson, C.C. 1895. Soy beans for stock. Prairie
Farmer 67(45):1. Nov. 9.
• Summary: “Jas. E. Booge, of Sioux City, Iowa, writes: ‘I
wish to know in what climate soy beans grow, and what time
it is best to plant them. It is something I know nothing of,
and I would like to try them. How many bushels will they
produce to the acre, and what kind of stock will eat them,
and how should they be prepared for food?’
The author replies: “We have grown soy beans here,
at the Kansas Experiment Station, for the last six years,
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and always with gratifying success. They withstand the dry
weather and hot winds better than any other legume that
we have tried so far. Their power to resist drought and their
highly-nutritious qualities are their chief recommendations.
The early varieties can be grown successfully as far north as
South Dakota and in Wisconsin. The later varieties cannot
be depended on to mature seed even here in Kansas. They
should not be planted until the ground is warm. We usually
plant the main crop here at the Kansas Station during the
last ten days of May, but they can also be planted later. Last
year I planted a field on the wheat stubble just after the
wheat was removed in the beginning of July, and although
the season was excessively dry they still produced a crop of
beans which matured seed before frost. Like all other crops,
they do best on rich soil, but they will grow on poor soil also.
They yield better than navy or other field beans. They can
be planted with a bean planter, a corn planter or even a grain
drill. We usually plant them with a shoe press drill, stopping
up three hoes [sic, holes] so as to leave the rows thirty-two
inches apart, and a plant to each two inches of row is thick
enough. A bushel of seed put in in this manner will plant an
acre.”
“As to the use of the soy bean as stock food, we have
fed it to stock as ensilage in the form of hay, and the ripe
beans ground to a meal, in all cases with gratifying results.
The ensilage produced a marked increase in the quantity,
and an improvement in the quality of the milk, and the bean
meal is better than oil meal in nutritive qualities. To be exact,
linseed oil meal contains twenty-seven pounds digestible
protein, and 32.2 pounds carbohydrates, and 7.1 pounds
fat, in 100 pounds of meal, whereas soy bean meal contains
30.1 pounds digestible protein, 30.7 pounds carbohydrates,
and 15.8 pounds fat in 100 pounds. If made into hay the
crop should be cut when the beans in the pod are about half
grown, just before the leaves begin to fall. After it is cured it
should be handled as little as possible to avoid crumbling the
leaves. This hay has a nutritive quality equal to that of bran.
We have, in a favorable season, raised three tons of this hay
per acre.
“The seed from which the stock we have here, is grown
was originally imported by the writer direct from Japan.”
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in South Dakota, or the cultivation
of soybeans in South Dakota. This document contains the
earliest date seen for soybeans in South Dakota, or the
cultivation of soybeans in South Dakota (Nov. 1895). The
source of these soybeans is unknown.
Note 3. This is also the earliest document seen (March
2021) concerning soybeans in Wisconsin, or the cultivation
of soybeans in Wisconsin. This document contains the
earliest date seen for soybeans in Wisconsin, or the
cultivation of soybeans in Wisconsin (Nov. 1895). The
source of these soybeans is unknown.
Note 4. This is the earliest document seen (June 2021)

that uses the word “planter” (“bean planter”), or the word
“drill” (referring to an implement), or the term “grain drill”
in connection with soybean production. Address: Prof.,
Kansas Agric. Exp. Station [Manhattan, Kansas].
217. Bretschneider, Emil V. 1895. Botanicon sinicum.
Notes on Chinese botany from native and Western sources.
III. Botanical investigations into the materia medica of the
ancient Chinese. J. of the North China Branch of the Royal
Asiatic Society 29:1-623. New Series. See p. 9-13, 385-86,
389. [200+* ref. Eng]
• Summary: The single most important early work on
Chinese botany written by a Westerner. Bretschneider, an
M.D., lived 1833-1901. Contents: Introduction (p. 1-9).
Titles of some Chinese, Japanese and European books quoted
in my researches by abbreviated references (p. 9-12).
P. = Pen ts’ao kang mu, the great Chinese Materia
Medica and Natural History by Li Shi-chen (second half of
the 16th century). (See Botanicon sinicum, I, p. 54).
T. = T’u shu tsi ch’eng, the great Chinese Cyclopædia,
published in 1726. (See Botanicon sinicum, I, p. 71). My
quotations refer to the chapters of the Botanical Section.
Ch. = Chi wu ming shi t’u k’ao, a Chinese Botany
illustrated by woodcuts, published in 1848. (See Botanicon
sinicum, I, p. 73). My quotations refer to the drawings.
The quotations from the Rh ya and the Classics refer to
Botanicon sinicum, Part II.
Kin huang = Kin huang Pen ts’ao, a treatise on plants
which can be used for food; accompanied with woodcuts
dating from the end of the 14th century (See Botanicon
sinicum, I, p. 49-53).
App. Appendix to the present = volume on ancient
Chinese geographical names.
K.D. = K’ang Hi’s Dictionary, the Kang hi Tsz’ t’ien
or Chinese Dictionary, published in 1716 by order of the
Emperor K’ang Hi.
W.D. = Williams’ Syllabic Dictionary of the Chinese
Language, 1874.
Amoen. exot. = E. Kaempfer’s Amoenitates Exoticae,
1712, in which a great number of Japanese plants are
described, sometimes also figured. The Chinese names in
Chinese characters are generally added.
Kwa wi, a Japanese Botany, illustrated by woodcuts,
published in the middle of the last century and translated into
French by Dr. L. Savatier in 1873 (See Botanicon sinicum, I,
p. 99).
Phon zo = Phon zo dzu ju, a large Japanese work on
Botany with nearly 1,800 coulored drawings illustrating the
Chinese Pen ts’ao kang mu, and published in 1828. (See
Botanicon sinicum, I, p. 100, Hon zo dzu fu).
So moku = So moku dzu setsu, another Japanese Botany
with 1,215 excellent drawings representing herbaceous
plants. (See Botanicon sinicum, I, p. 101). I quote these
drawings in preference to those of the Phon zo. To the latter
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I generally refer only in the cases in which the plant in
question is not mentioned in the So moku as e.g. trees.
Thbg. Fl. jap. = C.P. Thunberg’s Flora Japonica, 1784.
(See Botanicon sinicum, I, p. 126).
Sieb. Icon. = Dr. Ph. Fr. Siebold’s Coloured drawings
representing Japanese plants, about 600, unpublished. (See
Botanicon sinicum, I, p. 127).
Sieb. Zucc. Fl. Jap. = Dr. Ph. Fr. Siebold et Dr.
Zuccarini, Flora Japonica, 1835-1870; described and
pictured 150 plants. (See Botanicon sinicum, I, p. 127).
Sieb. oecon. = Siebold’s Synopsus Plantarum
Oeconomicarum Universi Regni Japonici, 1827.
Hoffm. Schult = J. Hoffmann et H. Schultes, Noms
indigènes d’un choix de Plantes du Japon et de la Chine,
2nd edition 1864. (See Botanicon sinicum, I, p. 127). The
botanical identifications of Japanese and Chinese names of
plants are based on Siebold’s statements.
Miq. Prol. Fl. Jap. = F.A.G. Miquel, Prolusio Florae
Japonicae, 1866.
Franch. Sav. Pl. Jap. = A. Franchet et L. Savatier,
Enumeratio plantarum in Japonia sponte crescentium, 18741876.
J. Matsumura, Nomenclature of Japanese Plants, in
Latin, Japanese and Chinese, 1884.
Gauger = G. Gauger, Chinesische Roharzneiwaaren,
1848. Descriptions of Peking drugs, with drawings. (See
Botanicon sinicum, I, p. 122).
Tatar Cat. = A. Tatarinov, Catalogus Medicamentorum
Sinesium, 1856. (See Botanicon sinicum, I, p. 122).
Han. Sc. pap. = D. Hanbury’s Science Papers, 1875. P.
209-277 his notes on Chinese Materia Medica are reprinted,
which originally appeared in 1860, 1861. (See Botanicon
sinicum, I, p. 128). = P. Smith = Dr. Fr. Porter Smith,
Contribution towards the Materia Medica and Natural
History of China, 1871. (See Botanicon sinicum, I, p. 128).
Cust. Med. = List of Chinese medicines passing through
the Chinese Maritime Customs, 1889.
Hank. Med. = R. Braun, List of Medicines exported from
Hankow and the other Yangtze Ports, 1888. (See footnote 4).
Parker, Sz ch’uan plants = Chinese Names of Plants
collected by E.H. Parker in Sz ch’uan [Sichuan, Szechwan]
1880 and 1881, and determined by Dr. Hance. (See China
Review, XI, 1883, p. 339).
Parker, Canton plants = Chinese Names of Canton
Plants, by E.H. Parker (See China Review, 1886, p. 104119).
Gardner Ichang plants = Vegetable products of the
Consular District of Ichang, in the Province of Hupeh, by
C.T. Gardner. (See Journal of the North-China Branch,
Royal Asiatic Society, XIX, 1884, p. 6-26).
Henry, Chin. plants = Chinese Names of Plants, by
Augustine Henry, M.A.–L.R.C.P. (See Journal of the NorthChina Branch, Royal Asiatic Society, XXIII, 1887, p. 233
seqq.). These names refer to the plants of the province of

Hupeh.
Ind. Fl. sin. = Index florae sinensis, by F.B. Forbes,
F.L.S., and W.B. Hemsley, A.L.S., 1888. Now in course of
publication.
The medicinal plants of the Shen Nung Pen Ts’ao King
[pinyin: Shennong Bencao Jing] and the Pie Lu [pinyin:
Mingyi Bielu] (p. 13-). Pages 385-86: Section “229.–ta tou,
Soy-bean, Soja hispida, Moench. P., XXIV, 1. T., XXXV.
“Comp. Rh ya, 29, Classics, 355.
Pen King:–Ta tou. The seed of the (3 Cc = 3 Chinese
characters given) hei dadou [black soy bean] is used in
medicine. Taste sweet. Nature uniform. Non-poisonous.
When eaten it causes the body to become heavy.
Pie lu:–The ta tou is produced in T’ai shan [in Shan
tung, App. 322] in marshes. It is gathered in the 9th month.
Su Sung [11th cent.]:–The ta tou is now generally
cultivated in two varieties–the white and the black. The latter
is used in medicine.
Li Shi-Chen:–There are many sorts of the ta tou–the
black, white, yellow, gray, green and spotted [according to
the colour of the seeds]. The black sort is used in medicine,
is also a valuable food, and is employed in making (1 Cc) shi
(Soy [fermented black soybeans]. V. infra, 234, and Bot. sin.,
II, 355). From the yellow sort oil is expressed (1 Cc) tsiang
[jiang] (sauces) and (1 Cc) fu (beancurd [tofu]. See l.c.) are
prepared. These beans are also eaten roasted. Besides the
seeds of the ta tou, and the oil expressed from them, other
parts of the plant are likewise officinal, viz. the (3 Cc) ta
tou p’i (the valves of the legume), the leaves, the carbonized
straw and the flowers.
“See P. Smith, 88, Dolichos soja. “230.- (4 Cc) [yellow soybean sprouts] ta tou huang
kuan. P., XXIV, 7.
This drug is noticed in the Pen king. As T’ao Hung-King
and Li Shi-Chen explain, this consists of the germs of the
black Soy bean, produced by steeping the beans in water and
causing them to germinate. These germs are used as food.
“This is still an article of food at Peking, but produced
from the yellow Soy bean and called (3 Cc) huang tou ya.
Note. This is the earliest English-language document
seen (Jan. 2013) that gives a name to soy sprouts; it calls
them ta tou huang kuan (old name) and huang tou ya
(present name).
Pages 389-90: “234.–Cc [fermented black soybeans]
ta tou shi. P., XXV, 2. Comp. Bot. sin., II, 355:–Soy. It is
noticed in the Pie lu. Li Shi-Chen says it is prepared from the
black soy bean.
“In the Cust. Med. the (2 Cc) tou shi is mentioned as an
article of import, p. 110 (183) Wu hu,–p. 164 (368) Shang
hai,–p. 216 (89) Wen chou. It is said to come from Han kow
and Ning po, and is identified there with salted black beans.–
See also Hank. Med., 45 [by R. Braun, 1888].
Appendixes. Chinese geographical names (p. 547).
Alphabetical index of Chinese names of plants (p. 606).
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Alphabetical index of genus names of plants (p. 616).
Address: Late physician to the Russian Legation at Peking.
218. Bretschneider, Emil V. 1895. Botanicon sinicum. Notes
on Chinese botany from native and Western sources. Part
III. Botanical investigations into the materia medica of
the ancient Chinese. Shanghai, Hongkong, Yokohama &
Singapore: Kelly & Walsh, Ltd. 623 p. Index. 28 cm. [Eng]
• Summary: This book was first published in 1895 as an
article in the Journal of the Royal Asiatic Society, North
China Branch. The contents and pagination of this book are
the same as the original article (which see). Address: M.D.,
Late physician to the Russian Legation at Peking, China.
219. Delectus seminum fructuum quæ hortus botanicus
Christianiensis pro mutua coinmutatione offert [List of seeds
in the botanical garden at Christianiensis {today’s Oslo,
Norway}]. 1895. Christianiæ [today’s Oslo, Norway]: A.W.
Broggers Bogtrykkeri. [Lat]
• Summary: Note: Liv Borgen, Prof., Botanical Garden and
Museum, Univ. of Oslo, writes. 1997. May 23. “You will
also find a full copy of our seed list from 1896, ‘Delectus
seminum fructuum quae Hortus Botanicus Christianiensis
pro mutua commutatione offert’ printed in 1895. On page
7 you can find [under Leguminosæ] ‘Glycine Soja Sieb. &
Zucc.’” Address: Oslo, Norway.
220. Engler, Adolf. 1895. Die Pflanzenwelt Ost-Afrikas und
der Nachbargebeite. Theil A. Grundzuege [The flora of East
Africa and neighboring regions. Part A. Fundamentals of
plant dissemination and distribution in German East Africa
and neighboring regions. 3 vols.]. Berlin: Geographische
Verlagshandlung Dietrich Reimer. See p. 33, 74, 99, 107.
Illust. 28 cm. [Ger]
• Summary: Page 52 gives a description of Accidium
(Aecidium?) Glycines P. Henn. Page 220, under the heading
“Tribe: Phaseolus,” describes the genus Glycine, noting that
there are about 15 species in the tropics of the Old World,
and lists Glycine javanica L., G. pseudojavanica Taub., G.
hedysaroides Willd., G. repens Taub., and G. maranguensis
Taub.
Engler was born in 1844. German East Africa was
later renamed Tanzania. Address: Geheimrath, Direktor des
Botanischen Gartens und Museum in Berlin.
221. Hills, J.L. 1895. Dairying. Vermont Agricultural
Experiment Station, Annual Report 8:142-92. For the year
1894. See p. 167-68.
• Summary: Section VI, titled “Miscellaneous fodder
crops” (p. 167-68) begins: “A series of experimental plots
containing a tenth of an acre each was laid out in the
spring of 1894... The following crops survived the attacks
of insects, drought, etc., and were harvested. The first
table gives the plot number, name of nine crops–incl. Soja

Bean (Green) and Soja Bean (Black), original substance
(percentage water and dry matter), and the composition
of the dry matter (percentage crude ash, crude protein,
crude fibre, nitrogen-free extract, ether extract, nitrogen,
phosphoric acid, and potash). The second table contains the
same columns plus “Total yield” and the same crops. The
Soja Bean (Green) was by far the best yielder, followed by
the Soja Bean (Black). The composition is given in total
pounds rather than as a percentage.
On p. 168 we read: “Soja (or Soy) Beans, green and
black medium varieties, (Soja hispida). Seed was obtained
from the Hatch Experiment Station of the Massachusetts
Agricultural College; 27 inch rows. These beans were grown
in 1893 as well as in 1894, and proved satisfactory each year.
As explained in the last report, they are of Japanese origin,
make good dry fodder or ensilage, and are relished by cattle.
No other leguminous hoed crop which we have grown have
given us better returns in tonnage of green fodder, dry matter
or protein. The green variety this year yielded at the rate of
six and a half tons green fodder, two tons dry fodder and
nearly a quarter of a ton of protein to the acre.” Address:
Director of the Station and Chemist, Burlington, VT.
222. Matsumura, Jinzô. 1895. Shokubutsu mei-i.
Enumeration of selected scientific names of both native
and foreign plants, with Romanized Japanese names, and
in many cases Chinese characters. Tokyo: Z.P. Maruya
(Maruzen K.K.). 8 + 26 + 17 + 321 + 62 p. See p. 134. With
a 26-page European-language bibliography and a 16-page
Japanese bibliography on botany. [606* ref. Eng]
• Summary: The author admits two species: Glycine soja
(tsuru-mame or no-mame, indigenous) and G. hispida (of
foreign origin).
Note: The National Union Catalog states that two similar
editions of this work were published in Tokyo in 1895. The
first, published by Maruya, is 321 p. The second, published
by “Z.P. Maruya & Co. (Maruzen K.K.),” is 455 p. Address:
Rigakuhakushi. Prof. of Botany, Tokyo Imperial Univ.
223. Trimble, Henry. 1896. Recent literature on the soja
bean. American J. of Pharmacy 68:309-13. June. [12 ref]
• Summary: One of the best early reviews of the literature,
especially the Japanese and European literature, published
in the United States. This paper introduced several new
soyfoods (such as natto and kori-dofu) to the United States
Contents: Introduction. Nutritional composition of the soja
bean based on analyses of 5 samples from China, Hungary,
France, and Japan. Diastatic enzyme / ferment “present in the
soja beans to a greater extent than in many other leguminous
seeds (see Güssmann 1890). Composition of etiolated soja
shoots [sprouts]. The oil [of the soja bean]. Starch content.
Sugar content. Use of soybeans as food in Japan. Miso.
Natto. Tofu. Kori-dofu. Introduction of the soja bean to the
United States in about 1888. Ability to obtain nitrogen from
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the air.
Note. This is the earliest English-language document
seen (Jan. 2013) that uses the term “etiolated soja shoots” to
refer to soy sprouts.
“The immediate excuse for the appearance of this paper
is the fact that a number of contributions have recently
appeared on the soja bean, notably from the College of
Agriculture, Imperial University of Japan.”
“The oil may be extracted by pressure or by means
of solvents [in the laboratory]; it is said to possess some
laxative properties, is of a yellowish brown color, and
has a slightly aromatic odor; it is intermediate between
the drying and non-drying oils.” The following constants,
based on Stingl and Morawski (Chemiker Zeitung, 1886,
p. 140) are given: “Specific gravity at 15ºC: 0.924. Point
of solidification: 8-15ºC. Fusing point of the fatty acids:
27-29ºC. Point of solidification of fatty acids: 23-25ºC.
Temperature rise: 59ºC. Iodine number: 121.3. Iodine
number of the fatty acids: 122. Saponification number:
192.5. Note: Trimble actually got these constants from J. of
the Society of Chemical Industry, 31 May 1893, p. 453-54,
which summarised an Italian-language article by De Negris
and Fabris (1891), whose values confirmed those obtained by
Stingl and Morawski.
Trimble (p. 311-12) gives a good, detailed description
of natto based entirely on Yabe (1894). Parts of his
summary perceptive: “Yabe found in this substance four
kinds of microbes present, and he believes the chemical
decomposition of the proteids to be due to one or more of
these microbes... A chemical investigation by the author just
mentioned [Yabe] revealed tyrosine, peptone, guanine, leucin
and xanthine. The total proteids amounted to considerably
more in the natto, when allowance is made for moisture, than
existed in the original bean, and the artificial product is also
considered to be much more digestible.”
Concerning tofu and soymilk: “A still more interesting
preparation of the soja bean than either of the preceding
[miso and natto] is tofu. This has been described and
investigated by M. Inouye (Bulletin Imp. College of
Agriculture, Vol. 2, No. 4 [1895]). The beans are first soaked
for about twelve hours in water, and then crushed between
two millstones until a uniform pulpy mass is obtained. This
is then boiled with about three times its weight of water, and
filtered through cloth. The liquid filtrate is white and opaque,
very closely resembling cow’s milk, while the odor and taste
remind one of fresh malt. On standing, the liquid becomes
sour from the formation of lactic acid, and a coagulation of
the casein takes place. The freshly boiled and filtered liquid
is coagulated either by the addition of a portion of the sour
liquid which has been set aside from a previous lot, or it is
treated with about 2 per cent of a concentrated brine, such as
is obtained as mother liquor from the preparation of sea salt.”
“Somewhere about the year 1888 the soja bean was
introduced into the United States. It has been tried in a

number of State Experiment Stations, and is gradually
working into favor in the Southern States. In Kansas the
plant has been found to withstand considerable drought...
The plant is valuable for forage or soiling. The beans have
been produced in South Carolina to the amount of 10 to
15 bushels per acre. On account of their richness in oil
they have been used as a substitute for cotton-seed meal in
feeding cattle, with very satisfactory results.
“The plant is believed to have, in common with most
leguminosæ, the power of obtaining some of its nitrogen
from the air, and hence, of acting as a soil renovator.”
Note 1. This is the earliest document seen (Aug. 2013),
published in the USA, that contains the word tofu, or koridofu [dried-frozen tofu], or that discusses soymilk.
Note 2. This is the earliest English-language document
seen (March 2008) that contains the term “iodine number”
(regardless of hyphenation or capitalization).
Note 3. This is the earliest English-language document
seen (July 2020) that contains the word “drying” in
connection with soy oil and its iodine number, or that states
that soy oil is intermediate between the drying and nondrying oils. Address: USA.
224. Naudin, Charles Victor. 1896. Botanique agricole–
Nouvelles recherches sur les tubercules des Légumineuses
[Agricultural botany–New research on the tubercles of
legumes]. Comptes Rendus des Seances de l’Academie des
Sciences (Paris) 123:666-71. Meeting of Monday, 2 Nov.
1896. [Fre]
• Summary: After a discussion of the work of Boussingault,
Georges Villet, Hellriegel, Wilfarth, and Nobbe and Hiltner,
the author mentions Rhizobium and notes that he has
inoculated and planted members of 21 different leguminous
genera, including Soja (p. 669). They grew well. He then
puts forward a new theory of nitrogen fixation by legumes–
which did not withstand the test of time.
225. Osborn, Herbert; Mally, C.W. 1896. Entomological
work for 1895: The four-spotted pea weevil (Bruchus quadrimaculatus, Fabr.). Iowa Agricultural Experiment Station,
Bulletin No. 32. p. 386-94.
• Summary: Experiments with carbon bisulfide fumigation
were conducted to determine its effect on the germination
of various seeds infested by these insects. Fifty seeds each
of Keyusunke [Kiyusuke] soy bean and yellow soy bean
[Yellow Soy Bean] were fumigated and planted. These were
compared with an unfumigated check. Fumigation reduced
the number of seeds that germinated only slightly. This
weevil did not live in yellow soy beans. “In the yellow soy
beans it is quite probable that a few mature, for a number of
beans have been found in the seed room showing an opening
similar to the ones made by the weevils in the whip-poorwill peas. But in all the specimens of this... examined the
contained larvae were dead, only having entered the seeds
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a short distance and they probably never survived the first
moult.” A photo (p. 386) of Bean Weevils, and beans, shows
eggs on surface and the holes eaten by weevils. Address: 1.
Entomologist; 2. Asst. Entomologist. Both: Ames, Iowa.
226. Times (London). 1897. Section K.–Botany: Bacteria and
cheese. Aug. 21. p. 6, col. 6.
• Summary: “It is not impossible that the much more definite
results obtained by investigations into the manufacture of the
vegetable cheeses of China and Japan will aid bacteriologists
in their extremely complex task. These vegetable cheeses
are made by exposing the beans of the leguminous plant
Glycine–termed soja-beans–to bacterial fermentations in
warm cellars, either after preliminary decomposition by
certain mould-fungi, or without this. The processes vary
considerably, and several different kinds of bean-cheeses are
made, and known by special names. They all depend on the
peculiar decompositions of the tissues of the cotyledons of
the soja-bean, which contain 35-40 per cent of proteids and
large quantities of fats. The softened beans are first rendered
mouldy, and the interpenetrating hyphae render the contents
accessible to certain bacteria, which peptonize and otherwise
alter them.”
Soy [sauce] is a “brine extract of mouldy and fermented
soja beans,...”
227. Union (Saint George, Utah). 1897. Soy beans. Oct. 9. p.
3, cols. 3-4.
• Summary: From Rural Northwest. “The U.S. Department
of Agriculture has issued a farmer’s bulletin on the Soy Bean
as a Forage Crop, and Soy Beans as Food for Man. There is
very little general knowledge about Soy beans in this part of
the United States. A few years ago it was advertised under
various names at fancy prices as a substitute for coffee.
“The Bulletin says that it is a native of southeastern Asia
[sic] and has been cultivated from very ancient times. It has
only been introduced into other regions in modern times.
“It has been grown in this country in the South for many
years but has only received attention as a forage plant in the
last fifteen years.
The Soy bean requires about the same temperature as
corn. The earlier varieties have been found in Europe to
mature further north than the earlier varieties of corn. As a
general thing the soy bean is not as easily injured by frost
as corn. It has excellent drouth-resisting [drought-resisting]
qualities, and at the same time can withstand an excess of
moisture better than the cow pea or even than corn.
“In Japan it is usually sown about the end of May and
is cut for hay in August. The general methods of culture
are similar to those given field beans. If the crop is to be
made into hay or silage the best time to cut it is when it is
in full bloom or pods beginning to form. Under favorable
circumstances 12 or 13 tons of fresh fodder are obtained per
acre. In New England yields of 9 to 12 tons are reported. The

green fodder has much the same composition as red clover
but is slightly higher in protein. The beans are almost as rich
in protein and richer in fat than the best cottonseed meal.
Experiments at the Storrs Experiment Station [Connecticut]
show that soy bean hay compares well with clover and
alfalfa hay as to digestibility. The beans have a very high
percentage of digestibility. They contain five times as much
digestible fat as ordinary wheat bran.
“In Japan the plant is highly valued as a nitrogen
collector and is extensively grown in rotation with other
crops to keep up the nitrogen. In some parts of the United
States it has not formed root tubercules.
“There is said to be no other crop so easily grown that is
so rich and can be used to such good advantage in compound
feeding rations as the Soy beans.
“In Japan various preparations of Soy bean supplement
rice as food for man, the deficiency of protein in rice being
made up by the large supply of it in Soy beans.
“There are many varieties of Soy beans. The Medium
Early Green or the Medium Early Black would be most
likely to prove satisfactory in this section.”
Note: One rarely reads that the soybean is cut to make
hay in Japan.
228. Advocate (The) (Topeka, Kansas). 1897. The soy bean.
Oct. 20. p. 2, cols. 3-4.
• Summary: “The soy bean (Glycine hispida), previously,
but incorrectly called soja bean, is a leguminous plant, native
of south-eastern Asia. De Candolle says that it originally
occurred in the wild state in the region ‘from Cochin China
to the south of Japan and to Java.’ It has been cultivated from
very ancient times, and in some countries, notably Japan, it
is a very important food plant, and its cultivation has reached
such an advanced stage that innumerable varieties and forms
have been developed.”
“Professor Georgeson has obtained fairly good results
in Kansas on very poor soils, and under very adverse
conditions as to moisture. In South Carolina the soy bean
gives excellent crops on sandy, limestone, or marly soils, and
also on drained swamp and peaty lands that are well marled.
Experiments in both Europe and America show that the soy
bean possesses excellent drought resisting qualities, enduring
dry weather much better than the ordinary field or garden
beans.”
Details are then given on how to cultivate soybeans.
229. Naudin, Charles Victor. 1897. Nouvelles recherches sur
les nodosités ou tubercules des légumineuses (et sur leurs
rapports avec ces plantes) [New investigations on legume
nodules or tubercles (and on their connection with these
plants)]. Paris: Librairie Agricole de la Maison Rustique. 75
p. [Fre]
• Summary: In Part I (p. 1-20), soybeans are mentioned on
pages 5 and 16, and peanuts on p. 6. In Part II, section 4 is
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Arachis hypogaea (p. 24-27), and section 26 is Soja hispida
(p. 56-58). The conclusion is p. 69-75.
Part I is an introduction and a commentary on how our
knowledge about edible legumes has increased over the ages
as a result of contact with people in various cultures. “In
Europe and in our colonies, the haricot beans of America,
the Dolichos and Soja of the Far East, the peanut from
Brazil, the cashew from India, and many other economic
legumes have shown no difficulty finding their home with
us or elsewhere when the nature of the soil and climate were
favorable.” The author then discusses natural vs. sterilized
soil and the different results from nitrogen, nodules, and
nodulation.
Concerning the soybean (p. 56-58): Soja hispida–
Edible legume from China, introduced a few years ago into
Europe and cultivated in several countries. It is also found
in America where it appears that it is esteemed as an edible
plant. We know that its beans are so rich in albuminoid
materials [protein] that the Chinese make a sort of cheese
[tofu] from it, and in France its use is recommended for
diabetics.
In 1895, I cultivated it at Rastine [perhaps the name
of his home or estate; it may be in southern France near
Toulouse] where it did well, despite the drought, and proved
to be very productive. I found no root tubercles on any of
these plants. At Villa Thuret in the last days of May, I planted
7 soybeans in a very large pot of earth sterilized by boiling,
and 7 other seeds in a similar pot filled with control soil from
the garden. All these seeds came up at the same time, but the
plants from the sterilized pot quickly took a lead upon those
from the control soil. They were greener, more vigorous, and
rose to 0.5 or 0.6 meters while those of the other pot hardly
passed 0.4 meters in height.
On September 6, the 14 plants were pulled out of
the earth, and the large clod that enclosed their roots was
dissolved in water. In the sterilized pot three plants presented
neither tubercles nor bulges of any sort. On the fourth plant
we distinguish on the gnarl a pustule of doubtful nature.
On the three others we find 7 or 8 tubercles spread out on
the roots or agglomerated and forming tuberosities the size
of a small pea. The 7 plants from the control soil all bore
tubercles but not very many and hardly the size of a cabbage
seed. This comparative experiment shows first that the earth
rid of microbes that it could contain by boiling is more
favorable to soybeans than soil with bacteria in it, and that
the seeds of this legume can contain bacteria that, depending
on the circumstances, will develop or will remain inert,
which is the case with all other legumes.
Note 1. Naudin lived 1815-1899. Itie (1910, p. 48)
notes: “Naudin finally confirmed that, rich in tubercles in
its country of origin, the soybean does not take these with it
when planted in a distant location.”
Note 2. A footnote states that this is a revised edition of
des tubercules et des tuberculoïdes des légumineuses in: (1)

Memoires de l’Academie des Sciences de Toulouse, 1893;
and (2) Comptes Rendus des Seances de l’Academie des
Sciences, June 1896, p. 407.
230. Prain, David. 1897. Some additional Leguminosae. J. of
the Asiatic Society of Bengal Vol. 66 (Part II. No. II) p. 347518. See p. 403-04. [3 ref. Eng]
• Summary: “The present paper contains descriptions of
species that are new to India in the sense that they are not
included in the account of this Order prepared in 1876 by
Mr. J.G. Baker, F.R.S., the distinguished Keeper of the
Herbarium, Royal Gardens, Kew, for Sir Joseph Hooker’s
Flora of British India, Vol. II. Some of the species are new
to science or at all events are not to be traced in any of
the works in the library of the Calcutta garden and are not
provided with names either in the Calcutta Herbarium or in
that at Kew. Others are species already described elsewhere
but not included in the Flora of British India because they
had not been reported from within the limits of the Indian
Empire up to the time when Mr. Baker’s account of the
Leguminosae was being prepared.”
“Glycine Linn. 1. Glycine javanica Linn. 2. Glycine
pentaphylla Dalz.
“3. Glycine hispida Maxim... The soy bean. Mr.
Maximowicz in 1873 pointed out that Glycine Soja S.& Z.
is not the cultivated ‘Soy,’ but is the wild species that was
subsequently redescribed by Regel and Maack as Glycine
ussuriensis. For this reason Mr. Maximowicz suggested
the use of the name Glycine hispida, since Moench had
named the ‘Soy’ Soja hispida and because that name had
become almost classical owing to its use in the Prodromus.
As Sir J.D. Hooker and Mr. Jackson have adopted Mr.
Maximowicz’ suggestion in their Index Kewensis, and as Mr.
Duthie has also followed it in his Field and Garden Crops,
it is necessary to indicate the fact here. There is however, no
doubt that the ‘Soy’ is Roxburgh’s Dolichos Soja and it is
almost equally certain that it is Dolichos Soja Linn.; it would
therefore, in the writer’s opinion, be far better to retain the
name Glycine Soja for our plant, citing as our authority
Bentham in Journ. Linn. Soc. viii. 266, and allow the name
G. ussuriensis to be substituted for that of the wild species
previously name G. Soja by Siebold and Zuccarini.
“Mr. Baker says of the Soy, ‘often cultivated’; this
might lead to the supposition that it is a wild species in India.
This it most certainly is not; even as an escape it is of rare
occurrence. In connection with this it may be mentioned
that in one of the few unequivocal instances of ‘escape’
among Herb. Calcutta examples, (specimens collected by
Mr. Kurz on the banks of the Ganges at Sahebganj) the
plant, instead of having suberect, has long trailing stems;
but for their greater hispidity the specimens might well
pass as representing the wild G. ussuriensis. Very probably,
therefore, Mr. Maximowicz’ suspicion that the Soy is only a
cultivated variety of the Ussuri plant may be correct.”
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Observations on the soybean continue under Phaseolus
radiatus Linn. (p. 422-23): “Phaseolus Max Linn. is a
composite species. Wight and Arnott say that the plant from
Hermann’s herbarium included here, and on which the
species was probably based, has no flowers. The American
plant quoted by Linnaeus under P. Max is, according to Savi,
a distinct species P. Hernandezii; the Cadelium [kadelee or
kedelé] of Rumphius (Herbarium Amboinense [1747], vol.
5, t. 140) also quoted, is obviously a form of Glycine hispida
Maxim., the Soy or Soja.”
Piper and Morse (1923, p. 30-32) quote a long passage
by Prain elucidating how Linnaeus was led to confuse
soybeans and mung beans under one name. For the source of
that quote, see: C.V. Piper. 1914. The name of the soybean:
A chapter in its botanical history. Journal of the American
Society of Agronomy 6(2):75-84. See p. 78.
Note: This is the earliest document seen (Sept. 1996)
by a native English speaker, that uses the word “Soy” or the
phrase “the Soy” to refer to the soy bean rather than to soy
sauce.
Also discusses: “11. Phaseolus radiatus Linn. Species
Plantarum 725. The writer agrees with Mr. Baker in
considering that Phaseolus Max Roxb. [Roxburgh]–the
Krishna Mung, and P. aureus Roxb.–the Sona Mung, are
only varieties of P. Mungo Roxb–the Mung itself.” The Mash
or Urd is a totally different plant. “The three leading varieties
of Mung (P. radiatus Linn.) may be readily distinguished as
follows:” 1. Var. typica. Seeds green. P. Mungo Roxb. Flora
Indica iii, 292. 2. Var. aurea. Seeds yellow. P. aureus Roxb.
Flora Indica iii, 299. Phaseolus Atsuki [azuki] Siebold.
Verh. Batav. Gen., xii, 57. Sona Mung, the most esteemed
form of Mung. 3. Var. grandis. Seeds black. P. Max Roxb.
Flora Indica iii, 295. The “least esteemed form of Mung. It
is certainly an introduced form, probably from the Chinese
Empire where it is widely grown from Shanghai to Yarkand.
In S. China it is called Lutou (pinyin: Ludou; ‘green beans’)
(Aug. Henry 1893, no. 6 [p. 13]); in Yarkand Dr. Scully notes
that this is what as known as Mash, a name that in India is
restricted to P. radiatus Roxb. (P. Mungo Linn.)–the MashKulai or Urd crop.”
(2) “11b. Phaseolus Mungo Linn. Of this there are two
fairly distinct forms:” Vera and Roxburghii. The latter is:
“The Urd or Mash-Kulai; a very important Indian crop,
totally different from, and much more important than, the
Mung crop.” Address: Probably India.
231. Otago Witness (New Zealand). 1898. Farm notes: A new
fodder plant–The soja bean. Jan. 13. p. 7.
• Summary: From The Australasian: “The fodder plant
that has attracted more attention than any other among the
farmers of the United States during the last few years is
the soja bean. It has not advanced into public notice as the
result of any boom, but is rapidly coming into the foremost
place purely on its merits. It has been principally grown

in what is known as the ‘corn belt,’ sometimes with maize
but often as a single crop. It thrives on the uplands, but
naturally gives heavier yields on the rich river flats. What
should make this fodder plant worthy of the attention of
Australian agriculturists is the fact that it withstands droughts
admirably, and yields a fair crop even in a very dry time
when the maize proves a failure.
“According to reports, the soja bean is most valuable for
feeding off stock on the ground, one practice being to fatten
cattle, sheep, or pigs on them when the maize cobs have been
harvested. Owing to the large amount of oil it contains the
soja bean is extremely fattening, while the plant is regarded
as equal to clover hay in feeding quality. The testimony of
farmers and experimental stations is so greatly in favor of
this plant that it should be worthy of trial at the hands of
Australian farmers. The evidence given on this plant points
to its being a most valuable fodder for dairy stock.
“Mr. R.Y. Gaines, of Virginia, says:–’In 1884-85
and 1886 I made experiments that demonstrated the
adaptability of the soja bean to our soil and climate, as
well as its inestimable value as a food product, What was
then pronounced by many as Utopian and chimerical are
now demonstrated facts.’ He says it as entirely owing to
the cultivation of the soja bean that he was able to keep his
head above water in these hard times. The Massachusetts
Experiment Station, in reporting on the feeding quality of
the soja bean, says:–”They are probably the richest known
vegetable substance... A hundred pounds of shelled corn
contains 4.5 lb of fat. A hundred pounds of soja beans
contains 18.9 lb of fat. They require less labor to cultivate
than corn, will make more feed on poor land, and on rich
land will treble the feed value of corn.’
“Mr. J. Beetwood, writing to ‘Swine Husbandry,’ says:
‘I have threshed over 100 bushels of soja beans from one
acre of rich river flat. It is the best feed for hogs we know of,
making the firmest and fattest pork.’
“Mr. E.S. Wilson, of Illinois, writing to ‘Coleman’s
Rural World,’ says:–’It is certainly a grand forage plant. I
have known it to stand in water for three weeks and yet come
out and make a good crop. This season, with the weeks of
drouth and high temperature, every bush was full of beans,
the feeding value of which is rated the same as cotton seed.
Its threshed straw in Herbert Myrick’s feeding chart is rated
as high as clover hay, and a crop on good land will make two
tons of straw per acre.’ On land that has been cropped for
half a century it has yielded 26,650 lb of green fodder per
acre cut for silo.
“Mr. Morris, of Illinois, writing to ‘Coleman’s Rural
World,’ says:–’Owing to the large amount of oil it contains
it is slow curing and must be thoroughly cured to keep. For
forage I cut as soon as the leaves begin to fade; when the
beans are dry store in barn.’ There are several varieties of
the bean in cultivation, the best known being the mammoth
[Mammoth] and the dwarf. Mr. Morris gives the following
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directions for harvesting the crop:- ‘The dwarf beans must
be cut with a corn knife. Take a stick 20 in long in the left
hand, with it bend the plant to the left, and cut the plant at
the surface of the ground with the knife. To harvest the larger
varieties, if for feed, let the leaves begin to turn yellow at
the bottom of the plants, and cut with a mowing machine or
table rake. Let them stand for a day or two, then bunch into
small cocks. After four or five days bunch into larger cocks,
and let stand until the beans get dry in the pods. It will take
10 days. To cut for a seed crop, let stand until the leaves all
turn yellow. The seed crop must be carefully dried before
putting into bulk, as heat would endanger the vitality of the
beans. The plant is extremely hardy, and is said to be able to
hold its own against flood, frost, drought, grass, and weeds.
Curiously enough, the soja bean was cultivated in America in
small quantities for many years before its value as a fodder
plant was discovered.
“In Victoria [Australia] soja beans have been cultivated
on a very small scale for the last 10 or a dozen years [i.e.,
since about 1888 or 1886], but never on a scale to test its
value as a fodder plant. A few farmers in Gippsland [a
rural region in Victoria, Australia, stretching just east of
Melbourne to the New South Wales border] cultivate it
for supplying seed to the Melbourne seed houses, but the
demand is extremely small. The soja bean is small, scarcely
half the size of the smallest pea [sic] in cultivation. It is
smooth-skinned and not nearly as hard as the English horsebean.”
232. Industrialist (The) (Manhattan, Kansas). 1898.
Economy in feeding. 24(2):120. Feb.
• Summary: “If 10 cents per head can be saved in the cost of
fattening each hog, the total saving will amount to $200,000
per annum. Our station will attempt to discover the best
methods of feeding and the best feeds for beef and dairy
animals and swine. A special study will be made of the best
methods of feeding our drouth-resisting [drought-resisting]
crops–sorghum, alfalfa, Kaffir corn, and soy beans.”
233. Burtis, F.C. 1898. Growing soy beans. Industrialist
(The) (Manhattan, Kansas) 24(4):261-63. April.
• Summary: “The characteristics and history of the soybean
have been outlined at frequent times from our station and
elsewhere, and need not be repeated here. To those not
acquainted with its growth, it will be sufficient to say that
this bean is an erect-growing plant, which, under Kansas
conditions, and on different soils, attains a height of from 1½
to 3½ feet. Its stems are stiff, woody, brittle and profusely
branched, bearing numerous pods. Seed furnished by our
experiment station has been tried by a great many farmers
in a small way. Some have found the plant adapted to their
wants and are growing it more or less extensively. One
grower has raised thirty-five acres the past season, and has
planned to put out one hundred acres the coming summer. It

is valued as a forage crop of great drouth-resisting [droughtresisting] qualities, and yielding a fair quantity of grain,
containing a large per cent. of protein (larger than linseed
meal), a compound in which our common stock-foods are
deficient. The success of those raising the soy bean on a large
and practical scale has excited new interest and is stimulating
others to make the trial. Many inquiries render it necessary
to send out more instructions as to methods of planting,
harvesting, etc.
“The soybean is a legume, hence a nitrogen gatherer,
and will do much better on a poor, thin soil than many other
plants under similar conditions; but for a paying crop of
grain, it is best to select a soil of medium fertility at least;
and for the maximum yield of grain, the richest and deepest
soil will be needed, and the extra yield of grain will pay
for the chance afforded. Foul land should be avoided, as it
will require hand work to keep the weeds out, which may
increase the cost of cultivation beyond the profitable point.
“The soil should be so handled as to have it in fine tilth
and free from weeds at the time of planting. Less labor will
be required in the future cultivation of the crop if the weeds
are kept down some what during the spring with the disc
harrow, and the ground plowed just before planting, and
in this case it must be thoroly harrowed and leveled. This
method gives the weeds such a back-set that it is preferable
to fall plowing.
“Altho proof against an ordinary spring frost, they
thrive much better when the weather becomes settled and
warm. There is really a disadvantage in seeding before the
middle of May, and it may be delayed until the last week
in June, and still mature a crop of grain. Seeding before the
middle of May does not seem to hasten the time of maturing
materially, but makes the period of cultivation longer and
more expensive, with no increase in yield of grain.
“Other ways than seeding in drills and cultivating have
been a total failure with us, and we cannot recommend
broadcasting. Drill in rows as close as can be cultivated with
a two-horse cultivator. While close planting will give a larger
yield, the extra trouble in cultivating will over-balance the
gain. Rows thirty-two inches apart can be worked with most
cultivators. The plants should stand from two to three inches
apart in the row. For such seeding it will re quire thirty to
forty pounds of seed per acre. A common grain drill with
part of the holes closed is a handy implement for drilling
them in, as two rows can be seeded at the same time. Some
have succeeded in using the corn drill. In cultivating use a
cultivator with small shovels so as not to throw up ridges,
which will bother in harvesting, and thus also avoid covering
up some of the pods that grow very close to the ground.
“A peculiarity of the ripe pods is their cracking open in
the hot sun, making the harvesting and handling a point to
be watched closely and attended to at the proper time. The
medium varieties generally mature during the last week in
August or the first week in September. The pods turn brown
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as they ripen, and the cutting should be started on a large
patch when about two-thirds of the pods have changed
color. We have used two methods of harvesting that are
practical for large patches. A self-rake reaper does the work
very speedily, keeps the beans clean, and leaves them in
convenient bunches for further handling. This method will
leave a few pods next to the ground uncut, but the time saved
will make up for these, and if it is practicable to turn hogs in,
they will pick these up clean. The second method is probably
in reach of more farmers, but will prove a little more
expensive and disagreeable. A common cultivator is rigged
up with two horizontal knives, bolted to and extending out
from its inner shanks, so as to run just below the surface of
the ground and cut the beans off as does the regular bean
harvester. The stalks can then be gathered in piles with
rakes or forks, or with a horse rake; but using the horserake
involves hand cleaning. Varying with the condition of the
beans and the weather, as a rule, the cocks should be left in
the field several days before threshing. During this time they
should be watched very closely, as a day or two of hot, dry
weather may cause much shattering of the pods.
“By putting in all blank concaves and running the
machine slowly, a common thresher will thresh the beans
nicely without much cracking. Soybeans do not crack so
easily as navy beans.
“During the last eight years on the station farm, the yield
of grain of the soybean has been from ten to twenty bushels
per acre. The past winter the college has used its surplus
seed for feeding experiments. Several hundred bushels of
the seed have been sold over the state by private parties this
winter, but the demand for seed has exhausted the supply.
As a catch crop, after wheat or oats, soy beans have proven
very successful, and this will probably be the most universal
use made of them in the future. At this station in 1896 a
yield of eight bushels of soybeans per acre was harvested
from twenty acres of wheat ground that was seeded the last
of June. The wheat was promptly removed, and the ground
plowed and thoroly harrowed. The beans came up readily
and made a rapid growth. In the fall the ground was in fine
condition for another seeding of wheat if it had been desired.
If the weather turns off extremely dry, the growth of beans
will be small and disappointing; but even in case of total
failure, the land will have had an early plowing, which is a
most important thing for a succeeding wheat crop.
“Our feeding experiments with soybeans in the past have
been mostly with pigs, but at present they are being tested as
a dairy feed. They are excellent to crowd or put a finish upon
fattening hogs at any age, but they can be most economically
fed to shoats or weanling pigs. With young pigs a feed of
corn meal with an addition of one-third soybean meal, will
produce fifty to one hundred per cent greater gains than can
be obtained by exclusive feeding of corn.”
Note: This is the earliest document seen (June 2021)
that mentions the use of a “disc harrow” or of a “horse rake”

or “horserake” or of a “thresher” (“a common thresher”) for
soybean production. Address: Kansas State Univ.
234. Farcy, J. 1898. Le soja en Provence [Soybeans in
Provence, southern France]. Journal d’Agriculture Pratique
62(1):492-94. [Fre]
• Summary: Southern France is the country of legumes; the
climate suits them well. The soybean is marvelously well
adapted to the climate of southern France. First and foremost,
it has a great resistance to dry weather and drought, and can
be cultivated without irrigation. Moreover, it is endowed
with a robust constitution, which permits it to resist all kinds
of animal and vegetable parasites and other pests which in
past years have ruined crops of beans (fève), black haricots,
and chickpeas (pois chiches). The most widely cultivated
variety is the Soja d’Etampes, which matures earlier than
any other variety. An illustration (non-original line drawing;
p. 493) shows the Soja d’Etampes plant (from an original in
Carrière 1880). Address: Prof. of Agriculture at Brignoles,
Var.
235. Industrialist (The) (Manhattan, Kansas). 1898. Local
notes: Farm department. 24(4):285. April.
• Summary: “We expect to put in this season nine acres of
alfalfa, thirty-five acres of Kaffir corn, and fifty-five acres of
soybeans. Field tests are being made with the Campbell subsurface packer.
“Our dairy cows are now being fed a ration of Kaffir
corn fodder for roughness and equal parts of Kaffir corn
meal and soybean meal for grain. The flavor of the butter
from this ration is good, but the butter so far has been a little
soft. Longer feeding is necessary to determine this point. If
good butter can be produced when soy beans are fed, Kansas
farmers will not need to buy the costly cotton seed and
linseed meals, as soybean meal is as rich in protein as linseed
meal and the soy bean is one of our best drought-resisting
plants.” Address: Kansas State Univ.
236. Prairie Farmer. 1898. Planting soy beans. 70(26):2.
June 25.
• Summary: “As previously reported, the Farm department
will plant about fifty-five acres of soy beans this season. The
crop is put in for grain production and will be used in feeding
steers and dairy cows. The fields are being inoculated by
sowing broadcast soil in which plants bearing root tubercles
have been grown. In the experimental plats different methods
of soil inoculation are under trial. We are drilling and sowing
broadcast inoculated soil, before, at, and after planting,
each method being tested with 100, 500 and 1,000 pounds
of soil per acre. Tests are also being made of dipping the
seed in water in which infected soil has been placed and of
mixing the seed with mud made from inoculated soil. Cooperative tests are being carried on in various parts of the
state in growing soy beans by eighteen of the students in the
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agricultural course, and Mr. G.P. Wagner is making a test
of soil inoculation for this crop. The importance of these
experiments with soy beans may be understood when it is
remembered that soy beans are as rich in protein as linseed
meal, supplying from three to four times as much protein as
corn, and that the soy bean is one of our best drouth-resisting
[drought-resisting] plants. The United States Department
of Agriculture reports yields in other sections of from fifty
to one hundred bushels per acre; in Kansas, as the yield
has been eight to twenty bushels, it seems probable that
inoculating the soil with root tubercle-forming microbes will
aid in increasing the yield–The Industrialist” [Manhattan,
Kansas].
237. Industrialist (The) (Manhattan, Kansas). 1898. Local
notes: Farm department. 24(6):431-35. June. See p. 433.
• Summary: “As previously reported, the Farm department
will plant about 55 acres of soy beans this season. The crop
is put in for grain production and will be used in feeding
steers and dairy cows. The fields are being inoculated by
sowing broadcast soil in which plants bearing root tubercles
have been grown. In the experimental plats different methods
of soil inoculation are under trial. We are drilling and sowing
broadcast inoculated soil, before, at, and after planting,
each method being tested with 100, 500 and 1000 pounds
of soil per acre. Tests are also being made of dipping the
seed in water in which infected soil has been placed, and
of mixing the seed with mud made from inoculated soil.
Coöperative tests are being carried on in various parts of the
state in growing soybeans by eighteen of the students in the
agricultural course, and Mr. G.P. Wagner is making a test
of soil inoculation for this crop. The importance of these
experiments with soybeans may be understood when it is
remembered that soybeans are as rich in protein as linseed
meal, supplying from three to four times as much protein as
corn and that the soybean is one of our best drouth-resisting
[drought-resisting] plants. The United States Department
of agriculture reports yields in other sections of from 50 to
100 bushels per acre; in Kansas as the yield has been 8 to 20
bushels, it seems probable that inoculating the soil with root
tubercle-forming microbes will aid in increasing the yield.”
Note: The next section shows that The Industrialist is
published by the Kansas State Agricultural College. This past
year: “There have been enrolled a total of 804 students, an
increase of seventy, or nearly ten per cent over last year.”
238. Farm Department. 1898. Kaffir corn for fattening pigs.
Kansas Agricultural Experiment Station, Press Bulletin No.
7. Sept. 13. Reprinted in p. 12-14 of Bulletin 86.
• Summary: Soy bean meal (whole ground soybeans) was
used as an ingredient, at the level of 13-15%, in four diets
based on kaffir corn or kaffir corn meal. “At the close of
the experiment the pigs fed kaffir corn and corn averaged
respectively 110 and 111 pounds each, and were rough and

lank. The pigs fed kaffir and soy bean meals averaged 164
pounds, those fed corn and soy bean meals 154 pounds, and
both lots were well rounded out and were sold at good prices
for light fat hogs.
“These experiments show that kaffir corn is similar to
corn in fattening qualities but not equal to it, and that if a
small quantity of feed rich in protein, as alfalfa, soy beans or
skim-milk, is added to the ration of kaffir corn, good results
are obtained.”
“The soy bean is one of the best drouth-resisting
[drought-resisting] crops, and if farmers will raise this crop
as well as kaffir corn, or corn, pigs can be fattened profitably
in every part of the state.”
Note: This Press Bulletin was also published in The
Industrialist (Dec. 1898, pp. 709-10). Address: Manhattan,
Kansas.
239. Globe-Republican (Dodge City, Kansas). 1898. Soy
beans in Kansas. Sept. 29. p. 2.
• Summary: “President Thomas E. Will of the State
Agricultural College, in a letter to a friend in Topeka
[Kansas], declares that the Soy bean, which was introduced
at the college, from Japan a few years ago, is a godsend to
the dry regions of Kansas. On poor land near the college the
beans stood a severe drought this year, but made a crop of
from seven to ten bushels an acre.”
240. Cottrell, H.M.; Burtis, F.C.; Otis, D.H. 1898. Feed
and care of the dairy cow. Kansas Agricultural Experiment
Station, Bulletin No. 81. p. 11-38. Sept.
• Summary: A table (p. 12) gives the “Digestible nutrients,
pounds per 100 pounds of feed.” Among the “Concentrates”
is “Soy bean meal” [probably ground whole soybeans],
which contains: Protein 29.6. Carbohydrates 22.3. Fat 14.1.
By contrast, cottonseed meal (which has the highest protein
content) contains: Protein 37.0. Carbohydrates 16.5. Fat
12.6. Note the relatively high fat content, although not as
high as in soy bean meal.
The section titled “Succulence” begins: “The June
pasture which forces every cow to her best yield, furnishes a
succulent ration, and for best results from the cows through
the winter, succulent feed must be given.” “Succulent feeds
in winter have two advantages; they are appetizing, which
makes the cow enjoy her feed, and they keep the system in
a healthy condition and the bowels loose.” “If the dairyman
has neither ensilage nor roots, he should combine his feeds
to secure as nearly as possible the right condition of the
bowels. This is hard to do without succulent feeds.” A table
then shows the two basic types of feeds: Loosening feeds
and constipating feeds. The loosening feeds include soy bean
meal, alfalfa, sorghum hay, ensilage, roots, bran, linseed
meal, and gluten meal.
The section titled “One hundred rations” (p. 18-20)
explains: “The figures indicate pounds, each ration is for
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twenty-four hours feed for a cow in full milk.” Soy bean
meal is used in about 1/3 of these 100 rations. “These 100
rations contain nearly equal quantities of milk-producing
food but do not have nearly equal feeding values.” “In using
these rations, the amounts of the different feeds that are
equivalent to each other for milk production are roughly as
follows: Corn fodder 1.0 lb. = prairie hay 6 lb. = sorghum
hay 9 lb. = millet hay 5 lb. Linseed meal (o. p. [old process])
5 lb. = soy bean meal 5 lb. = Chicago gluten meal 4½ lb. =
cottonseed meal 4 lb.”
Page 24: “Ensilage is poor in protein and should be fed
either with alfalfa or feeds like linseed, cottonseed, gluten
and soy bean meals.” Prairie hay “is poor in protein and
needs alfalfa or the heavy meals, as linseed and soy bean, to
balance it for milk production.”
The section titled “Soy bean meal” (p. 26) notes that it
“has about the same composition as linseed meal, and so far
as tested has the same effect on milk production and quality
of butter. The soy bean is one of the best drouth-resisting
[drought-resisting] plants and farmers can raise it and not
have to buy linseed or cottonseed meals.”
We conclude with this remarkable section (p. 33),
“Kindness: Kindness is an efficient aid in increasing milk
yield and costs nothing. The more a milker can make the
cow love him as she loves her calf, the more milk she will
yield to him. Investigations show that it is probable that
a considerable portion of the milk is secreted during the
operation of milking, especially the rich milk which comes
last. Abuse and excitement reduce the secretion and not
only lower the quantity of milk given, but often lower the
percentage of butter fat. Kindness and petting make the cow
contented and put her nervous system in such a condition
that the fullest yield is given. This is not the only cause,
but it is probably a chief cause, of the wide variation in
butter fat sometimes shown in creamery tests.” Address: 1.
M.S., Agriculturist; 2-3. Assistants. All: Farm Department,
Manhattan, Kansas.
241. Farmers’ Voice (The). 1898. Live stock and dairy: Kaffir
corn as pig feed. 13(40):6. Oct. 1.
• Summary: “The Kansas experiment station has been
making extended experiments with Kaffir corn as a fattener
for pigs. They tried it upon pigs nine and one-half weeks old,
seven and one-half months old, and six months old. They
fed it dry and soaked, fed it with maize, with corn meal and
soy bean meal. The conclusion, as set forth in Press Bulletin
No. 7, follows: These experiments show that Kaffir corn
is similar to corn in fattening qualities, but not equal to it.
That if a small quantity of feed rich in protein, as alfalfa,
soy beans or skim milk, is added to the ration of Kaffir
corn, good results are obtained. Kaffir corn has advantages
over corn for many parts of the state as a crop to raise for
fattening pigs.”
“The soy bean is one of the best drought-resisting crops,

and if farmers will raise this crop as well as Kaffir corn or
corn, pigs can he fattened profitably in every part of the
state.”
Note: These experiments with Kaffir corn have been
described several times in Illinois farm magazines. They
show the superiority of using soy bean meal [ground whole
soybeans] as a protein source when feeding hogs.
242. Bretschneider, Emil V. 1898. History of European
botanical discoveries in China. 2 vols. London: Sampson
Low, Marston and Co., Ltd. xv + 1167 p. Indexes (names of
persons, names of plants). 28 cm. 2nd ed. 1935. [200+* ref]
• Summary: This magnificent work has been digitized in full
view on HathiTrust.
Vol. I ends on page 624. Vol. II is on pages 625-1167.
National Union Catalog says Bretschneider’s formal Russian
name is Emilii Vasil’evich Bretshneider (1833-1901).
The soy bean (search for Soja OR hispida OR soy) is
mentioned on 22 pages of this book.
In Vol. 1: On pages 401-03 the author discusses the
life and work of George Bentham, the author of Flora
Hongkongensis.
On pages 403-51 the author discusses the life and work
of Robert Fortune. “The travels and explorations of R.
Fortune in China, beginning with the year 1843, inaugurate
a new era in the history of botanical discoveries in that
country. Previous to that time the Chinese plants known to
our botanists in Europe and introduced into our gardens,
came from Canton or Macao...
“R. Fortune was born in Berwickshire, Scotland, on the
16th of Sept., 1812, and was educated in the parish school
of Edrom... Fortune visited China four times, 1843-45,
1848-51, 1853-56, 1861, and accordingly published four
interesting accounts of his travels in that country.” Fortune
traveled in Japan during 1860, visiting the ports of Nagasaki,
Kanagawa, and Yukuhama [Yokohama] near Yedo. He
visited Yedo for 15 days. In the spring of 1861 he returned
to Japan. His four books are “Three years wandering in the
northern provinces of China” (1847), “A journey to the tea
countries of China” (1852; in which he discusses the soy
bean), “A residence among the Chinese” (1857), and “Yedo
and Peking: A narrative of a journey to the capitals of Japan
and China” (1863).
Pages 536-37 discuss Louis C.N.M. Montigny, who
was born on 2 Aug. 1805 at Hamburg [Germany] of French
parents. He first went to China in 1843, as chancellier
accompanying the French Embassy. In 1847 he was
appointed Consular Agent at Shanghai, where he stayed
until about 1858. He died on 14 Sept. 1868 and his obituary
appeared in the Revue Horticole (1869, p. 52). During
his residence in Shanghai he rendered great services to
natural science and horticulture by introducing into France
interesting beasts and birds, and useful Chinese economic
plants–including Soja hispida and its oil. These plants were
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cultivated a distributed by the Société d’Acclimatation of
Paris.
Page 545 notes that Voisin, a French missionary
who went to China in 1824, obtained from China several
economic plants among which was the textile plant, Ko.
Seeds were presented to the Museum of Natural History in
Paris through Stanislas Julien and the plants raised from
these seeds were examined by Prof. Jussieu, who found that
it was a legume resembling Dolichos bulbosus. It was later
identified as Pueraria.
Pages 554-55 discuss Stanislas Julien the great French
sinologist, who was born in 1797. In 1832 he succeeded A.
Rémusat as Professor of the Chinese language at the Collège
de France. He translated several interesting Chinese treatises
on economic plants, their cultivation and use, generally with
a view to incite his countrymen to introduce these plants into
France. In 1855 he wrote about Soja hispida in the Bulletin
of the Society for Acclimatization (France) (p. 225). He died
in 1873.
Contents: Preface (book includes, in addition to
China proper, Manchuria, Mongolia, Eastern Turkestan,
Tibet, Corea [Korea], and the Liu kiu [Loochoo] and
Bonin [Ogasawara] Islands. Note: The latter are about 30
subtropical islands located about 1,000 miles directly south
of Tokyo, Japan).
Also discusses: azuki beans (Phaseolus radiatus, p.
76, 129), cowpeas (Vigna sinensis, p. 77), hemp (Cannabis
sativa, p. 166, 169. 228, 493, 520. 522-23), kuzu (Pueraria
Thunbergiana, p. 175, 738, 755, 1051), Arachis hypogaea
(groundnuts; peanuts) (p. 231, 233, 451, 663, 844), sesame
(Sesamum orientale, p. 11, 158, 165, 226, 487).
Concerning Prunus mume we read: “Near the entrance
to the pass on the Canton side, Abel [Dr. C. Abel, 18161817] saw a species of Prunus in full flower, in Chinese mei
hwa shoo; hence the name of the mountain. (The mei hwa
is Prunus Mume, S. & Z. [Siebold & Zuccarini]) (184)” (p.
233). See also p. 893.
Note: This is the earliest English-language document
seen (Dec. 2006) that uses the term Prunus mume to refer to
the name of the tree whose fruit is used to make umeboshi
salt plums. Address: Late physician to the Russian Legation
at Peking; now at St. Petersburg.
243. Fruwirth, Carl. 1898. Anbau der Huelsenfruechte
[Cultivation of legumes]. Berlin: Verlagsbuchhandlung
Paul Parey. xii + 274 p. See p. 11-13, 19, 47, 214-19 (Die
Sojabohne), 264, 272-73. Illust. No index. 19 cm. [5 ref.
Ger]
• Summary: Contents: Vernacular names in other countries.
Botanical characteristics. Varieties, types (Varietäten,
Sorten). Natural history. Uses and significance. Demands
placed on the soil and climate (Wärmesumme or “heat
units”). Use of fertilizers. Preparing the soil. Planting and
seed. Harvest and yields. Animal pests. An illustration (p.

215) shows the leaves and buds of a soybean plant (Glycine
hispida).
Concerning varieties and types: In addition to the
yellow-seeded form, soybeans (Sojas) with brown and with
black seeds are also cultivated in Europe, and both likewise
belong to the Soja tumida group. However the distribution
of these latter two is insignificant. Haage and Schmidt, the
seedsmen in Erfurt, Germany, sell a green-seeded form
named Bluish-green Soybean (Blaugrüne Soja). 100 seeds
weigh 8-13 gm. One liter of seeds weighs 712-717 gm.
Individual seeds are 7 to 8.2 mm long, 5 to 5.5 mm wide, and
3.2 to 4 mm high.
Note 1. This is also the earliest document seen (Oct.
2020) that mentions Haage & Schmidt in connection with
soybeans; it states that Haage & Schmidt is selling soybeans.
Soybeans are not listed in the company’s 1899 or 1898
catalogs at the National Agricultural Library (NAL).
Yield: The yield obtained in Hungarian Altenburg was
1,600 to 2,100 liters of seed and 1,300 to 1,600 kg of straw
per hectare. The yield in Bavaria (Bayern), based on many
trials, averaged 2,400 kg/ha of seed. Haberlandt calculated
the yield, based on trial plots with small areas, at 1,685 kg/
ha. The minimum figures for the yields in seeds and straw
can be assumed to be 12 and even 17-30 quintals of seeds
and 12-30 quintals of straw per hectare.
Note 2. 1 quintal = 100 kg.
Harvest: The soybean is harvested like the bush bean
(Buschbohne).
A table (p. 266-73) gives the composition on an as-is
and moisture-free basis of all legumes discussed in this book.
The table of contents lists the German names and the
scientific names of the legumes discussed (p. vi to x): 1.
Die Serradella, Ornithopus sativa. 2. Die Lupine, Lupinus
[lupin]. 3. Die Spargelerbse, Tetragonolobus purpureus [The
asparagus pea]. 4. Die echte Kicher, Cicer arietinum [the
chickpea or garbanzo bean]. 5. Die Futterwicke, Vicia sativa
[common vetch, tare, or vetch].
6. Die Ackerbohne, Vicia faba [broad bean, fava bean].
7. Die Narbonner Wicke, Vicia Narbonensis [purple broad
vetch, Narbon bean]. 8. Die einblütige Erve, Vicia monatha
[single-flowered vetch]. 9. Die Ervilie, Vicia Ervilie [bitter
vetch]. 10. Die Linse, Lens esculenta [Lentil].
11. Die essbare Blatterbse, Lathyrus sativus [grass pea].
12. Die Futterplatterbse, Lathyrus cicera [a type of wild pea;
red pea, flatpod peavine]. 13. Die Ackererbse, Pisum sativum
[the pea, common pea, English pea]. 14. Die Futtererbse,
Pisum arvense [Pisum sativum var. arvense; Austrian winter
pea]. 15. Die Sojabohne, Glycine hispida [the soybean].
16. Die Fisole, Phaseolus vulgaris [the common
bean, string bean, field bean, flageolet bean, French bean,
garden bean, haricot bean, pop bean, or snap bean]. 17.
Die Feuerbohne, Phaseolus multiflorus [scientific name
has changed; a tropical American perennial]. 18. Die
Mungobohne, Phaseolus Mungo [now named Vigna mungo;
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black gram]. 19. Die Limabohne, Phaseolus inamoenus
[unknown; the lima bean or butterbean is Phaseolus lunatus].
20. Die Siévabohne, Phaseolus lunatus [lima bean or butter
bean].
21. Die Kuherbsen [cow peas, now Vigna unguiculata].
Note 3. Karl Fruwirth was born in 1862. Address:
Professor at the Royal Agricultural Academy (an der
Koenigliche Landwirtschaftlichen Akademie), Hohenheim
[Württemberg, Germany].
244. Munson, W.M. 1898. The acquisition of atmospheric
nitrogen. Maine Agricultural Experiment Station, Annual
Report 13:114-40. For the year 1897. [120* ref]
• Summary: Contents: Introduction. Nitrogen accumulating
plants. Nature of the tubercle organisms. Soil inoculation.
Practical applications. A trial of Nitragin.
“Nitrogen accumulating plants: The most important
discovery in vegetable physiology in its relation to
agricultural science, which has been made during the past
generation, is that of the relation between microörganisms
[microorganisms] and the acquisition of atmospheric
nitrogen by plants.” “The results of several hundred
experiments have shown conclusively that many if not all of
the more common species of legumes are capable of using
atmospheric nitrogen. Peas, beans, vetches, clover, alfalfa,
lupine, soja bean, sainfoin, serradella and many other species
have been used in the experiments” (p. 115).
“Practical applications:... The prepared culture, sold as
Nitragin or Germ Fertilizer, is made in Germany and may be
obtained of Victor Koechl & Co., 79 Murray St., New York.
Cultures for pea, clover, vetch and various other legumes are
made.”
Munson tested Nitragin (obtained from the H.W.
Bowker Fertilizer Co.) on various crops, but not on soja
beans. He noted “no appreciable effect from the inoculation.”
He did, however, have good results inoculating soja
beans with tubercles from a previous crop.
“Our experience at the Experiment Station in the
inoculation of soils with specific bacteria has been limited,
but in the case of the soja bean, decided results were
obtained.
“Until the present season [1897] soja beans were never
grown in the station garden, therefore it was safe to assume
that none of the bacteria peculiar to the plant were present in
the soil.
“June 14, a quantity of soja beans was planted in drills
and with the seed a number of tubercles from the previous
year’s crop at the Storrs Experiment Station [Connecticut],
were scattered. In contiguous rows, the same variety of bean
was planted without tubercles. The crop was cut by frost
before maturity so no weights were obtained, but on October
14, the following results were noted:
“1. The plants from the inoculated soil were more stocky
and of a darker color than those from the adjacent rows.

“2. The plants from the inoculated soil bore an abundant
supply of tubercles while the others bore none.
“3. The average height of plants from inoculated soil
was 2 feet 2 inches; from the other plot, 1 foot 11 inches.
“4. The average number of pods per plant from
inoculated soil was 81, from the other plot 74” (p. 129-30).
Contains an excellent review of the literature and
English-language bibliography on research on the acquisition
of atmospheric nitrogen by plants.
Note 1. This is the earliest document seen (March 2021)
that clearly refers to the cultivation of soybeans in Maine.
This document contains the earliest clear date seen for the
cultivation of soybeans in Maine (14 June 1897).
Note 2. This is the earliest document seen (Aug.
2018) that mentions inoculation or the use of a commercial
inoculum (“Nitragin or Germ Fertilizer”) in connection with
soybeans. Address: Orono, Maine.
245. Farm Department. 1899. A new crop for Kansas
farmers. Kansas Agricultural Experiment Station, Press
Bulletin No. 24. Feb. 7. Reprinted in p. 44-46 of Bulletin 86.
• Summary: “The Kansas Experiment Station has been
growing the soy bean for the past ten years, starting with a
small patch, and increasing the area until last year thirty-five
acres were grown. It is a good drouth-resister [droughtresister], is not touched by chinch bugs, and the beans are
richer in protein than linseed meal. With sufficient moisture
to germinate them, a crop can be grown after wheat and oats
are harvested. In 1896 the yield on ground after wheat was
8 bushels per acre; in 1898 6¼ bushels. With linseed meal at
$25 per ton, these crops after wheat would be worth $6 and
$4.68 per acre. When planted earlier in the season, the yield
of soy beans is from 10 to 20 bushels per acre. The soy bean
not only furnishes a crop rich in protein, but at the same time
enriches the soil. Henry Rogler, one of our graduates, reports
an increase in large fields of 5 bushels of wheat per acre on
land where soy beans had previously been grown, over land
that had not been in soy beans.”
Then discusses the successful use of one part soy bean
meal [probably ground whole soybeans] with two parts
corn meal in pig feeds, the techniques for planting, soybean
cultivation, cutting, and threshing. “The ground should be in
good tilth, and the weeds thoroly killed just before planting.
Plant in drills, the rows 32 to 42 inches apart, dropping seeds
2 inches apart in the row. One-half bushel of seed per acre
is required. Cultivate as for corn, using small shovels on the
cultivator, and being careful not to ridge the ground. When
pods turn brown, cut either with a self-rake reaper or with
a common cultivator rigged up with two horizontal knives
bolted to the inner shanks. Put the stalks in cocks, where
they should be kept until cured [to make hay]. Thresh with
a common threshing-machine. Run slowly and use all blank
concaves. The beans may be fed whole or ground.
“We believe the soy bean is worthy of a trial in all
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parts of this state, and that the trial should not be made on
less than an acre; five acres would be better. Hundreds of
people have tried planting a quart of seed, with the result that
grasshoppers and rabbits harvested these small patches.”
Note: This is the earliest document seen (Dec. 2018)
in which chinch bugs are mentioned in connection with soy
beans. Address: Manhattan, Kansas.
246. Ranch and Range (Yakima, Washington). 1899. The soy
bean. March 2. p. 5.
• Summary: “In response to inquiry from correspondents we
have secured the following information regarding the soy
bean from the Kansas Experiment Station, where it has been
tested during the past year.
“It is a good drought-resister, is not touched by chinch
bugs, and the beans are richer in protein than linseed meal.
With sufficient moisture to germinate them, a crop can be
grown after wheat and oats are harvested. In 1896 the yield
on ground after wheat was 8 bushels per acre, in 1898 6¼
bushels. With linseed meal at $25 per ton, these crops after
wheat would be worth $6 and $4.68 per acre. When planted
earlier in the season, the yield of soy beans is from 10 to
20 bushels per acre. The soy bean not only furnishes a crop
rich in protein, but at the same time enriches the soil. Henry
Rogier, one of our graduates, reports an increase in large
fields of five bushels of wheat per acre on land where soy
beans had previously been grown, over land that had not
been in soy beans.
“With dairy cows, soy bean meal takes the place of
linseed meal, being somewhat richer in protein, a laxative
feed, and softening the butter fat. Not over three pounds per
day should be fed to a cow, and the softening effect on the
butter may be overcome by giving feeds having the opposite
tendency.
“In the winter of 1898, in fattening 7½-months-old pigs,
the gains per bushel of feed were:
“Kaffir corn meal, 11.7 lbs.
“Shelled corn, 12.3 lbs.
“Kaffir corn meal four-fifths, soy bean meal one-fifth,
13.9 lbs.
“With pigs 6 months old the gains per bushel of feed
were:
“Kaffir corn meal, 9.4 lbs.
“Shelled corn, 11.2 lbs.
“Kaffir corn meal four-fifths, soy bean meal one-fifth,
13.2 lbs.
“With both lots the pigs having soy bean meal made the
most rapid growth and were ready for market much earlier.”
Note: This summary of Kansas Experiment Station tests
continues for one more newspaper column.
247. Dallas Morning News (Texas). 1899. A point in
diversification. March 3. p. 6, cols. 3-4.
• Summary: “Under the head, ‘A New Crop for Farmers,’

the Iowa State Register lays before its agricultural readers
some facts brought out at the Kansas state experiment station
concerning the soy bean. There is evidently something in
the bean for Texas farmers. The Kansas experiment station
has been growing the soy bean for the past ten years and,
starting with a small patch, the area has been increased each
year until now the tract of land devoted to this crop includes
thirty-five acres. The experiment station tried the bean in
fattening swine, using it as a meal mixed with Kaffir corn,
and the results are very satisfactory. In a bulletin just issued
by the station the experiment is described as follows:
In the winter of 1898, in fattening 7½-months-old pigs,
the gains per bushel of feed were:
“Kaffir corn meal, 11.7 lbs.
“Shelled corn, 12.3 lbs.
“Kaffir corn meal four-fifths, soy bean meal one-fifth,
13.9 lbs.
“With pigs 6 months old the gains per bushel of feed
were:
“Kaffir corn meal, 9.4 lbs.
“Shelled corn, 11.2 lbs.
“Kaffir corn meal four-fifths, soy bean meal one-fifth,
13.2 lbs.
“The pigs fed on mixed corn and soy bean meal made
the most rapid growth and were ready for market earlier.
With weaning pigs the result of the same feeding was, the
bulletin reports:
“Kaffir corn meal, 10.4 lbs.
“Corn meal, 11.5 lbs.
“Kaffir corn meal two-thirds, soy bean meal one-third,
15.4 lbs.
“Corn meal two-thirds, soy bean meal one-third, 15.6
lbs.
“The bulletin further reports as follows:
“In the fall of 1898 this station bought of farmers sixty
ordinary stock hogs of mixed breeding. The gains per bushel
of feed in fattening these hogs were:
“Kaffir corn meal, 7.5 lbs.
“Kaffir corn meal four-fifths, soy bean meal one-fifth,
12.9 lbs.
“The hogs fattened with soy bean meal have just been
marketed, while those not having it will not be ready for four
or five weeks.
“It is claimed after thorough tests that the soy bean is
a good drought-resister, is not touched by the chinch-bugs,
the beans are richer in protein than linseed meal, and with
sufficient moisture to germinate them, a crop can be grown
after wheat and oats are harvested. In 1896, the yield on
ground after wheat was from six to eight bushels per acre,
and when planted early in the season the yield is ten to
twenty bushels per acre. This soy bean not only furnishes a
vegetable crop for feeding and fattening stock, but it enriches
the soil, and the Kansas station reports an increase in large
wheat fields of five bushels per acre in the yield where the
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soy beans have been grown on the land before the wheat was
put in. The Kansas experiment station bulletin in speaking
further of this bean says:
“The soy bean is an erect-growing plant, one and a
half to three and a half feet in height, with stiff stem having
branches thickly covered with pods. Cold weather hinders
its growth, and for this reason it is not best to plant until the
middle of May; and if the rainfall is sufficient a planting
may be made as late as July 1. The ground should be in good
tilth, and the weeds thoroughly killed just before planting.
Plant in drills, the rows thirty-two to forty-two inches apart,
dropping seeds two inches apart in the row. One-half bushel
of seed per acre is required. Cultivate as for corn, using small
shovels on the cultivator, and being careful not to ridge the
ground. When the pods turn brown, cut either with a selfrake reaper or with a common cultivator rigged up with two
horizontal knives bolted to the inner shanks. Put the stalks
in cocks, where they should be kept until cured. Thrash with
a common thrashing machine. Run slowly and use all blank
concaves. The beans may be fed whole or ground [raw].
“It will be noted that the bean does best in a warm
climate. It does not appear that the raising and gathering
of the crop is any more expensive than for other ordinary
crops. Texas farmers may find in the soy bean something
to encourage them in increasing the fruits and benefits of
diversification.”
248. Sedan Lance (Sedan, Kansas). 1899. A new crop for
Kansas farmers. March 9. p. 2.
• Summary: This is another summary of a report just issued
by the Kansas Experiment Station. It begins: “The Kansas
Experiment Station has been growing the soy bean for the
past ten years, starting with a small patch and increasing the
area until last year 35 acres were grown. It is a good drouth
[drought] resister, is not touched by chinch bugs, and the
beans are richer in protein than linseed meal. With sufficient
moisture to germinate them a crop can be grown after wheat
and oats are harvested. In 1896 the yield on ground...”
249. Lewiston Daily Sun (Maine). 1899. For the farmer:
Points on early vegetables... March 14. p. 3.
• Summary: The section titled “Soy beans” begins: “The
Kansas experiment station has been growing the soy bean for
the past ten years, starting with a small patch and increasing
the area until last year 35 acres were grown. It is a good
drought resister, is not touched by chinch bugs, and the beans
are richer in protein than linseed meal...”
“The soy bean not only furnishes a crop rich in protein,
but at the same time enriches the soil.”
250. Quad-City Times (Davenport, Iowa). 1899. Soy beans.
March 21. p. 2.
• Summary: “The Kansas experiment station has been
growing the soy bean for the past ten years starting with a

small patch and increasing the area until last year 35 acres
were grown. It is a good drought resister, is not touched by
chinch bugs, and the beans are richer in protein than linseed
meal. With sufficient moisture to germinate them a crop can
be grown after wheat and oats are harvested. In 1896 the
yield on ground after wheat was eight bushels per acre; in
1898, 6¼ bushels. With linseed meal at $25 per ton these
crops after wheat would be worth $76 and $4.68 per acre.
When planted earlier in the season, the yield of soy beans
is from 10 to 20 bushels per acre. The soy bean not only
furnishes a crop rich in protein, but at the same time enriches
the soil.”
251. Morris, Robert C. 1899. The soy bean and the cow pea
(Letter to the editor). Indiana Farmer 54(16):1898-99. April
22.
• Summary: Contents: Introduction. Yield of seed. Yield for
silo. Yield of hay. Yield of fodder. Pasture. Some feeding
results. Feeding the soil.
The letter begins: “Soy beans and cow peas will work
a complete revolution upon fifty per cent. of our American
farms; upon thirty per cent. a very marked change, but alas
twenty per cent. of our farmers are anchored in the gulf of
despair. Many times repeated tests show us that the soy bean
will put as much fertilizing matter into our soil as clover
and, like clover, will draw most of it from the air, but will
accomplish this result in four months. The soy bean and
cow peas are summer growing plants but clover must take
the risk of two winters. While these plants are filling the soil
with fertilizing matter they are making a seed crop at the
same time that the Massachusetts Experiment Station says ‘is
probably the richest vegetable matter we grow.’”
“The venerable and practical agriculturist and teacher,
Hon. Richard V. Gaines of Virginia, writes me, ‘I have
planted soy beans now for fourteen years and have had
fourteen full crops. By the use of soy beans, planted in the
corn when it is laid by, I have been able to double the profit
on my acreage of corn without materially increasing the
cost per acre. The soy bean is capable of taking care of itself
against floods, frost, drowth [drought] and weeds.’”
Davis Bros. of Wayne county, Illinois, W.J. Fox of
Guernsey county, Ohio, and E. Beebee of Richland county,
Illinois, have all gotten good results growing corn and
soybeans for the silo.
The writer’s “own experience takes in six years,
covering both extremes of wet and dry weather, and we have
had six full crops. We have had but few reports of failures,
all traceable to some fault of planting or neglect.”
“Yield of seed. Mr. James Bellwood, of Virginia, says,
“I have thrashed over 100 bushels of soy beans from one
acre of rich bottom land.” Hon. N.D. Thurmond, of Missouri,
selected a plot and harvested the seed. He found the yield
to be at the rate of 80 bushels per acre. Mr. B.F. Carper of
Illinois, raised on half an acre 25 bushels of dwarf soy beans.
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The finest single plant we ever saw had on it 461 pods that
would average two beans to a pod. A conservative estimate
for light, thin soil will be 10 to 25 bushels; on land that will
make 50 bushels of corn, a fair yield would be from 25 to 50
bushels.”
“Yield of hay: With a new, high priced seed it is difficult
to get reports of hay; every one wants a seed crop.
George A. Duncan of Lawrence county, Illinois, reports:
“The soy bean is a great success for pasture. They are up off
the ground and stock do not trample them. Stock did as well
on them as on clover and they are at their best when pasture
is scarce.”
Many farmers have conducted their own feeding
experiments using soy beans with good results; they include:
Hon. J. Edwin Black of Lawrence county, Illinois (sheep)
and S.C. Wilson of Olney, Illinois (ewes and lambs). Mrs. S.
Rose Carr of Lis, Illinois, writes: “My chickens had access to
soy beans and cow peas last fall, 1898, and it was surprising
how quickly the biddies [young chickens] slipped into their
winter wraps. They began laying two weeks earlier than
usual and kept it up all during the cold weather. Their house
was warm and they had soy beans instead of corn... I have
never had as high an average of eggs.”
Coburn, in his book on hog raising and feeding says:
“Soy beans are the best hog feed we know of, making the
firmest and fattest pork.”
“Feeding the soil: Poverty forbids the thought of
buying manures; we farmer’s keep so little stock we cannot
make much and fertilizers are out of our reach. A system
of exhaustive farming has brought us to ‘where we are at.’
Grain raising and selling our crops has resulted in farmers
shipping tons of nitrogen, phosphoric acid and potash off in
their wheat, oats, corn and grass.”
“Cotton seed meal and [linseed] oil meal cost about
$22.50 per ton. Now when the farmer can raise on his own
farm the equivalent of either and put it into his barns for less
than $2.50 a ton, thus saving $20 to add to the profit account
of his feeding, and while he is raising it the bean and pea will
be gathering from $10 to $25 worth of nitrogen per acre from
the air and storing it in his soil for next year’s crops, why
does he not do it?
“Soy beans and cow peas will leave more fertilizing
material in the soil than the succeeding crop will take
up; thus they justify the terms ‘soil renovating’ and ‘soil
building’ plants.”
For soy beans: “The necessity of procuring seed grown
as far north as possible is strongly urged. Medium soy beans
of north grown seed will ripen (except in the northern tiers
of counties, in years of early frost) in the states of Kansas,
Iowa, Missouri, Illinois, Indiana, Ohio and New York, south
part of it, and all the south. The dwarf soy bean will ripen
any where corn will get ripe. There is an extra early soy bean
that will ripen any where wheat will mature seed.”
After a paragraph on planting time and rate of seeding,

the article closes as follows, suggesting that the writer is
selling soy bean seeds: “With each shipment of seed will
be sent a circular giving in detail everything relating to
the growing and feeding of these crops.” Address: Olney,
Illinois.
252. Los Angeles Times. 1899. New crop for Kansas farmers.
May 1. p. 5.
• Summary: From Fruitman’s Guide: “The Kansas
Experiment Station has been growing the soy bean for the
past ten years, starting with a small patch, and increasing the
area until last year thirty-five acres were grown. It is a good
drought resister, is not touched by cinch bugs [sic, chinch
bugs], and the beans are richer in protein than linseed meal.
With sufficient moisture to germinate them, a crop can be
grown after wheat and oats are harvested.” It also enriches
the soil so that subsequent crops of wheat grown on the same
land give increased yields of about 5 bushels/acre.
“With dairy cows, soy beans take the place of linseed
meal,... a laxative feed and softening the butter fat. Not over
3 pounds per day should be fed to a cow.” “The hogs fattened
with soy bean meal have just been marketed.” Describes how
to cultivate and harvest the soy bean.
Note: “Soy bean meal,” mentioned frequently, probably
refers to ground whole soy beans.
253. Heuzé, Gustave. 1899. Les plantes alimentaires des
pays chauds et des colonies. 2 ed. [Edible plants of the
tropics and colonies. 2nd ed.]. Paris: Librairie Agricole de la
Maison Rustique. xii + 381 p. See p. 174-78. 19 cm. Series:
Cours d’Agriculture Pratique. [Fre]
• Summary: The soybean is referred to in French as “Dolic
du Japon ou soja.” An illustration (non-original, p. 175; by
Thiebault, from Carrière 1880) shows the soybean plant
(titled Dolic du Japon ou soja) and a cluster of pods. Its
scientific names are Soja japonica, Sav. or Soja hispida,
Moench. Synonyms are Dolic soja, and Dolic à café. A
botanical description is given. “Varieties which are most
widely cultivated are the yellow soybean (le soja jaune;
Soja ochroleuca) and the black soybean (le soja noir;
Soja hispida). A sub-race named soja d’Étampes is the
most widely appreciated in France. It is very productive
but it needs 4-5 months to ripen its seeds. The soybean is
an annual; it was introduced to France from China by de
Montigny under the name pois olèagineux. It is successfully
cultivated in China, Japan, the Indies, the Moluccas, etc. It
is rather easily sold in the green state at various markets.
Its principal merit is its ability to resist drought. It needs as
much heat as haricots...
“The Japanese transform the seeds of this legume into a
puree (tofu; ten-hu) or a paste (miso) with which they make
a sauce (soja), which they use to prepare various seasonings
named shoyu or sooju and tofu or daïzu.
“Soybean seeds germinate very irregularly and very
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late in Europe, especially in their second year of existence.
An analysis of the soybean seed on a moisture-free basis,
conducted by Mr. Joulie, is given.
“The soybean is richer than wheat in fatty and
proteinaceous materials. When one prepares dry soybeans,
it is useful to soak them in water for 8-10 hours before
cooking, for they are naturally very hard. They are also eaten
in the shelled green state.
“The varieties with branches [les variétés à rames]
are not yet cultivated in Europe.” Gustave Heuzé lived
1816-1907. Address: Membre de la Société Nationale
d’Agriculture. Inspecteur Générale Honoraire de
l’Agriculture.
254. Itô, Tokutaro; Matsumura, Jinzô. 1899. Tentamen
florae Lutchuensis. Sectio prima. Plantae Dicotyledoneae
polypetalae [Essay on the flora of the Ryukyu Islands.
Section 1. Dicotyledonous multi-petaled plants]. J. of the
College of Science, Univ. of Tokyo 12:263-541. See p. 420.
[30 ref. Lat; eng]
• Summary: In the section titled “Leguminosæ,” by J.
Matsumura, descriptions of the following plants are given
in Latin: Glycine hispida (p. 420). Glycine hispida (p. 420).
Pueraria thunbergiana (p. 426). Phaseolus radiatus L. var.
typica (p. 427–Azuki is not mentioned).
Note: The Ryukyu Islands were formerly called
the Loochoo Islands. This is an unfinished systematic
enumeration with citations, notes, and few descriptions, but
without keys. Address: 1. Societatis Linnæanæ, Londeniensis
Socius; 2. Dr., in Universitate imperiali Tokyoensi botanices
Professor [Tokyo, Japan].
255. Killebrew, Joseph B. 1899. Grasses and forage plants.
Tennessee Agricultural Experiment Station, Bulletin 11(24):1-144. See p. 47, 51, 73, 108-11.
• Summary: Staff: Charles W. Dabney is president of the
station. The author, Col. J.W. Killebrew, A.M., Ph.D., is
“probably the greatest authority in the South upon the culture
and uses of grasses and forage plants.”
Page 47: The section on “Sorghum for the silo” states:
“When it is grown in conjunction with cowpeas or soy beans
it gives a much more nutritious ensilage than corn taken by
itself.”
Page 51: The last two lines on this page about “Indian
Corn (Zea Mays)–(For forage)” state: “Corn fodder, green,
is also an excellent material for ensilage, especially when
grown with cowpeas, oats and soy beans.”
Page 73: This page, titled “Part II. Domesticated
leguminous plants” notes that “Clover should alternate
with cowpeas, soy beans, crimson clover, etc. Nitrogen, in
leguminous plants, occurs in the form of proteids, which
make meat and milk, and so is the most valuable constituent
in the food for cattle, especially for milch cows.” Also, in a
list of domesticated leguminous plants that will be discussed

in the order named in this bulletin, on the 2nd line from the
bottom is: “Soy Bean–Glycine soja or Soja hispida.”
The section on the soy bean (p. 108-11) is titled “Soy
bean–coffee bean–soja bean–(Glycine hispida)–(Forage,
Ensilage and pasture).”
Note: This is the earliest document seen (Jan. 2011) that
contains the term “coffee bean” used to refer to the soy bean
in connection with soy coffee.
“This plant has recently been introduced into cultivation
in the United States, though it has been known in China and
Japan from a remote antiquity. It is one of the crops grown
for human food in oriental countries. It yields a large amount
of seed while the forage, both green and dry, is capable of
sustaining and even fattening domestic animals. Experiments
that have been tried in Tennessee in its culture have been
fairly successful.
“The soy bean is an annual, belongs to the leguminous
family, and is grown for the same purposes as cowpeas and
clover. As a soil renovator, as a hay and as ensilage it is
nearly the equal in every respect of red clover.
“There are many varieties of the soy bean. The early
varieties are thought to be the best to cultivate for seed. The
medium early green is the best for hay and this with the
medium early black is best for soiling and for ensilage... It
will bear moisture well and a case is given by Mr. Robert
C. Morris, of Illinois, where soy beans stood three weeks
in water during the month of July without any permanent
injury.”
“The yield of the soy bean is very prolific, running from
25 to 40 bushels per acre and even 100 bushels have been
reported under very favorable conditions...
“Probably the best use which can be made of the soy
bean in the South is for the fattening of hogs. When so
used the labor and expense of harvesting is saved...” There
follows a long quotation by Prof. Georgeson of the Kansas
[Agric. Exp.] Station on the value of soy beans for pork
production.
“The farmers of Tennessee would do well to test the
value of this bean practically on all different varieties of
soils. It would unquestionably be a valuable addition to the
crops of the Cumberland table-land. It would be valuable in
the sandy soils of West Tennessee but it would grow with the
greatest luxuriance upon the valley lands of East Tennessee
and upon the limestone soils of the Central Basin and the
clayey lands of the Highland Rim.”
Note: Limestone is one of the most useful zoogenic
deposits. Also used as a common building stone, it is formed
chiefly by the accumulation of organic remains such as
shells or coral. A photo (p. 109) shows a stand of soy beans
growing near some corn plants (courtesy U.S. Dept. Agric–
USDA). Address: A.M., Ph. D., Grass expert, Agric. Exp.
Station, Knoxville, Tennessee.
256. Owsinski, Jan. 1899. Soja wczesna, Soja hispida
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praecox [Early soybean (Soja hispida praecox)]. Warsaw,
Poland: Published by the author. 21 p. or 16 p. 20 cm or 10
cm. [Pol]
• Summary: Note: In OCLC/WorldCat the booklet is
cited just as it is above. The author’s name is spelled “Jan
Owsinski,” which is the Polish version of his name. The
book is actually published by the author in Lwow (Lviv in
today’s Ukraine), but cataloging records state: Gubrynowicz
and Schmidt, joint venture publishing house, in small octavo,
16 pages, 10 cm. This is a very small book (about 4 inches
tall), intended to be sent out free of charge with the soybeans
that the author is selling.
The author apparently did two editions, both in 1899.
One was 21 pages and 20 cm tall. The smaller one was 16
pages and 10 cm tall. The author’s name in Russian is Ivan
Evgen’evic Ovsinskij.
Here is the translation from Russian into English:
The early soybean (soya), which we brought from Asia
in 1893 and naturalized in Europe, was put on the market
in 1899 by the Hetmanov Estate. Our soybean spread to all
the grain-producing provinces in Russia and abroad, and
this year the Vilmorin Catalogue listed our soybean as a
very valuable novelty. Vilmorin called our soybean early
maturing: extra-hatif.
Our soybean also spread to Austria, Germany, Romania,
etc. In Russia, after the experiments of Mr. Chechot, who
obtained early soybean seeds from us, our soybean spread to
the Northwest krai, the provinces of Mogilev, Minsk [both in
today’s Belarus], Vilensk [partially in Ukraine], Chernigov,

and others, the Southwest krai, to the lands of the Don,
Urals, and Kuban Cossacks, to the Caucasus [an area situated
today between the Black Sea and the Caspian Sea and mainly
occupied by Armenia, Azerbaijan, Georgia, and Russia]. and
Crimea [disputed today between Russia and Ukraine], to the
province of Congress Poland, and to some oblasts in Siberia.
The soybean can withstand -2 R [Rankine scale] below
zero and is highly drought resistant.
The soybean has three times the nutritional value of oats
and is twice as productive, enriches the soil with nitrogen,
and is not only superior to cereal plants (gramineax), but is
also immeasurably higher than all the papilionaceous plants
related to it (papillionaceae).
One hectare yielded the
following harvest (table):
Soybean: 2500 kg grain
and 7500 kg straw
Horse bean: 2000 kg
grain and 3400 kg straw
Pea: 1920 kg grain and
2500 kg straw
With respect to the
protein and fat content of
soybeans and other beans,
as a consequence of the
higher nutritional value of
the soybean we will obtain
the following numbers: One
hectare yields (table):
Pea: Units 454 [units
not given] proteins, 40 fats,
196.40 marks–cost of harvest.
Horse bean: 689
proteins, 34 fats, 319.02
marks [he may be quoting
international grain prices].
Soybean: 985 proteins,
366 fats, 631.02 marks
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Moreover, the soybean is not damaged by the pea beetle
Bruchus pisi, as is the pea.
In China, each year in the spring at the so-called
agricultural holiday, the Chinese emperor does not personally
till and sow all grains, of course, but the five most important.
Among this number the soybean is on a par with wheat and
rice.
The Chinese know full well that the existence of the
mass of people we encounter in China would be unthinkable
without the soybean. Slivers of land sewn with soybean feed
all of a Chinaman’s livestock and provide him with oil and
seasonings for food. A desyatina [1 desyatina = 2.7 acres or
about 1 hectare] of soybean yields as many nutrients as fivesix desyatinas of oats. It is therefore understandable that a
farmer raising oats and barley experiences crowding on the
same plot of land that, if planted with soybeans, would feed
more than one Chinese family.
At the 1873 Vienna Fair, 20 varieties of soybean from
Algeria, China and Japan were exhibited. However, these
varieties, brought from the south, matured late. As a result,
the soybean crop could not spread even to the environs
of Vienna (not to mention to other localities), where Prof.
Haberlandt’s experiments did not produce positive results.
However, soybean cultivation became possible among
us in 1893, when we found in Asia and then naturalized new,
early, very high-yielding soybean varieties that do well under
our conditions.
We brought two soybean varieties from Asia and
naturalized them:
1. Black Early, which matures in 110 days in the
Southwest krai and in 118 days in Grodno province;
2. Brown, which matures in 100 days in the Southwest
krai and in 110 days in Grodno province.
Our soybean was cultivated very carefully in
Hetmanovka in 1898, and the result exceeded every
expectation. On 19 July 1898, students from the NovoAleksandrovsky Institute, A. A. Savostyanov and B. D.
Brutskus, visited the Hetmanovka farm. On inspecting the
soybean plantings, they counted 133 large pods (small ones
were not counted) on one of the first specimens that came
into their hands. Then specimens bearing about 200 pods
were found. Since soybean pods ordinarily contain 3 beans,
the harvest that year was 400-500 sam [sam refers to the ratio
of beans harvested to beans planted]. Mr. Chechot believes
that in poor soils it yields a harvest 18 sam; in average oils,
50 sam.
Our soybean contains 38% protein and 19% fat.
Soybean straw contains 3.4% protein and 1.5% fat. It
can be fed to cattle and is also an excellent fuel.
A table compares the protein and fat content of three
basic crops:
Winter wheat: 0.8% protein, 0.4% fat
Spring straw: 1.4% protein, 0.6% fat
Soybean meal (Soyevye zhmykhi): 40% protein, 7% fat

Soybean can be fed ground, but it is more advantageous
to press the oil out of the soybean and use the meal as fodder.
In brief, our soybean offers the following advantages:
1. Soybean, especially black early [Black Early], has a
higher yield than other plants.
2. Soybean has greater food value than other plants, both
papilionaceous plants [legumes] and cereals.
3. Soybean contains no harmful alkaloids as do lupine,
hemp, etc.
4. Like all papilionaceous plants, soybean enriches the
soil with nitrogen and provides excellent shade with its broad
leaves.
5. Soybean is not destroyed by insects, as is rape, and is
resistant to parasitic fungi.
6. Because of its high yield and high food value,
soybean from one desyatina can produce as much grain as
5-6 desyatinas of oats or barley.
7. Soybean withstands both cold and droughts; the latter
pertains especially to black soybean.
8. Soybean, as a papilionaceous plant, provides an
opportunity to engage in more environmentally correct
farming, facilitating the introduction of crop rotation.
9. Soybean affords the ability to transport large amounts
of fodder in a small space. One rail car of soybean is equal in
nutritional value to 3-4 rail cars of oats, barley, or corn.
10. Soybean is far more beneficial in beet plantings that
are cereal grains, both from the standpoint of proper crop
rotation and of preventing nematode reproduction.
11. Soybean is superior to other oilseed plants in that it
does not require rich, fertilized soil.
12. Soybean produces excellent fodder not only in grain
form. Green soybean fodder is more nutritious than alfalfa.
At harvest, black soybean does not shed as does rape, for
example. No bloating, as happens with clover or alfalfa, has
been reported when animals are fed green soybean.
13. Planting one desyatina with soybean requires only
1-3/4 to 2 poods [1 pood = 16.38 kg] of seed when it is
planted in rows and 2½ to 3 when broadcast. As a result, it is
cheaper to plant soybean than other grains.
14. No plant produces as much excellent meal (which is
superior not only to cereals, rape, and even flax) as soybean
does. We should treasure this plant as much as the ancient
agrarian peoples of Asia value it on the basis of centuries of
experience.
From a report from A. E. Mangalov, captain of the
Cossack Army:
“After our forces occupied the Kwantung peninsula,
our Verkhneudinsk regiment was posted in Port Arthur,
Talienval, and Bindzo village, where we were forced to
acquire feed for the horses from the locals, for whom
soybean meal and green bristle grass (a kind of millet) are
the only fodder for the local livestock. Over my two-month
stay I was convinced that one could wish for nothing better
than soybean meal as horse feed. Because of the meager
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supply of oats, the horses were switched to soybean rations
in the following way: for the first three days the horses each
got 10 pounds of a mix of 3 pounds of soybean meal and
7 pounds of oats; then for three days, 7 pounds of soybean
meal and three pounds of oats; finally they were given 10
pounds of soybean meal per day. In addition to soybean
meal the horses got millet straw, which, however, they ate
with no particular relish; the horses ate the [soybean] meal
voraciously.”
Translated by Kathy Stackhouse.
Note: This is the earliest document seen (Nov. 2020) that
mentions the Brown soybean. A soybean variety by that same
name was first introduced to the USA in 1908.
257. Trabut, Louis. 1899. Rapport à M. le Gouverneur
Général sur les études de botanique agricole entreprises
en 1898 [Report to the Governor General on studies in
agricultural botany undertaken in 1898]. Algerie, Service
Botanique, Informations Agricoles. Bulletin No. 19. 83 p.
See p. 18-19. [1 ref. Fre]
• Summary: “Soya (le Soja) remains a very useful legume
in Algeria. Green soybean forage fed to dairy cows greatly
increases their production of milk. Since the cultures of
a special bacteria for the roots of the soybean have been
distributed and propagated, all the stands cultivated at the
station now have numerous and large nodules on their roots.”
A long quote by Zardeski (apparently from Algeria),
titled “Bou-Medfa.–Haouch Morad propriété Arthus,” is
included. It states: “Soybean seeds have been planted on
May 15; on irrigated soil, they have given an extraordinary
yield, larger than could be expected from any other variety
of beans or peas. The harvest of seeds that we are going to
obtain will allow us to try animal feeding experiments next
year. The enormous yield of the soybean, of both leaves and
seeds, leads us to predict that, in our region, this plant will
be able to become one of the most important elements in
the feeding of animals. We served soybeans boiled in salted
water to Arabs who come here. This food was unanimously
well accepted, so in the future we intend to include it in the
diet of our indigenous servants.”
An illustration (non-original line drawing; p. 19) shows
a mature soybean plant bearing many pods, plus a close-up
of three pods to the lower right of the plant (from an original
in J.R.F. 1882). To the lower left of the plant is written the
fraction 1/10. Address: Director of the Botanical Service,
Algiers, Algeria.
258. Junction City Republican (Junction City, Kansas). 1900.
A new drought resisting crop. March 23. p. 2, col. 3.
• Summary: “The Kansas Experiment station has raised soy
beans for the past 11 years [i.e., since about 1890], having
70 acres planted in this crop in 1899. They find the soy bean
to stand the drought as well as sorghum or Kaffir-corn, it is
not touched by chinch bugs, the grain is a richer feed than

linseed meal and the plant enriches the soil on which it is
grown. Every farmer who reads this paper should plant a
few acres this spring. Write today to the Kansas experiment
station, Manhattan, Kansas, for Bulletin No. 92, which gives
full information in regard to planting, cultivating, harvesting
and feeding soy beans. This bulletin is sent free to all
residents of Kansas who will write for it.”
Note: The date of this article is given incorrectly by
www.newspapers.com in its metadata as 23 March 1882. The
correct date given on the newspaper’s title page in 23 March
1900.
259. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1900. A new
drought-resisting crop–Soy beans. Kansas Agricultural
Experiment Station, Bulletin No. 92. p. 19-28. March.
• Summary: Contents: Introduction. Description of the soy
bean. Variety to plant. Planting. Cultivating. Harvesting.
Yield. Feeding value: Steers, dairy cows, calves, cattle, hogs
and pigs, pasture for hogs, hay. Cost of production. Faults
of the soy bean. Fertilizing value (“it improves the soil on
which it is grown”). Will it pay for the Kansas farmer to raise
soy beans? Obtaining the seed.
“The Kansas Experiment Station began raising soybeans
in 1889 and has raised them every year since–in 1889
having 70 acres in this crop. We have found the soy bean
to stand the drought as well as Kaffir-corn or sorghum; it is
not touched by chinch-bugs; the grain is a richer feed than
linseed meal, and the plant enriches the soil on which it is
grown. We believe that in 1900 the soy bean should be tried
on a small scale by every Kansas farmer...
“The soy bean was brought [to Kansas] from Japan,
where it is extensively cultivated for human food, taking the
place of beef on account of its richness in protein. Because of
its peculiar flavor but few Americans like it.
“Variety to plant: Kansas farmers should plant the
Early Yellow soy bean. The Kansas Experiment Station has
tried many other varieties, and the Early Yellow is the only
sort that we have found that is satisfactory under Kansas
conditions. Other kinds either yield too little or the crop
does not mature during our season. In the spring of 1899
we issued a press bulletin describing the merits of the soy
bean and recommending the farmers to give the crop a trial.
The College had no seed for sale and farmers ordered from
the seed men, simply writing for soy beans. As long as the
supply of Early Yellow soy lasted orders were filled with it,
and the crops are reported satisfactory. After this supply was
exhausted the seed men filled the orders with the Late Yellow
soy, a variety that matures in Georgia and Alabama. Kansas
farmers who planted the seed of this late variety report that
but a small portion of the crop matured, the rest being killed
by frost. Early Yellow soy beans planted May 12, 1899, were
harvested August 23; planted after wheat, July 14, 1989,
were ripe October 9.”
“The beans should be planted in rows 30 to 42 inches
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apart, with the single beans dropped 1 to 2 inches apart in
the rows. One-half bushel of seed per acre is required. The
ground should be in good tilth, and the weeds thoroughly
killed just before the beans are planted... We cultivate the
same as corn, using the two-horse cultivator with small
shovels and taking great care not to ridge the ground...
Where more than 10 acres of soy beans are grown, it will
pay to harvest them with a regular bean harvester... As
soon as cut, the beans should be raked into windrows and
immediately shocked, and left to cure in the cocks. The
thrashing may be done with the ordinary grain thrasher, using
all blank concaves, and running the machine slow enough to
prevent cracking the beans... Farmers with better ground than
ours report a yield of 20 bushels per acre, using our seed.”
Five experiments were conducted feeding ground
soybeans (14.4% fat) to hogs: “These experiments show that
when soy beans are fed with corn or Kafir-corn for fattening
hogs a saving was made in the amount of feed needed to
make 100 pounds of gain of 13, 24, 31, 33, and 37 per
cent., the amount varying in different experiments. Can the
Kansas farmer afford to go without the soy bean and lose
this saving?” (p. 25). Soy beans also make a pasture that is
greatly relished by hogs.
Cost of production (p. 26): When grown on a large
scale in Kansas, with ordinary prices for farm labor, it costs
about 40 cents a bushel to raise soy beans. “This includes all
expenses from preparing the ground for planting to storing
the thrashed beans in the bin, but does not include rent.
“During the summer of 1899 we kept an account of the
cost of raising soy beans on fields containing a total area of
sixty acres. Labor cost $1.25 per day for a man and $2.50 per
day for a man and team. The cost per acre was: Preparation
of land, $1.35; planting, 30 cents; cultivating, $2; hoeing, 70
cents; harvesting, $1.40; thrashing, $2.57; total, $8.32. The
yield of the 60 acres was 932 bushels, making the total cost
per bushel nearly 54 cents.” Kansas dairymen, hog raisers,
and stockmen should all raise soy beans.
“Obtaining the seed: Most seed men sell soy beans,
listing them as soy beans, soja beans, or coffee beans. The
following farmers report having raised soy beans in large
quantities in 1899: Hon. Geo. M. Munger, Eureka, Kansas;
A.E. Clark, Pleasant Hill, Kansas; M.L. Dickson, Edgerton,
Kansas; Wm. C. Lee, Manhattan, Kansas; H.H. Clothier,
Vera, Kansas; D.L. Beale, Montana, Kansas; O.E. Simmers,
Abilene, Kansas.”
Illustrations (by Hench, p. 20, 22-23) show: Two soy
bean pods and two soy beans (full size). A soy bean knife
on a cultivator beam. A full-page soy bean plant, with many
leaves and pods.
Note 1. This is the 2nd earliest document seen (June
2021) that uses the word “harvester” (“a regular bean
harvester”) in connection with soybean production.
Note 2. This is the earliest document seen (June 2021)
that uses the word “horse” (or “horses”; “the two-horse

cultivator”) in connection with soybean production.
Note 3. This is the earliest document seen (Sept. 2007)
that gives an itemized accounting of the cost of producing
soybeans.
Note 4. This is the earliest document seen (Nov. 2020)
that mentions the soybean variety Early Yellow. There is
good reason to believe that this is simply a new name for the
Yellow Soy Bean, the name which had been used at Kansas
since 1890. Address: 1. M.S., Agriculturist; 2. M.S., Asst. in
Dairying; 3. B.S., Asst. in Field and Feeding Experiments.
All: Manhattan, Kansas.
260. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1900. Fattening
hogs with drought-resisting crops. Kansas Agricultural
Experiment Station, Bulletin No. 95. p. 67-95. April.
• Summary: The bulletin begins: “This bulletin gives the
results of feeding experiments made with 326 hogs. Eight
experiments were made; the first was begun November 15,
1897, and the last completed January 8, 1900. The object of
the work was to develop the best methods of feeding hogs
the Kansas crops that are good drought resisters and that do
well on upland.” Soy beans are mentioned on most pages
of this report. They were fed with kafir-corn in the form of
ground whole soy beans, called “soy-bean meal.”
The summary section titled “Soy beans” (p. 91-92)
states: “The soy bean stands drought as well as Kafir-corn
or sorghum, is not touched by chinch-bugs, and does well
on poor soils. Every experiment in which soy beans were
tried shows that, when part of the ration was beans, the hogs
having them ate the most grain, and made the most gain for
feed eaten. The results are:” A table summarizes the results
of experiments 1-4 and 6, in which soy beans were fed. The
crucial figure in each is the percentage of feed saved by
feeding soy beans, which ranges from 13.2% to 37.5%.
“This table shows an increase in gain of from 14.6 to
96.4 per cent, by making the ration one-fifth soy beans, and
that the rations containing one-fifth soy beans show a saving
in the amount of feed required to make 100 pounds of gain
from 13.2 to 37.5 per cent. Can the Kansas farmer afford to
fatten hogs without soy beans? Hogs fed soy beans fatten
rapidly, look thrifty, have strong appetites, and the hair and
skin are glossy, like those of animals fed oil-meal. The soy
bean is a rich feed and we do not recommend more than
one-fifth to one-third of the ration to be made of the beans.
Soy beans may be fed whole, mixed with the other grain, or
unthrashed beans, stalk and all, may be thrown to the hogs
and they will quickly pick out the beans. We lost eleven per
cent, from grinding the beans.”
The report concludes (p. 95): “The yields we have
obtained from Kafir-corn, soy beans, and alfalfa hay, the
showing of only one crop failure in eleven years, and the
good results obtained from fattening hogs with combinations
of these feeds, show a greater certainty of crop and more
pounds of pork per acre than are usually secured by ordinary
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feeds in other states.” Address: 1. M.S., Agriculturist; 2.
M.S., Asst. in Dairying; 3. B.S., Asst. in Field and Feeding
Experiments. All: Manhattan, Kansas.
261. Wallaces’ Farmer (Des Moines, Iowa). 1900. Drouthresisting crops (Letter to the editor). 25(20):533, col. 1. May
18.
• Summary: “The observations of the writer have been
limited to the growth of the crops named below in Kansas.
It is believed, however, that such crops as Kaffir coin and
soy beans are destined to become of great importance to the
agriculture of large sections of our country. For this reason
the following notes have been collected with a view that
something of value to Iowa farmers may yet be discovered
in the drouth-resisting [drought-resisting] crops of the
Southwestern plains.
“The Soy Bean or Soja Bean (Glycine hispida).–Like
many others of our cultivated plants, the soy bean is not
known in a wild form. It has been cultivated in China, India
and Japan for ages and has probably become so modified by
the influences of cultivation that it has lost its resemblance
to its wild progenitor. The plant is remarkable for its
ability to resist extremes of drouth and heat. The hispida
or hairy epidermis of the leaves probably aids in retarding
evaporation, thus preventing too rapid transpiration in dry,
hot weather. The Oriental nations use it in their agriculture
as a means of keeping up the fertility of the soil. This result
is accomplished by means of nitrifying organisms which
inhabit little nodules on the roots of the plants. The soy
bean plant, therefore serves the purpose of indirectly taking
nitrogen out of the atmosphere and fixing it in the soil where
other plants may use it. When first brought to America, the
beneficent bacteria were not associated with the plant and
it was grown many years in Kansas before a nodule was
observed. By means of inoculation with soil from one of the
Eastern states, the bacteria have been introduced into Kansas
during the past two years and somewhat widely distributed.
In Japan, many varieties of soy beans are grown. At the
Kansas Experiment Station ten or twelve varieties have been
grown, but all except the yellow soy have been discarded.
The greatest fault of the soy bean is in the small yields that
are obtained, fifteen bushels per acre being a heavy yield in
Kansas.
“The Eastern people esteem the soy bean very highly for
human food, but its strong flavor will interfere with its use
for this purpose in America. Its chief value in our agriculture
will be found in its usefulness as a feedstuff for domestic
animals. When grown for grain, the straw is worthless as a
feed, but when cut and cured green the soy bean plant makes
excellent hay, or if fed out at once no other plant excels it for
soiling purposes. The grain has an exceedingly high feeding
value, owing to its richness in protein and fat. The following
table gives a basis for the comparison of soy beans with
some other common feeds:

This table has four columns: Kind of feed-stuff, protein
%, fat %, and carbohydrates %. The kinds of feed-stuff are
soy beans: (34.0%, 16.9%, 28.8%), linseed meal (33.2%,
4.0%, 38.4%), dent corn (10.3%, 5.0%, 70.4%), bran (12.5%,
3,6%, 42.1%), cottonseed meal (32.0%, 10.0%, 20.2%),
alfalfa hay (10.7%, 1.4%, 37.3%).
“This table shows that soy beans are more than three
times as valuable for both protein and fat as corn. If the fat is
reduced to its equivalent in carbohydrates and added to the
carbohydrates, it is readily seen that soy beans lack only a
little more than nineteen per cent of being the equivalent of
corn in carbonaceous materials, while their protein is almost
three and a half times as great. If we compare them with corn
on the protein basis we find that they are more than three
times as valuable, pound for pound. Since protein is the most
expensive feed-stuff on the farm it follows that a yield of
fifteen bushels of soy beans per acre is a fairly paying crop
“Soy beans when fed with Kaffir corn meal to hogs have
given wonderful results at the Kansas Experiment Station.
One hundred pounds of Kaffir corn meal fed alone gave 15.4
pounds of pork. One hundred pounds of a mixture of fourfifths Kaffir corn and one-fifth soy beans gave 23 pounds of
pork. The following table illustrates this:
“100 lbs Kaffir corn alone produced 154 lbs. pork worth
@ 3¢ per lb., 46¢.
“100 lbs. of mixture produced 23 lbs. pork worth @ 3¢
per lb, 69¢.
“400 lbs. Kaffir corn alone produced 4 x 15.4 lbs pork
worth @ 3¢ per lb, $1.85.
“400 lbs Kaffir corn plus 100 lbs. soy beans produced 5
x 23 lbs. pork worth @ 3¢ per lb., $3.45.
“Gain due to 100 lbs. soy beans, $1.60.
“This shows that, when pork is worth three cents soy
beans are worth $32 per ton to feed with Kaffir corn to hogs.
“Soy beans should be planted in drills the closer the
rows the better, as long as one can give good intertillage
with a horse cultivator. They can be planted with a Dowagiac
grain drill better than with other implements. The ground
should be in good tilth before planting the crop, and the
soil should be warmer than is required for corn. The crop
matures in about two and a half months, and should have
the advantage of the driest and hottest season of the year
in which to make its growth. Plant a half bushel of seed
per acre, cultivate as you would cultivate corn, and harvest
before all the pods have turned brown. A bean harvester
should be used, which consists of two long, thin steel knives
running a little below the surface of the ground and attached
to a frame very similar to a riding cultivator. The implement
cuts off two rows of beans at once and iron fingers attached
to the machine roll together the two rows in a windrow. They
are then raked into bunches with a hay rake and should be
cocked up and let cure in the field for several days. It is more
economical to thresh them out of the field than to stack them.
A steam thresher can thresh the beans without cracking them
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if all the concave teeth are removed and the machinery is run
just as slow as it can be run and not have the sieves clog. It
cost the Kansas Agricultural College in 1899 $8.40 per acre
to cultivate, harvest and thresh the crop.
“There is a great field for the seed breeder to work upon
soy beans. It is said that they yield much more abundantly
in their native land than in the United States. When we have
succeeded in breeding up varieties that will yield twenty-five
bushels per acre we may expect the soy bean to be one of
the most valuable plants in cultivation. It is possible that the
strong, disagreeable flavor may be bred out of them, and that
they may become of general use on our tables.”
262. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1900. Soil
inoculation for soy beans (Continued–Document part II).
Kansas Agricultural Experiment Station, Bulletin No. 96. p.
97-116. May.
• Summary: Continued: Part 2 of Bulletin 96 (p. 112) is
titled: “Field Work in Soil Inoculation for Soy Beans,”
“H.M. Cottrell, M.S., Agriculturist.
“D.H. Otis, M.S., Assistant in Dairying.
“J.G. Haney, B.S., Assistant in Field and Feeding
Experiments.
“The experiments made by Mr. Otis demonstrated
that Kansas soil does not contain the bacteria which form
tubercles on the roots of the soy bean, and that these bacteria
can be introduced by the use of infected soil. In 1898 and
1899 the Farm Department made experiments to develop
methods of inoculating soil that would be practicable in large
fields under ordinary farm conditions.
“First Experiment
“Two acres were planted in the spring of 1898 to
Early Yellow soy beans. The beans were planted in drills,
with rows thirty-three inches apart, and the two acres were
divided into sixteen plats. The inoculated soil used in this
experiment was taken from a plat inoculated in 1896 with
soil from the Massachusetts Experiment Station, and on
which soy beans had been grown in 1896 and 1897.
“This inoculated soil was taken up and dried until
it would crumble easily and then applied as indicated.
Inoculated water was made by soaking for three days half a
bushel of inoculated soil in two-thirds of a barrel of water.
Soy beans were placed in a sack and immersed in this water
until thoroughly wet and then planted. Soy beans were
mixed with the infected mud in this barrel, allowed to drain,
and were then planted. On other plats the infected soil was
applied as shown in the table.
“Twenty average plants from each plat were carefully
dug up, the soil washed from the roots, and the tubercles
counted. The treatment given the plats and the results shown
by this count are as follows:”
A complex table with 15 rows shows the results. The
three columns are: (1) Amount of soil inoculated (e.g., “9.
Infected soil broadcast before seeding, 1000 pounds per

acre”). (2) Tubercles on twenty plants, (3) No. of plants
having tubercles.
“In this trial the only satisfactory results were obtained
by drilling the infected soil with the seed.
“In a plat inoculated with Massachusetts soil two years
before, twenty plants bore 136 tubercles, one plant bearing
thirty-five and only one plant not having any tubercles.
In another plat, inoculated Massachusetts soil was spread
thickly in the bottom of the drill furrow, and the seed
dropped in it. Twenty plants in this plat bore 509 tubercles on
their roots, one plant having seventy-one, another sixty-nine
tubercles, and only one plant not having any.
“Second Experiment
“At the time the plats in the first experiment were
planted, 11½ acres were planted to soy beans in another field.
The entire field was treated, before planting, with inoculated
soil sown broadcast at the rate of 1000 pounds per acre.
The inoculated soil was distributed by hand from wagons as
evenly as possible, and then mixed with the soil of the field
by a disk harrow. The soy beans were planted in rows thirtythree inches apart.
“A careful examination of hundreds of plants on this
field failed to show a single tubercle, and this method, with
the quantity of soil used, is a total failure.
“Third Experiment.
“The first and second trials convinced us that, to secure
satisfactory results, the inoculated soil must be placed in
contact with the seed as the seed lies in the ground, that the
young roots may come in contact with the tubercle-forming
bacteria as soon as possible.
“We were anxious to develop a practicable method of
securing this result the first year the trials were made, and
after oats had been harvested from a field it was plowed and
planted to soy beans. We had only an ordinary two-horse
grain-drill. We put the beans in the grain box, stopping up all
the holes but two, so as to make the rows the proper distance
apart. A box was placed on top of the drill to hold the
inoculated soil. The drill planted two rows of beans. We took
two large tin funnels, connected them with the drill holes
by rubber tubing, and poured the inoculated dirt into these
funnels with scoops. The team was driven slowly, and we
could watch the inoculated soil and the beans falling together
into the drill mark, every bean being thoroughly surrounded
with the inoculated soil. The method was crude, but it put the
inoculated soil and beans where we wanted them.
“The beans were planted July 21, 1898, and 611 pounds
of inoculated soil from the Massachusetts Experiment
Station was drilled in with the beans on half an acre.
“The result of this trial was all that could be desired.
In ten days after the bean plants appeared above ground
tubercles could be found on their roots, and when the plants
became full grown the roots were thickly studded with
tubercles.
“Experiments in 1899.
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“In the spring of 1899 we purchased a grain-drill having
a fertilizer attachment. Inoculated soil was taken from the
rows of beans grown in the third experiment of 1898, spread
on boards in the field until it became well dried, and was then
powdered. The drill was set to sow 600 pounds of fertilizer
per acre; all the holes were stopped except those connected
with the spouts from which the seed was being dropped. The
drill planted the seed and mixed the inoculated soil with the
seed as fast as the team could walk. We inoculated forty-six
acres of soy beans. The results were satisfactory, nearly all
plants bearing a large number of tubercles.
“Profits from Inoculation.
“Kansas farmers should raise soy beans because of their
value as feed, and the benefits from inoculation give an extra
profit. Soy beans are richer in flesh-, blood-, milk- and bonemaking material than linseed-meal. They can be raised at a
cost of thirteen to eighteen dollars per ton, and, pound for
pound, are worth a little more than linseed-meal for fattening
steers and sheep and in feeding dairy cows and young stock.
In experiments made at this Station, soy beans, fed with
Kafir-corn and corn in fattening hogs, made a saving in the
amount of feed required to make 100 pounds of gain of from
thirteen to thirty-seven per cent. Besides these qualities, soy
beans stand drought as well as Kafir-corn or sorghum and are
not touched by chinch-bugs.
“The yield of crops of all kinds is increased where they
follow soy beans, wheat showing in large fields an increase
of five bushels per acre when following soy beans over that
grown on adjoining land that had not been in beans. This
increase is shown where soy beans bearing no tubercles
have been grown. Where no tubercles grow on the roots the
soy bean does not add fertility to the soil but simply makes
available for other crops the plant-food already in the soil.
The soy bean is a strong feeder and can obtain plant-food
from the soil that a weaker plant like wheat is unable to
secure. Then, when the beans are harvested, their roots decay
and the plant-food in them is in such a condition that wheat
or other ordinary farm crops can easily use it.
“Inoculated soy beans add plant-food to the soil.
Nitrogen is one of the most needed elements of plant-food.
The reduced yield from our long cultivated fields comes
chiefly from the lack in the soil of nitrogen in a form which
our field plants can use. Four-fifths of the air is pure nitrogen
but ordinary plants can make no use of it. The bacteria that
cause and live in the tubercles on soy-bean roots take this
nitrogen from the air and put it in such a condition that our
ordinary field plants can use it. In this way inoculated soy
beans, while yielding a profitable grain crop, make the soil
richer than before the crop was grown. Where the beans do
not have tubercles no plant-food is added to the soil, but that
already there is made available for the production of larger
yields of crops following the soy beans, and in the end the
land is made poorer” (Continued). Address: Manhattan,
Kansas.

263. Agricultural Gazette of New South Wales. 1900. General
notes. 11(9):812-15. Sept.
• Summary: The section titled “The soy bean as a forage
crop” states: “Some years ago Mr. Geo. Valder, who was
then manager of the Wagga Experiment Farm, conducted a
number of experiments to determine the value of the Soy (or
Soja) bean for culinary and fodder purposes. The opinion
formed on the trials was that for a hot-weather grower it was
hard to excel the Soy bean, which produced an abundance of
foliage and pulse. Seed was also sent to farmers in various
parts of the Colony, and in one place–Rylstone [see Dec.
1893 issue]–This bean produced a wonderful crop during the
hottest and driest months of the year.
“In the [United] States, where pulse crops for forage
receive a good deal more attention than is the case here,
the Soy bean is recognized as a valuable and reliable crop
for seasons of drought. Speaking of it in the American
Agriculturist, Professor Thomas Shaw, of Minnesota, which
is just as subject to prolonged spells of hot, dry weather as
our western districts, says: “The soy bean may be grown for the grain, for soiling
food, for ensilage, for pasture, and for green manuring. Its
greatest value, however, will probably be found in furnishing
soiling food for dairy cows, as it is in the proper condition
for being thus fed at that season of the year when but few
plants are available for such use; that is to say, during the
latter part of the summer. The Soy bean is a hot-weather
plant, and is able to stand more drought than the cow-pea.
When once well-rooted, hot winds that would wilt and wither
many other forms of vegetation will not seriously injure the
Soy bean.
“In appearance it resembles a common bean, but the
foliage is larger and much more luxuriant, and the habit of
growth is more upright. With all the conditions favourable,
this plant in some of its varieties will grow to the height of
at least 4 feet, and it produces a large yield of green food.
Some of the early varieties, as the medium or green, can
be grown successfully further north than the cow-pea. The
claim, however, that they will flourish as far north as corn
is not quite correct. And since it will stand drought better
than the cow-pea, it has special adaptation for districts
subject to scanty rainfall. Its province as a catch crop is more
circumscribed than that of the cow-pea, since in many of its
varieties it takes longer to mature. Nevertheless, there are
many crops which it may be made to follow the same season,
as, for instance, winter rye, winter wheat, grain forage eaten
down, or an early crop of potatoes. A warm, rich vegetable
soil with a porous subsoil is best adapted to the growth of
the Soy bean. The soils of the fertile prairie, therefore, are a
natural home for it. On poor, sandy soils it will not make a
large growth unless these are first fertilised.
“The preparation of the soil should be such as to make
a deep, fine, firm and moist seed-bed. When the Soy bean
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is planted after a grain crop which has just matured, a free
use of the harrow and roller should be made in a normal
season to conserve moisture. When sown from the grain, for
ensilage, for soiling food, or for hay, the seeds are put in with
the grain drill. But they may also be planted with a cornplanter or a bean-planter. It is customary to make the rows
about 30 inches apart. If the crop were grown for pasture,
the rows could be made considerably closer, under some
conditions, but not so close as to preclude cultivation, except
such as may be given with the harrow. When the rows are 30
inches apart, from 2 to 4 pecks of seed will suffice per acre.
At no time should the seed be sown earlier than the cornplanting season, and in districts subject to late frosts it ought
to be planted later. In the cooler districts, earlier varieties
only should be sown, and even in the hotter localities very
late varieties ought not to be used.
“In cultivation, a harrow with the teeth aslant can be
used with advantages before the beans are up, and also in
some instances at a later period. The cultivation should be
prompt and generous, more especially when the plants are
young. For making hay the Soy bean should be cut when the
beans in the pod are fully half-grown, or before the lower
leaves begin to fall freely, and the aim should be to handle it
but little during the curing process, lest many of the leaves
should be lost. When mixed with corn in the silo, the quality
of the ensilage is thereby considerably improved.”
Note: This article was reprinted under the same title in
The Sydney Mail (8 Sept. 1900, p. 7); the source was not
cited.
264. Examiner (Sherbrooke, Quebec, Canada). 1900. Farm
and garden: Facts from the field. Soy bean stands drought,
defies bugs and is richest of feed. Oct. 15. p. 3.
• Summary: “The Kansas experiment station began raising
soy beans in 1889 and has raised them every year since, in
1899 having 70 acres in this crop.” A long summary of an
article about soy beans in Kansas is given.
265. Bailey, Liberty H. 1900-1903. Cyclopedia of American
horticulture. 2nd ed. 4 vols. New York, NY: The Macmillan
Co.; London: Macmillan & Co., Ltd. See vol. 1, p. 136-37.
Vol. 2, p. 653. Vol. 4, p. 1693. Assisted by Wilhelm Miller,
Assoc. Editor.
• Summary: This classic is illustrated with over 2,000
original engravings, including two of the soy bean. Full-sized
illustrations (fig. 191; p. 136) in Volume 1, under “Bean,”
show the seeds of 6 types of beans, including four seeds of
Glycine hispida (the soy bean).

Another illustration (fig. 195; p. 137) shows the leaves
and pods of the Soy Bean–Glycine hispida (one-third size),
and the accompanying text states: “Of greater value [than the
Cow-pea] for the same purposes, north of New Jersey, seems
to be the Japanese Soy Bean, which is early enough to come
to maturity almost anywhere in the United States. Its foliage
is rather thin or open, however, which impairs its value for
green-manuring. The dry Bean constitutes one of the richest
vegetable foods known, and its flavor seems unobjectionable
to all kinds of stock. Sow 1 bushel to the acre.”
Volume 2, p. 653 notes: “Glycine (Greek for Sweet).
Leguminosae. Perhaps 15 or 20 species in tropical Asia,
Africa, and Australia, mostly twining vines. The Glycines
are allied to Dolichos, Vigna and Phaseolus: The cultivated
species are distinguished by small and hairy flowers in short
axillary racemes... In this country Glycine is known only in
the Soy Bean, G. Hispida, Maxim. (fig. 195; p. 137), which
is an erect, hairy annual from Japan and China. It is also
known as the Soja Bean, Coffee Bean and Coffee Berry... In
China and Japan the seeds are much used for human food,
but in this country the plant is grown for forage, having
begun to attract attention about 25 years ago. The beans may
be used as a substitute for coffee; and for this purpose the
plant is often sold. The Soy Bean, in the form in which we
know it, seems to be unknown in a wild state. It is probably a
domesticated form of Glycine Soja, Sieb. & Zucc., which is
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wild in Japan. These two species are united by some authors
and separated by others (see Franch. & Sav. Fl. Jap. 1:108.
Maxim. Bull Acad. St. Petersb. 18:398). For purposes of
perspicuity and definition, they may well be kept separate
in the books... Glycine was once applied to Wistaria. It is
sometimes used for that genus at the present day in foreign
lists (L.H.B.)”
Vol. 4, p. 1693 states: “Soy Bean (Glycine hispida,
which see for botanical description) is a legume, and while
it has long been a staple crop in Japan it has but somewhat
recently been cultivated in the United States. Figs. 191,
195. It grows to perfection only in a tropical or semitropical
climate. In its native country, Japan, the seed is an important
human food product, but in the United States its principal use
at present is as a forage plant for farm live stock and as a soil
renovator...
“To the horticulturist the Soy Bean is valuable chiefly
as a soil renovator... When the soil is so hard and forbidding
that clover will not thrive the Soy Bean may be made to
serve as a nitrogen gatherer, and when plowed under it serves
to greatly improve the physical condition of the land. See
also Glycine (L.A. Clinton).” Address: Prof. of Horticulture,
Cornell Univ., New York.
266. Foreign Seeds and Plants Imported by the Section of
Seed and Plant Introduction, USDA, Inventory. 1901. [Soy
bean introductions]. No. 8. S.P.I. Numbers 3401-4350. 106 p.
Transmittal date: 1 Jan. 1901.
• Summary: 3869-3870. “Glycine hispida. Soy bean. From
China. Received through Dr. H.W. Wiley, September, 1899.
“3869. Black.
“3870. Distributed.”
3884-3886. “Glycine hispida. Soy bean. [Seeds yellow,
black, and green respectively; Piper and Morse 1910, p. 40.]
From Honolulu, Oahu, H. Ty. A collection of seeds originally
from China, presented by Hon. Byron O. Clark, of Wahiawa,
Oahu, October, 1899.
Note: This is the earliest document seen (May 2021)
concerning soybeans in Hawaii. This document contains
the earliest date seen for soybeans in Hawaii (Oct. 1899). It
is not clear whether or not any of these soybeans were ever
grown in Hawaii.
“3884. Distributed. Yellow.
“3885. Distributed. Black.
“3886. Distributed. Green.”
4285. “Glycine hispida. Soy bean. From Richmond,
Virginia. Received January 15, 1900. Yellow. An erect,
branching hairy annual, with large compound leaves, each
composed of three leaflets; inconspicuous pale violet flowers
in small clusters in the axils of the leaves, and broad, severalseeded pods covered with stiff bristly hairs. The seeds
are rounded and pale yellow in color. The plant thrives in
medium or rich soil. The seeds should be planted in drills
about 3 feet apart and cultivated until the plants are large

enough to shade the ground. Cut for hay when the first pods
are forming, and for seed before thoroughly ripe. This is a
medium variety for the South.”
Note: The introduction, dated 1 Jan. 1901, is by Jared
G. Smith, Chief, Section of Seed and Plant Introduction.
Address: Washington, DC.
267. Gleanings in Bee Culture. 1901. Growing the soja bean
(or American coffee berry) in northern Ohio. 29(4):159. Feb.
15.
• Summary: “Learning that the writer whose communication
appears below had grown successfully quite a crop of fully
matured soja beans, I wrote him for particulars, and he
furnishes the following:
“’We plowed the ground May 10th, and harrowed
it thoroughly. We had some seed raised from a packet of
American coffee-berry purchased of you. The strip we
planted was so poor we were certain it would not pay to plant
it to corn. We applied acid phosphate, or South Carolina
rock, at the rate of 250 lbs. per acre. It was drilled in with a
grain-drill with fertilizer attachment. We then marked it in
rows 30 inches apart, and drilled the beans in by hand after
the fashion of early peas–i.e., about an inch apart in the row.
We went over them with a weeder just before they were
through the ground. After they were up we cultivated them
thoroughly as deep and close to rows as possible, until they
were about three inches high. From there on we gave them
shallow cultivation, and just kept the ground nice and fine
on top as long as we could get between the rows. They grow
very rapidly, covering the ground completely. They root so
deeply that drouth does not seem to affect them; they even
grow and produce well when planted in among the corn. We
planted the beans May 15, and harvested them Sept. 5. We
drove along each row with a mowing machine, and cut them;
then followed, put them in bunches, and left them to cure
for about a week. We used a common thrashing-machine to
thrash them, removing all but one row of concaves, running
very slowly, and always keeping the cylinder nearly full to
avoid throwing beans all over the barn. The quarter acre
yielded about 8 bushels. The soil was a mixture of clay and
sand.
“’J. McQueen. Baltic, Ohio.’
“Now, this is interesting, for the soja bean has met with
favor everywhere. It not only makes excellent hay and feed,
but for plowing under to enrich the ground there is probably
no plant known that is its superior. Our experiment station
goes further, and informs us that where the crop is taken off
the ground completely, for hay or seed, the soil on which it
grew has been benefited for almost any other crop. We can
furnish a leaflet on application, telling more about this new
forage plant.”
268. Cottrell, H.M.; Otis, D.H.; Haney, J.G. 1901. Soy beans
in Kansas in 1900. Kansas Agricultural Experiment Station,
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Bulletin No. 100. p. 55-115. March. (Issued April 1901).
• Summary: This is an extremely detailed report, remarkable
for soy beans in the year 1900. It is composed mainly of
county by county reports by farmers of planting tests made
during the year, and yields of forage and/or seed. The first
general trials of soy beans throughout the state of Kansas
were made in the summer of 1900.
One table (p. 58) shows the “Yield per acre on the
college farm” of soy beans, corn and kaffir corn from 1889
to 1900, inclusive. The average soybean yield over these 12
years was 12 bushels/acre, the top yield was 17.0 bu/acre in
1889, and the lowest was 2.6 bu/acre in 1894.
A second table, titled “Varieties of soy beans” (p. 59),
shows the varieties tested, the source of the seed (many
seedsmen), the yield of beans per acre, the yield of hay per
acre, and the days from planting to maturity. The varieties
with their yields in bushels per acre (sorted in descending
order of seed yield) are: Early Yellow, from Kansas State
Agricultural College (7.4 bu/acre), Early Soy, from Peter

Henderson & Co. (New York) and Johnson & Stokes
(Philadelphia, Pennsylvania) (6.5 and 6.2), Dwarf Soy, from
George W. Hilliard (Brighton, Illinois) (6.4), American
Coffee, from J.J.H. Gregory (Marblehead, Massachusetts)
(5.5), Medium Early Black, from J.J.H. Gregory (3.0),
Extra Early Dwarf, from J.J.H. Gregory (2.7), Late Soy,
from Johnson & Stokes (* = did not mature), Medium
Soy, from Hilliard (*), Chastain Soy, from E.N. Chastain
(Hume, Missouri) (NS = no stand), Nalrade, from Japan
(Days from planting to maturity: 166), Asahi, from Japan
(Days to maturity: 166), Tamarat Sukun, from Japan (Days
to maturity: 151), Soy bean 4912, from USDA, from Japan
(Days to maturity: 128), Best White 4913, from USDA, from
Japan (Days to maturity: 128), and Best Green 4914, from
USDA, from Japan (Days to maturity: 166). Early Yellow
also gave the best yield of hay (1.4 tons/acre).
A map (p. 60) shows where soy beans were grown in
Kansas in 1900; they were grown in at least one location in
75 of the of the 105 counties of the state. These locations
are concentrated in the eastern one-third of the state, and
especially in the northeast.
The report concludes by stating that “a majority of the
292 who reported growing soy beans in 1900 think them a
profitable crop, and this with a new crop, in an unfavorable
season.”
Most farmers who tested soy beans responded to most
of the following questions (their letters were condensed to
5-15 lines typeset): Have you grown soybeans before; if so,
starting when? Type of soil in which this year’s crop of soy
beans was planted? Method and date of planting. Spacing
between rows, and of plants within each row. Method and
frequency of cultivation. Method of harvesting (one of the
biggest problems). Pests you noticed (rabbits–often jackrabbits–and grasshoppers were reported by many; only a
few reports mentioned injury from other insects, and none
from diseases). Yield of beans (most farmers got less than
15 bushels/acre; the highest yield was 31 bu/acre). Results
of feeding beans or plants to livestock (almost every feeding
trial was highly favorable; hogs, milch cows, and sheep
generally thrived on them). Degree of satisfaction with the
crop and its profitability. Do you plan to try soy beans again
next year? Many farmers reported that the beans withstood
drought very well. No mention was made in the Bulletin of
any farmer having tried the soy bean as food.
H.C. Whitford, of Garnett, in Anderson County: “Tried
to cut with mower, but this broke the clods and we had
to resort to hand pulling. Got badly injured in the shock.
[Presumably the soy beans, not Whitford.] I thought them
worthless and fed them to hogs; the hogs were very fond
of them.” William Matthias, of Huron, in Atchison County:
“Pigs and poultry got a taste of the ripe beans, and they made
desperate raids on the field.”
Joseph Shaw, of Strong, in Chase County: “Pigs were
crazy for them, and ate stalks and all.” John German, of
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Hiattville, in Bourbon County, said his hogs wouldn’t touch
the beans, although his calves and yearlings would. C.O.
McLane, another Bourbon County man, from Uniontown,
said concurringly that calves and also colts would climb
low fences to get at some sorghum he had liberally laced
with soybeans. Many respondents grumpily observed that
soybeans were relished by rabbits.
Concerning soybean pioneers: H.J. Gifford of Haviland,
in Edwards country: “I have planted the Little Yellow soy
bean on a small scale for the past seven years [since about
1894]–principally as a coffee substitute.” Gustave Koehler
of Troy, Doniphan County: “I have raised the soy bean
for years, and find it not a paying crop.” Carl L. Howe of
Emporia, in Lyon County: “Have raised soy beans for four or
five seasons...”
Full-page photos show: 1. Early Yellow soy bean (p. 83).
Brooks early soy bean (Henderson; p. 85). Early Yellow soy
beans in the field (p. 87). Sixteen acres of Early Yellow soy
beans (p. 89).
An excellent summary (p. 111-15) is given of these tests
by Kansas farmers. The Early Yellow variety gave the best
results. 135 farmers (46%) stated that soy bean is a profitable
crop, 68 had a favorable opinion but needed further trial, 33
gave an unfavorable report, and 30 found the crop to be a
total failure. The others did not express their opinion. “The
season was the most unfavorable for growing soy beans
but one that we have had in twelve years.” Another major
reason for low yields was probably the failure to inoculate
the soy beans with nitrogen-forming bacteria before planting.
Inoculated soil was first sent to 25 farmers in the spring
of 1900; roughly 1,000 to 1,200 lb of inoculated soil are
required per acre. “Soy beans have been grown on the
College farm for twelve years... On Kansas farms where
there is a sufficient supply of alfalfa for all the stock, we
do not think it will usually pay to grow soy beans. Alfalfa
supplies protein and mineral matter at a less cost than soy
beans.”
Note 1. This is earliest English-language document
seen (June 2004) that uses the term “pest” or “pests” in
connection with soybeans.
Note 2. This is the earliest document seen (Nov. 2020)
that mentions the soybean varieties Tamarat Sukun, Nalrade,
Asahi, or Best Green.
Note 3. This is the earliest document seen (Dec. 2005)
that contains a map directly related to soybeans. Address:
Manhattan.
269. Burkill, I.H. 1901. The flora of Vavau, one of the Tonga
Islands; with a short account of its vegetation by Charles
Steele Crosby. J. of the Linnean Society of London, Botany
35(242):20-65. See p. 34. April 1. [1 ref]
• Summary: “Glycine tabacina, Benth. Fl. Austral. ii. p. 244.
Fiji; westward to the New Hebrides and New Caledonia; and
to Tropical Asia.”

Note 1. This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives
of soybeans) in New Hebrides (later Vanuatu); cultivated
soybeans have not yet been reported.
Note 2. This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives of
soybeans) in the Kingdom of Tonga; cultivated soybeans
have not yet been reported.
270. Parsons, Adrian A. 1901. A clover substitute. Ohio
Farmer 99(15):323. April 11.
• Summary: “Under the above heading, H.P. Miller, in last
week’s Farmer makes some very good suggestions, to which
I would like to add a few more, as I consider the subject
a vital one. The improvement of the soil where it can be
secured while raising profitable crops should interest all
of us, and it goes without question that all the legumes are
soil-improvers because they gather more of the free nitrogen
from the atmosphere and change it into available plant food,
than any other order of plants, and the soy, or soja bean is
proving itself the most valuable of them all. Its roots go so
deep into the soil that during the severest droughts we have
had in the last four years, the leaves never wilt.
“Twenty-four veers ago I planted the cow-pea and soon
found they were too hard to handle as the harvesting comes
at a season when the curing process goes on very slowly.
Likewise the Canada field pea; it was badly affected by
summer drouth, and yielded but little seed. The crimson
clover would do well with us, could we always have
sufficient rain in July to give it a start, but I believe one year
in six is about its success here.
“The soy bean has been a success with us from the first
planting, growing in favor each year. They are relished by all
kinds of stock. The hay is equal to best clover, and the beans
have a feeding value greater than linseed meal. They will
grow on land that is too thin to grow clover and will yield
proportionately better on rich soil. According to statement
from the government experiment station they have been
known to yield a hundred bushels to the acre.
“We can’t say what the yield has been on our ground,
as most of our crops have been fed without threshing. Last
season we planted twenty-five acres; began feeding them
off the 22d of July to thirty shoats and six brood sows,
with twenty pigs, at that time. The shoats were marketed
in November; had been on full corn feed three weeks and
averaged two hundred [pounds each]. The pigs are fat and
growthy–as good a lot as we ever had. We put up three acres
early for hay, and the second week in December we threshed
the remainder and had over two hundred bushels of seed,
and a fine pile of straw, that according to the analysis set out
in Prof. Henry’s book on feeds, is worth a dollar less on the
ton than clover hay, and I believe our ground is in as good
condition as it would have been in clover–A.A. Parsons,
Hendricks Co., Ind.”
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Note 1. This is the earliest document seen (April 2017)
stating that A.A. Parsons of Indiana is growing soybeans.
Note 2. There was no article by H.P. Miller under the
heading “A Clover Substitute” in the previous week’s issue
of The Ohio Farmer. There was an article by or “conducted”
by H.P. Miller, D.V.M., on “Spring Lambs” under the
heading “Sheep and Wool”. Dr. H.P. Miller does respond to
a question on feeding ewes and says, in part: “The corn and
clover plants produce more economical feed than bluegrass
on land adapted to their cultivation.” No mention is made of
soybeans in his “column” on “Sheep and Wool”. Address:
Hendricks Co., Indiana.

results and is here described by him. St. Louis Post-Dispatch
(Missouri). Aug. 4. p. C2.
• Summary: Botanically the beans “are separated into at least
five genera, which are distinguished from each other mostly
by technical characters, but popularly known as lima bean
(phaseolus lunatus), kidney bean (phaseolus vulgaris), scarlet
runner (phaseolus multiflorus), hyacinth and yard long
(dolichos), cowpeas (vigna), soy bean (glycine), and broad
bean (vicia).”
Illustrations show: (1) A soy bean plant (Glycine
hispida) with leaves and pods. (2) H.C. Irish of the Missouri
Botanical Garden.

271. Leader-Post (The) (Regina, Saskatchewan, Canada).
1901. Soy beans as forage: a valuable catch crop that will
stand drought. April 25. p. 7.
• Summary: “The soy bean may be grown for the grain,
for soiling food, for pasture and for green manuring, says
Professor Thomas Shaw in The American Agriculturist. Its
greatest value, however, will probably be found in furnishing
soiling food for dairy cows, as it is in the proper condition
for being thus fed at that season of the year, when but few
plants are available for such a use–that is to say, during the
latter part of the summer. The soy bean is a hot weather
plant, but is able to stand more drought than the cowpea.
When once well rooted, hot winds that would wilt and wither
many other forms of vegetation will not seriously injure the
soy bean.
“In appearance it resembles as common bean, but the
foliage is larger and much more luxuriant, and the habit of
growth is more upright. With all the conditions favorable
this plant in some of its varieties will grow to the height of
at least four feet, and it produces a large yield of green food.
Some of the early varieties, as the medium or green, can be
grown successfully farther north than the cowpea. The claim,
however, that they will flourish as far north as corn is not
quite correct, and, since it can stand drought better than the
cowpea, it has special adaptation for some of the states west
of the Mississippi and south of Minnesota–as, for instance,
Kansas, Nebraska, Arkansas and Oklahoma.
“Its province as a catch crop is more circumcised than
that of the cowpea, since in many of its varieties it takes
longer to mature. Nevertheless there are many crops which
it may be made to follow the same season–as, for instance,
winter rye, winter wheat, grain forage eaten down or an early
crop of potatoes. A warm, rich vegetable soil with a porous
subsoil is best adapted to the growth of the soy bean. The
soils of fertile prairie, therefore, are a natural home for it. On
poor, sandy soils it will not make a large growth unless these
are first fertilized.”

273. Otago Witness (New Zealand). 1901. Notes on rural
topics: The soja bean. Sept. 18. p. 8.
• Summary: From Agricola: “The soja bean is a fodder
plant that is thought very highly of in Canada and the United
States, where it has been in cultivation for about five to
seven years [sic, 135 years]. This leguminous fodder plant
is a native of China and Japan, and though I have not seen it
growing I gather from various reports that it has many good
points to recommend it. Mr. Kinsella referred to it recently
in his paper upon ensilage, and mentioned it as one of the
substitutes for maize when a heavy green crop is desired in
a climate unsuitable for maize. It was said a year or two ago
that the soja bean plant had gained much favor with farmers
in America, not as the result of a boom, but entirely upon
account of its merits, and it was strongly recommended a few
years ago as a suitable crop for the dry climate of Australia,
but I cannot say whether it has caught on there or not. So
many flattering things have been said about it that one is
inclined to think it may prove to be no better than some other
wonderful plants that have been boomed with disastrous
results.
“A few years ago the Massachusetts Experiment Station
gave the bean a trial, and reported it to be the richest known
vegetable substance, being four times richer than maize corn.
A hundred pounds of the latter contains 4½ lb of fat, while
the same weight of soja beans contains nearly 19 1b of fat.
An American farmer says that he has threshed 100 bushels
per acre on a rich river flat. Another says it is certainly a
grand forage plant, and withstands drought or excessive
moisture. It is said to be well adapted for making ensilage, or
silage, because it gives a heavy bulk of growth and being of
such an oily nature is difficult to make into hay as it cures–
that is, dries into hay, very slowly. It appears there are two
varieties–the mammoth [Mammoth] and the dwarf [Dwarf]–
and both are said to be so hardy as to be able to hold their
own against flood, frosts, drought, grass and weeds. The bean
itself is small, no larger than the vetch seed, smooth skinned,
but not so hard as the horse bean. This bean, ground fine, is
largely used in China and Japan in making the sauce called
‘soy.’”
Note: This article is largely compiled from other articles

272. Irish, H.C. 1901. Every kind of bean has been grown in
St. Louis at the Missouri Botanical Garden: Assistant director
Irish undertook a branch of study which has had remarkable
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previously published in New Zealand.
274. Follette, Berge [George]. 1901. Soy beans in the corn
belt. Leavenworth Times (The) (Leavenworth, Kansas). Dec.
14. p. 2, col. 5.
• Summary: “As a result of my experiments with soy beans,
I am convinced that they can be made a paying crop for the
farmer living in the corn belt. I have counted as high as 214
pods on one plant and believe they will give an average yield
of 40 bushels per acre on good soil under favorable climatic
conditions and good culture. The department of agriculture
claims [where?] that if the conditions are very favorable the
yield may reach 100 bushels, but on the other hand drought
and poor soil may reduce the yield to 15 bushels. While the
soy bean is possessed of excellent drought resisting qualities
it seems to be able to survive a period of excessive moisture
better than the cow-pea. The upright bushy habit of growth
gives it a great advantage over the cow-pea during wet
weather, and makes it easier to handle at harvest time.”
“The soy bean is one of the most promising of the
annual leguminous forage crops, and as before indicated,
may prove of special value in connection with Indian corn,
the latter supplying the roughness, the soy bean producing
the digestible crude protein necessary to make a complete
and well balanced ration. The soy bean is sold under several
names–German coffee berry, domestic coffee berry and soja
bean.”
Note 1. On 19 Dec. 1901 this same article appeared in
The Weekly Republican (Plymouth, Indiana) (page 7, col.
4) but with a different heading: “Soy beans in Indiana.” By
George Follette, of Indiana, in Orange Judd Farmer.
Note 2. It also appeared on 19 Dec. 1901 in The
Leavenworth Weekly Times (Leavenworth, Kansas) (p. 7, col.
5).
275. MacDougal, Trembly. 1901. Practical text-book of plant
physiology. New York: Longmans, Green and Co. xiv + 352
p. Illust. 20 cm.
• Summary: Page 177: In the chapter titled “Energy of
Imbibition:... Hold the bulb in the center of the jar and
pour seeds of pea, bean, or soja bean, around it until the
jar is completely filled. The seeds should be compacted by
shaking from time to time. Now bring the top to its place and
screw on. Set the jar in a larger vessel with the manometer
arm extending above and outside it. Pour water in the
vessel in such manner that it will completely cover the jar
containing the seeds. Mark the exact height of the mercury
in both columns, and adjust the outer arm to a perpendicular
position. Measure accurately the length of the column of
air above the mercury in the enclosed column.” Address:
Director of the Laboratories, New York Botanical Garden.
276. Makino, T. 1902. Observations on the flora of Japan.
Botanical Magazine (Tokyo) 16(179):34-35. Jan. 20. [42 ref.

Eng]
• Summary: Gives numerous early references concerning
Glycine Soja, Dolichos Soja Linn., Soja hispida Moench,
Glycine hispida Maxim., Soja japonica, Sooja japonica Sieb.,
and Daidsu. Habitat: Japan, widely cultivated, having various
forms. There are not any wild forms in Japan. “Soja” was
derived from “Shoyu” or Soy, a kind of sauce made of boiled
seeds of this plant and fermented wheat, commonly used by
Japanese.
Glycine (Soja) ussuriensis. Glycine Soja, Soja
angustifolia, Johnia javanica, Glycine javanica, Phaseolus
lathyroides. This species is never in cultivation and the seed
grains are useless hence the specific name “Soja” given to
it is very inappropriate. Probably a variety of the preceding
species.
277. MacDougal, Trembly. 1902. Elementary plant
physiology. New York: Longmans, Green and Co. xi + 138 p.
Illust. 20 cm.
• Summary: Page 62: “Imbibition pressure:... Hold the bulb
in the center of the glass jar, and pour peas (Pisum) or soja
beans around it until the jar is completely full, when the lid
should be screwed on.”
Note: The author previously wrote Practical TextBook of Plant Physiology (1901). Address: Director of the
Laboratories, New York Botanical Garden.
278. Matsumura, J. 1902. A conspectus of the Leguminosae
found growing wild, or cultivated in Japan, Loochoo and
Formosa. Botanical Magazine (Tokyo) 16(181):37-115. See
p. 85. [Eng]
• Summary: “51. Glycine, L. I. Stems erect. Leaflets usually
broadly ovate or elliptical. Flowers white or violet. Stamens
diadelphous. Fl[owers]. July. Japan; Liukiu [Ryukyu];
Formosa. Cult[ivated]. Daizu. G. hispida, Maxim.
II. Stems twining. Leaflets usually oblong or linear.
Flowers violet. Stamens monadelphous or diadelphous.
Tokio; Formosa? Fl[owers]. Sept. Tsuru-mame. G.
ussuriensis, Regel et Maack.
279. Gartenwelt (Die) (Berlin). 1903. Gaerten des
Auslandes. Der botanische Garten von Victoria und dessen
Versuchspflanzen [Foreign gardens: The Botanical Garden
of Victoria and the plants it is testing]. 8(19):222-26. Feb. 6.
[Ger]
• Summary: This article (continued from the last issue,
and in the next issue) is written by a German gardener in
Cameroon. One of the plants tested here [in Cameroon] is the
soybean, Glycine hispida, whose good-tasting seeds are used
in the preparation of a spicy sauce [perhaps Worcestershire
sauce].
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in Cameroon, or the cultivation of
soybeans in Cameroon. This document contains the earliest
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date seen for soybeans in Cameroon, or the cultivation of
soybeans in Cameroon (Feb. 1903). The source of these
soybeans may well have been Germany, since Cameroon was
controlled by Germany from 1884 to 1916 and soybeans had
been cultivated in Germany since 1878.
Note 2. Today this garden is named Limbe Botanical
Gardens, located in the seaside city of Limbe on the southern
slopes of Mt. Cameroon in the South-West Region of
Cameroon. Limbe was known as Victoria from 1858 to 1982.
Note 3. This journal is edited by Max Hesdörfer (of
Berlin) and published by P. Parey (in Berlin).
280. Rural New-Yorker. 1903. The Division of Entomology
and Botany of the Kentucky Agricultural Experiment Station
(Lexington) will furnish free... 62(2781):377. Col. 2.4. May
16. Oversize.
• Summary: “... to a limited number of applicants cultures of
Soy bean root nodule bacteria, with directions for inoculating
seeds. Cultures will be sent by preference to those upon
whose land the nodules do not develop spontaneously, and
with the understanding that each one receiving a culture will
report results.” Address: Binghamton, New York.
281. Maiden, J.H. 1903. Flora of Norfolk Island.
Proceedings of the Linnean Society of New South Wales
28(112):692-785. Sept/Nov. See p. 702.
• Summary: Under Leguminosæ (p. 702) is a one-line
entry that reads: “29. Glycine tabacina, Benth.–New for the
Island.” Address: Govt. botanist for New South Wales and
Director of the Botanic Gardens, Sydney.
282. Fletcher, James. 1903. Report of the Entomologist and
Botanist. Annual Report of the Experimental Farms (Ottawa,
Canada). p. 169-201. For the year 1901. See p. 177, 185.
• Summary: In the section titled “The pea weevil or ‘pea
bug’ (Bruchus pisorum, Linn.) (p. 175), a table (p. 177)
shows those companies and individuals “who have taken an
active part in the discussion of the best means of remedying
the existing injury to the pea crop by the weevil.” One of
these is “Bruce, J.A., & Co., Hamilton, Ontario.”
The subsection titled “Substitute crops” (p. 185) states
that “Messrs. John A. Bruce & Co. of Hamilton, Ontario”
have handled leguminous crops... Early varieties of Soja
Bean have also given good results,...” Address: LL.D.,
F.R.S.C., F.L.S., Entomologist and Botanist, Central
Experimental Farm, Ottawa, Ontario.
283. Moore, George T. 1903. Bacteria and the nitrogen
problem. Yearbook of the United States Department of
Agriculture p. 333-42. For the year 1902.
• Summary: Contents: Introduction. How nitrogen is lost.
How nitrogen is gained. Nitrogen-fixing bacteria. Root
tubercle bacteria. Microscopic appearance of tubercles [as
seen under a microscope]. Effect of tubercles. Artificial

inoculation of the soil. Improved method of inoculation.
Distribution and methods of use of cultures.
Plate XLII (after p. 340) contains two photos: (1)
“Roots of soy bean grown in soil inoculated with organisms
from rich nitrogenous media.” No nodules can be seen on
these roots. (2) “Roots of soy bean grown in soil inoculated
with organisms from nitrogen-free media.” There are many
nodules on these roots. (Both figures reduced one-third).
Pages 336-38: “Nitrogen-Fixing Bacteria: Fortunately,
there are still other means by which nitrogen gas may
be made available for plant food, and that, too, without
requiring the introduction of a commercial product, which
must always be rather expensive, whatever degree of
perfection may be reached in the mechanical operation
of the process. Ever since the earliest days of agricultural
science it has been noticed that certain land, if allowed to
stand fallow for a considerable length of time, would gain
in nitrates without any visible addition having been made.
It is now known that one of the principal means of this
increase in nitrogen content is due to a few forms of soil
bacteria which have the power of fixing the free nitrogen
from the air and rendering it available for plant food. These
organisms have been isolated and cultivated artificially, and
great hopes were held at one time that it would be possible
to inoculate land with these cultures and thus bring about a
large increase in the nitrogenous salts without the aid of any
manure or mineral fertilizer. Under certain conditions these
bacteria seemed able to do a large amount of work, and there
are experiments on record where the crops raised from plots
inoculated with nitrogen-fixing organisms were much greater
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than crops from uninoculated land. Unfortunately, these
results were not always constant, and such a large percentage
of failures had to be reported that from a practical standpoint
the use of such cultures is now considered worthless. A
matter of such vast importance to agriculture, however,
should not be neglected simply because of first failures. It
is quite possible that as we become better acquainted with
the habits of these bacteria and learn the conditions which
are most favorable to fixing nitrogen and the causes which
prevent this operation from going on at all times, we shall
be able to discover some means of using these nitrogen
gatherers in practical farming.
“Root Tubercle Bacteria: In the meantime there is still
one other means at hand which can be used and has been
used for countless centuries as a most efficient method
of conserving the world’s nitrogen supply. Ever since the
time of Pliny and other early writers upon agricultural
topics, it has been known that certain leguminous crops,
such as clover, beans, peas, etc., did not require the same
amount of fertilizer as other plants, and indeed it seemed
as though they actually benefited the soil instead of being a
detriment. Various theories have been advanced to account
for this effect, perhaps the most widespread opinion being
that members of this family, owing to the unusual length
and strength of their root system, were able to draw upon
a store of food that was not available to wheat and corn
and other crops not belonging to the pod-bearing group.
It is only within a comparatively recent time that the real
cause of the beneficial effect of these legumes has been
fully understood, and it seems that here again the bacteria
are responsible for the nitrogen-gathering power; for it is
because these plants are able to fix and use the free nitrogen
of the air that they are of such benefit in rotation and in
reviving poor and exhausted land. The immense yields of
wheat following alfalfa or clover are easily understood
when it is realized that there has actually been added to the
soil a certain definite amount of nitrogen in such form that
the wheat can be benefited by it. Such efficient users of the
atmospheric nitrogen are clover and peas and similar crops
that they can actually live and thrive in a soil that has not
the first trace of combined nitrogen within it. If quartz sand
be ignited to red heat, thus burning out all the nitrates, and
then be planted with peas or beans, it is possible to bring
these plants to full maturity without in any way allowing a
particle of fixed nitrogen to find its way into the soil. On the
other hand, wheat or potatoes, or crops not legumes, will
die as soon as the small amount of nitrogen available from
the seed is exhausted. What is the reason for this? It can not
be merely a difference in the length or extent of the root
system, because plants flourish where it is certain there are
no available nitrates whatever. For a long time the presence
of certain peculiar nodules or tubercles upon the legumes
has been noted and speculated upon. These formations are
always present upon the roots of leguminous plants grown

under proper conditions, and may vary in size from that of
the smallest pin head, in some clovers, to a cluster as large
as a potato, as shown in Plate XXXVII, a natural-sized view
of the inoculated roots of a velvet bean plant. They have
been thought to be due to the bites of worms and insects, or
to be caused by conditions of the soil and various abnormal
climatic effects, and only within very recent years has it
been learned that these formations are due to the presence
of innumerable bacteria, and that unless these tubercleproducing bacteria exist the plant is no more able to use the
nitrogen from the air than wheat or any of the other crops
which do not have such nodules on their roots.
Microscopic Appearance of Tubercles: If a thin cross
section of one of these tubercles be examined under the
microscope it will be seen that the cells are very much larger
than in a normal root, and that almost the entire contents
have been replaced by masses of minute bacteria (Pl.
XXXVIII). These bacteria gain an entrance into the plant
through the root hairs, and may assume shapes very different
from the ordinary rods and spheres that are usually found in
this group.
Page 339: “Thus it will be seen that it is worse than
useless to attempt to grow any leguminous crop without
being certain of the presence of the bacteria which enable
the plant to fix free nitrogen. It would be much better to
fertilize heavily and attempt to raise some more profitable
crop than to introduce clover or beans or some other legume
for the purpose of enriching the soil. It can not be too
strongly emphasized that unless the tubercles are present the
leguminous crop is of absolutely no more benefit to a soil
than wheat or potatoes. While these organisms are pretty
generally distributed throughout the earth, and it is quite
possible in many parts of the country to grow almost any
leguminous crop and secure these tubercles, it is also true
that certain regions are practically devoid of the right kind of
bacteria, and that unless some artificial means of introducing
the germs be resorted to the crop will be a failure.
“Artificial Inoculation of the Soil: In the past there have
been two methods used in attempting to bring about artificial
inoculation. Naturally where a certain leguminous crop has
been grown successfully for a number of years the soil will
become tilled with tubercle organisms, and by transporting
this earth to new fields the organisms will thus become
available for forming the nodules in localities where they
previously had not existed. This was the means by which the
soy-bean organisms were brought from Japan, and there are
very few places in this country where soy is now grown that
did not receive their inoculation, indirectly at least, from the
Japanese soil.”
Note 1. This is the earliest document seen (Oct. 2018)
that contains the term “artificial inoculation” (or “artificially
inoculated”) in connection with soybeans.
“There are two serious objections to soil inoculations,
however. One is the expense, for it requires anywhere
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from 500 to 1,500 pounds of earth per acre to produce
a satisfactory growth of tubercles, and if this has to be
transported for a large farm, the cost is almost prohibitive.
There is still another and more serious objection, however,
and that is the danger of transmitting plant diseases by
this method. Several of the more serious diseases which
attack crops are readily conveyed in the soil, and there are
numerous cases on record where diseases of leguminous and
other crops have been introduced into regions previously
entirely free from them through an effort to bring about a soil
inoculation of the tubercle-forming organism. Consequently,
if any safer and cheaper method could be devised for
making these germs available, it would be most desirable”
(Continued).
Note 2. This is the earliest English-language document
seen (Oct. 2018) that uses the term “nitrogen fixing bacteria”
in connection with the roots of soybeans.
Note 3. This is the earliest document seen (Oct. 2018)
that mentions George Moore in connection with nitrogen
fixing bacteria. Address: Physiologist in Charge of Lab. of
Plant Physiology, Bureau of Plant Industry, USDA.
284. Moore, George T. 1903. Bacteria and the nitrogen
problem (Continued–Document part II). Yearbook of the
United States Department of Agriculture p. 333-42. For the
year 1902.
• Summary: (Continued, p. 340): “A few years ago certain
German investigators put upon the market a product known
as nitragin [sic, Nitragin], which purported to be a pure
culture of the root-tubercle organism. These cultures were
only adapted to specific crops, for it has been held that each
kind of leguminous plant had a special germ better adapted
to produce tubercles upon it than any other form, and for
this reason it was necessary to use one organism for clover,
another for peas, and so on. This preparation, nitragin, has
been used with varying success abroad. Some experiments
seemed to show that it was of the greatest value, while
others were complete failures in demonstrating its worth.
The failures so far outnumbered the successes, however, that
its manufacture has been abandoned, and it can no longer
be obtained. A few attempts have been made to use these
cultures in this country, and while some very satisfactory
results were obtained, the number of failures was even
greater than abroad, the varying conditions involved in
transportation and the length of time which elapsed before
the germs could be used being fatal to about 80 percent of
the material imported.
“Improved Method of Inoculation: A little more
than a year ago the investigation of these nitrogen fixing
bacteria was begun in the laboratory of plant physiology
of the Bureau of Plant Industry [USDA], with the hope of
discovering some method of artificially inoculating soils
which were devoid of the proper organisms, and of insuring
their producing the desired result. It was soon found that the

method in use by the German investigators was not adapted
to the life of the organism; that is to say, the use of rich
nitrogenous food material, such as decoctions of the host
plant, were not calculated to produce an organism which
would fix free nitrogen from the air. It was found that while
the bacteria grew luxuriantly upon such media, they became
less and less active, until eventually they lost completely
this nitrogen-fixing power. It seemed as though the large
amount of nitrates in the media upon which they were grown
made it no longer necessary to draw nitrogen from the air,
and consequently they deteriorated until they became of no
more value than the common soil forms. It has been found,
however, that by gradually reducing the amount of nitrogen
in the culture medium it is possible to greatly increase the
nitrogen-fixing power of these germs, and that by proper
manipulation their activity may be increased from five to
ten times that which usually occurs in nature. Practical field
experiments have shown that of two cultures, one grown
on nitrogen-free media and the other on a medium rich in
nitrates, the first will produce abundant tubercles, while the
latter will be absolutely worthless and fail to produce a single
nodule. (See Pl. XLII.)
“Distribution and Method of Use of Cultures: Having
secured an organism which was able to fix such a large
amount of nitrogen, it was necessary to devise some means
of preventing this property from being lost, as well as to
enable the cultures to be distributed in sufficient quantity to
be of some practical use. It is now known that the bacteria,
when grown upon nitrogen-free media, will retain their high
activity if they are carefully dried out and then revived in
a liquid medium at the end of varying lengths of time. By
using some absorbent which will soak up millions of the
tubercle-forming organisms and then by allowing these
cultures to become dry the bacteria can be sent to any part
of the United States, or the world for that matter, and yet
arrive in perfect condition. Of course, it is necessary to
revive the dry germs by immersion in water, and with the
addition of certain nutrient salts the original number of
bacteria is greatly increased if allowed to stand for a short
time. Frequently twenty-four hours are sufficient to cause
the water in a pail to turn milky white with the number
of organisms formed in that time. Thus, by sending out a
dry culture, similar to a yeast cake and no larger in size,
the original number of nitrogen-fixing bacteria may be
multiplied sufficiently to inoculate at least an acre of land.
The amount of material thus obtained is limited only by the
quantity of the nutrient water solution used in increasing the
germs. It is evident, therefore, that the cost of inoculating
land is very small. The principal cost is in obtaining the
organisms, but the methods perfected by the Department
of Agriculture, now make it possible to produce these at a
comparatively small cost. Special facilities for increasing the
culture on a large scale are being provided.
“The way in which this liquid culture may be introduced
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into the soil varies somewhat with the character of the seed
to be used and the area of the field to be treated. With large
seed it is often more convenient to simply soak them in the
fluid and then after they are sufficiently dry to sow them in
the ordinary way. In other cases it is frequently more feasible
to introduce the liquid culture directly into the soil. This may
be done by spraying, or perhaps a simpler method is to mix
the culture thoroughly with a wagonload of earth and then
to distribute and harrow this in just as a fertilizer would be
handled. Inoculations of this character have been tried on a
large scale in practical field experiments, and the results have
been so satisfactory that the Department of Agriculture will
probably soon be able to begin the introduction of cultures
into such localities as are now deficient in tubercle-forming
germs. It should he borne in mind that such inoculations
are usually not necessary in soil that is already producing
tubercles. While the introduction of fresh organisms will
generally considerably increase the number of nodules, the
effect upon-the crop is not appreciable, and it is hardly worth
the expenditure of time and labor necessary to make the
inoculation. Wherever legumes that fail to produce tubercles
are being grown, however, or in those localities where the
soil is so poor that legumes will not grow and because of the
lack of the proper organisms they can not make a start, every
effort should be made to get the bacteria into the soil.”
Photos show: (37) Tubercles of velvet bean produced
by inoculation. (38a) Cross section of tubercle of Lupinus
angustifolius containing bacteria; magnified 46x. (38b)
Cross section of one lobe of lupine tubercle containing
bacteria; magnified ca. 80x. (39a) A few cells from plate
38 mangnified to show the bacteria; four cells with nuclei;
magnified 1000x. (39b) Branching forms of clover tubercle.
(39c) Rod forms of fenugrec [sic, fenugreek] tubercle;
magnified 2000x. (40) Comparison of two vetch plants
grown upon inoculated and uninoculated soil; reduced about
one-third. (41) Vetch field showing effect of inoculation on
left and right sides. (42a) Roots of soy bean grown in soil
inoculated with organisms from rich nitrogenous media [no
tubercles]. (42b) Roots of soy bean grown in soil inoculated
with organisms from nitrogen-free media [many tubercles].
Address: Physiologist in Charge of Lab. of Plant Physiology,
Bureau of Plant Industry, USDA.
285. Prain, David. 1903. Bengal plants. Vol. 1. Calcutta &
London: Printed by West, Newman & Co. 663 p. See p. 392.
19 cm. Reprinted in about 1963 by the Botanical Survey of
India, Calcutta. [2 ref]
• Summary: The author first gives a botanical description
of plants in genus 238, Glycine Linn. Then he discusses
the soybean: “509. Glycine hispida Maxim. G. Soja F.B.I.
[Hooker’s Flora of British India] ii. 184, not of Sieb & Zucc.
Dolichos Soja F.I. [Roxburgh’s Flora Indica] iii. 314. W.
Bengal, cultivated occasionally. A suberect annual. Beng.
[Bengali] Gari-kalai; Hind. [Hindi] Bhat, ram kurthi; Santal.

Hende disom horec’, pond disom horec’.”
Note: This is an early clear reference to the cultivations
of soybeans in Bengal, which may have been part of
Bangladesh after 1971. Address: Calcutta, India.
286. Rodway, Leonard. 1903. The Tasmanian flora. Hobart,
Tasmania: John Vail, Government Printer. xix + 320 p. See p.
30-31, 37. Plates. 24 cm.
• Summary: Under “Order XXV. Leguminosæ” (p. 30-31) it
is noted that the genus Glycine has bluish flowers in axillary
racemes. Under the genus Glycine (p. 37), the author notes
that this is a tropical and sub-tropical genus, differing from
neighboring genera in little but habit. The main species listed
is Glycine clandestina Wendl., “A small twining herb-like
undershrub, of few inches to 1½ foot.” A brief botanical
description is given. It was also known as Leptocyamus
clandestinus, B. “Common in central and northern grassy
bush; also throughout Australia. Flowers in December. Var.
latrobeana. Flowers rather larger and more crowded. L.
tasmanicus, H.”
Rodway lived 1853-1936. Address: Government
Botanist of Tasmania.
287. Kastle, J.H.; Elhove, Elias. 1904. On the reduction
of nitrates by certain plant extracts and metals, and the
accelerating effect of certain substances on the progress of
the reduction. American Chemical Journal 31(6):606-41.
June.
• Summary: This article begins: “The fact that both higher
and lower plants are able to construct proteids out of nitrates
naturally suggests that the nitrates must suffer a gradual
reduction in this phase of nitrogen metabolism. It has been
observed that certain plants, such as the tobacco, contain
so much nitrate in their leaves that this crystallizes out on
drying, and the writers of this communication have obtained
excellent tests for nitrite on several specimens of air-dried
tobacco. Whether this nitrite is of bacterial origin or results
from reducing changes naturally occurring in the leaf itself
we have not yet been able to determine. Indeed, chemists
seem to be divided in opinion as to whether nitrites ever
occur in the living plant.”
Table 12 (p. 627, with 3 columns) lists the name of the
plant, part of the plant tested and the amount of nitrite in
milligrams. The time was one hour and the temperature was
40ºC. For the “Soy bean (Glycine hispida)” the leaves were
tested; no nitrite was found.
Note: Only two plants were found to contain nitrate:
The potato (tuber), egg plant (fruit), and potato (sprouts,
etiolated). Both of these plants are from the nightshade
family–as is the tomato. Address: 1. State College of
Kentucky, Lexington, Kentucky; 2. Research Asst., Carnegie
Institution, Washington, DC.
288. TenEyck, A.M. 1904. The roots of plants. Kansas
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Agricultural Experiment Station, Bulletin No. 127. p. 197252. June. (Issued March 1905). See p. 222-23, 245-46.
• Summary: The section titled “Soy-bean roots” (p. 22223) states: “The sample of soy-bean roots shown in plate 17
was taken August 14, fifty-five days after planting, just as
the pods were beginning to form. This is the Early Yellow
variety...” The root development was very meager. Some
roots reached a depth of about 2½ feet, but there was a very
small and short lateral growth at this time. Then 83 days after
planting: “The root system is not extensive, the bulk of the
roots being between four and twelve inches from the surface.
No tubercles were found on the roots of these plants.
“The small root growth of soy beans indicates that the
crop should be planted thicker than is the usual practice,
in order to get the largest production from the land; also,
since this is a legume crop, which, with the required bacteria
present, takes its nitrogen from the air, a thicker growth of
plants would leave more roots in the soil, and hence a greater
supply of humus and nitrogen for the use of succeeding
crops. Such tests as have been made at this station indicate
that the soy bean is not a great exhauster of soil moisture.”
Photos show: (1) Soy-bean roots, fifty-five days after
planting (p. 245). (2) Mature soy bean plants and their roots
(p. 246). Address: B. Agr., Agriculturist.
289. Grosvenor, Gilbert H. 1904. Inoculating the ground: A
remarkable discovery in scientific agriculture. Century (The)
magazine 48(6):831-39. Oct. New Series.
• Summary: This popular article describes a new discovery
by Dr. George T. Moore of the USDA Laboratory of Plant
Physiology. He devised a method of distributing nitrogenfixing bacteria in a dry state on absorbent cotton. The article
aroused widespread interest in “vestpocket fertilizer.”
“If one digs up a healthy bean or clover plant and
examines the roots, he will see a number of rounded bulbs,
called nodules or tubercles, on the roots... All legumes have
these nodules or tubercles, varying in size from a pinhead to
clusters as large as a good-sized potato. Scientists noticed
that plants with good-sized nodules flourished, while plants
without nodules or with very small ones looked starved and
withered, and they concluded that the nodules must have
something to do with the vigor of the plants. On dissecting
a bulb and examining it under a microscope, it was found to
be packed with bacteria (see figures). Further examination
showed that it, and all nodules, consisted of millions of
bacteria and that these bacteria were incessantly absorbing
free nitrogen from the air and converting it into forms
suitable for the plant’s digestion.
“For want of a better term, we will call the germs
nitrogen-fixing bacteria.”
“One might thus define a tubercle as a little factory
where millions of tireless, infinitesimal workers are
separating the nitrogen in the air and converting it into plantfood. A celebrated German, Professor Nobbe of Tharandt,

realized that if he could put into barren ground some of these
organisms, or if he could artificially present the seeds with
power to develop tubercles of themselves, he could make
legumes grow in the most hopeless soil.
“After much labor he isolated the nitrogen-fixing
bacteria. He succeeded in breeding and colonizing the germs,
and the proceeded to put them on the market. He advertised
them widely as able to make legumes grow in the poorest
soil. Naturally the announcement made a great sensation,
and farmers from all quarters of the globe wrote him for
sample bacteria. He sold different preparations for different
crops, putting them up in bottles and calling them Nitragin.
But the bacteria did not work the miracles promised. Seeds
inoculated with them failed to develop tubercles. A few
persons, to be sure, obtained wonderful results, but the
vast majority of cases were complete failures. The bacteria
burned themselves out and disappeared without producing
a single nodule on the plants. They lacked permanence. The
Nitragin was withdrawn from the market.
“These two men had done a great service to mankind:
one had solved the problem of why certain plants enriched
instead of drained the soil–he had isolated the microscopic
agents, the myriads of organisms which carry back to mother
earth what others had stolen; the other had shown that man
could breed as many of these little helpers as he desired, but
he had not been able to give them permanence, so that men
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could get service from them.
“At this point the inventive genius of an American,
Dr. George T. Moore, came to the rescue, and saved the
discovery by giving it just the practical value it had lacked.
Dr. Moore is in charge of the Laboratory of Plant Physiology
of the Department of Agriculture, and a widely known
practical botanist. He had been watching Dr. Nobbe’s
experiments and had come to the conclusion that Dr. Nobbe
did not cultivate his nitrogen-fixing bacteria in the right
way. The German’s method of rearing his germ colonies
resembled that of a rich father who gives his son everything
he asks for without making the boy work for anything. As
a result, when the youth is thrown on his own resources,
he proves unable to earn his own living, and collapses.
Similarly, Dr. Nobbe, instead of developing the natural
inclination and ability of his bacteria to hunt out nitrogen
for themselves, dulled and destroyed this ability by giving
them large quantities of nitrogen food, in what we might call
predigested form; he so satiated them with nitrogen that they
lost their ability to hunt for it themselves, and, when turned
out of the laboratory, were helpless. They soon consumed the
store of nitrogen which they had received, but could not by
themselves get any more. Their nitrogen-fixing ability was
gone, and they perished.
“Dr. Moore decided not to dull the appetite of the
nitrogen-fixing bacteria by giving them all the nitrogen they

wanted; he thought he would whet their appetite, he would
strengthen their nitrogen-fixing power, by exercise, by giving
them in their food just enough nitrogen to make them want
more and to make them strive to get more by their own
efforts. By following this principle of feeding he developed
a permanent type of bacteria in his laboratory, possessing
five or ten times more power to fix free nitrogen than the
original germs had possessed. The bacteria had gained
strength, vigor, and self-reliance, and, when turned out of
the laboratory, prospered like all healthy bacteria. Legumes
inoculated with the bacteria developed great tubercles and
grew to great size even in the poorest soil (see Fig. 3).”
“Naturally, Dr. Moore patented his discovery, but then
he did a very unusual thing–he deeded the patent to the
Department of Agriculture in trust for the American people.
To be sure, his discovery had been made in the government
laboratories, but the government, neither morally nor legally,
could claim any share in the discovery. It was indisputably
his, Dr. Moore gave the patent to the people in order that all
might have the free use of it. Doubtless he could have made
a generous fortune if he had formed a company and exploited
the patent, as the German company made a good profit from
the unreliable Nitragin, which they sold at a dollar a bottle.
A simple method of distributing the germs that bring fertility
having thus been found, the announcement was made that the
Department of Agriculture was prepared to send applicants
free of charge enough inoculating material for several acres.”
“The same bacteria that increase the harvest of beans
or clover or alfalfa tenfold enable the plants to leave many
times more nitrogen in the soil than they would have done
if uninoculated; in other words, they make the soil many
times more fertile, so that the crop of cotton or wheat or corn
or potatoes is many times larger. Thus the rotating crop the
year following inoculation derives an equal benefit from
the inoculation. For instance, a crop of crimson clover, not
inoculated, added to one acre of land 4.3 lb of nitrogen; a
crop of crimson clover, inoculated, added to one acre of
precisely similar land 143.7 lb of nitrogen, an increase of
33.5 times; a crop of inoculated hairy vetch added to one
acre 15 times more nitrogen than a crop of uninoculated
hairy vetch.
“Cotton planted after an inoculated crop of red clover
gave an increased yield of 40%. Potatoes, after an inoculated
crop, yielded an increase of 50%. The wheat crop increased
by 46%, the oats 300%, and the rye 400%. The table below
shows the effect of inoculated legumes on various crops.”
Photos show: (1) The roots of two soy-bean plants from
the field. The one on the right has many root tubercles; the
one on the left has none (p. 835). (2) A portrait photo of
George P. Moore (p. 837).
290. Moore, George T. 1905. Soil inoculation for legumes;
with reports upon the successful use of artificial cultures by
practical farmers. USDA Bureau of Plant Industry, Bulletin
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No. 71. 72 p. Jan. 23. See p. 1-46, 67-68, 71-72 + 10 plates.
[65 ref]
• Summary: From the earliest days of agriculture it has been
recognized that all plants belonging to the Leguminosae had
a decidedly beneficial effect upon the soil. Pliny (A.D. 2379), the Roman scholar, wrote: “The bean ranks first among
the legumes. It fertilizes the ground in which it has been
sown as well as any manure” (p. 12). From the early 1800s
on there was a great diversity of opinion concerning both the
cause and the effect of root nodules of legumes.
Nobbe in Germany isolated a pure culture of nodule
forming bacteria from the nodules and grew them in
tubes or bottles containing nutrient agar. This culture was
given the trade name Nitragin. Seventeen different kinds
of Nitragin were prepared from the nodules of as many
different plants, and marketed by a well known German
firm of manufacturing chemists. Experiments with Nitragin
in Germany met with varying degrees of success. In this
country the results obtained by Prof. J.F. Duggar using hairy
vetch at the Alabama Experiment Station in 1896 and 1897
were very satisfactory, but certain other investigators were
not able to secure inoculation.
W.M. Munson at the Maine Agricultural Experiment
Station reported in 1897 and 1898 of having fair success
in inoculating soybeans with Nitragin, but he failed to get
satisfactory results with other legumes. His results did not
warrant the recommendation of the use of Nitragin for a
leguminous crop. A major problem with Nitragin was that it
lost its viability quickly (p. 21). “The percentage of failures
in its usage was so great that its manufacture was given up,
and it is no longer for sale under that name... For this reason
the Laboratory of Plant Physiology of the [U.S.] Department
of Agriculture undertook a scientific investigation of the
root-nodule organism, and as a result it is believed that a
thoroughly practical and satisfactory method of bringing
about artificial inoculation has been devised” (p. 22).
Table 1, titled “Number of packages of inoculating
material (or inoculated seed) distributed from November,
1902, to November, 1904...” (p. 42-43), lists the following
under “Bean, Soy”: Alabama 10, Alaska 0, Arizona 0,
Arkansas 2, California 3, Colorado 0, Connecticut 4,
Delaware 0, District of Columbia 0, Florida 1, Georgia 4,
Hawaii 2, Idaho 1, Illinois 36, Indiana 16, Indian Territory
0, Iowa 9, Kansas 10, Kentucky 9, Louisiana 0, Maine 1,
Maryland 7, Massachusetts 11, Michigan 10, Minnesota 1,
Mississippi 1, Missouri 13, Montana 0, Nebraska 3, Nevada
0, New Hampshire 2, New Jersey 2, New Mexico 0, New
York 30, North Carolina 11, North Dakota 0, Ohio 25,
Oklahoma 4, Oregon 3, Pennsylvania 17, Philippine Islands
0, Porto Rico 1, Rhode Island 3, South Carolina 1, South
Dakota 2, Tennessee 5, Texas 2, Utah 0, Vermont 2, Virginia
48, Washington (state) 3, West Virginia 6, Wisconsin 11,
Wyoming 0. Foreign countries: Australia 2, British Guiana 0,
Canada 1, Costa Rica 1, Cuba 2,... South Africa 2. Total: 391.

The next section, titled “Reports” (p. 44), begins:
“While it has been impossible to receive reports from all
experimenters, the percentage of replies has been unusually
large and is quite sufficient to enable the formation of a fair
opinion as to the value of the cultures distributed. Table II,
“Reports of experiments with principal crops” (p. 45), shows
the following for soy bean: Total reports: 129. Inoculation
resulting in definite increase of crop: 54. Failures definitely
ascribed to bad season, poor seed, weed growth, etc.: 22. No
increase in crop; organisms already present in the soil: 11.
No evident advantage from inoculation; nodules not formed:
42. Percentage of failure: 43%.
After discussing the nature of the organism, the author
lists farmers in the following areas who have used the
“artificial culture” successfully to inoculate soybeans: Rash,
Alabama; Gainesville, Georgia; Napoopoo, Hawaii (Gordon
Glore–Inoculation successful. Increased growth of plant and
abundance of root nodules); Winchester, Kentucky; Bynum,
Maryland; Marionville, Missouri; Dome, North Carolina;
Guys Mills, Pennsylvania; Spring City, Tennessee; and seven
towns in Virginia (p. 67).
The author states that alkaline nitrates in the proportion
of 1 to 10,000 are sufficient to prevent the formation of
nodules. Photos show: (1) Package of inoculating material
for sufficient for four acres of alfalfa, with a letter titled
“Directions for using inoculating material,” from the U.S.
Department of Agriculture, Bureau of Plant Industry. (2)
Effect of rich nitrogenous soil upon formation of nodules of
soy beans; few nodules. Same culture and seed used as in
Plates 3 and 4. (3) Effect of poor sandy soil upon formation
of nodules of soy beans; more nodules. (4) Effect of poor
clay soil upon formation of nodules of soy beans; many
nodules. Conclusion: Soybeans grown in a poor sandy soil
or in a poor clay soil have a greater number of nodules than
plants grown in a rich nitrogenous soil. He states also that
fully as striking differences might be shown in a soil in
which the moisture or the acidity or the air supply varies,
and that the application of calcium or magnesium will act
differently on nodule production depending on whether the
plant grows under acid or alkaline conditions.
Note 1. This is the earliest document seen (March 2021)
that clearly refers to the cultivation of soybeans in Hawaii.
They may have been grown there in 1900, at which time one
variety was introduced to the USA from Hawaii. By about
1904-05 the Yamajo Soy Co. had introduced soybeans to
Kona, a district on the Big Island of Hawaii, where it was
growing them among the rows of coffee trees and using the
mature soybeans to make Japanese-style soy sauce (shoyu).
Note: 2. This is the earliest document seen (March 2021)
concerning soybeans in connection with West Virginia. Since
6 packages of soybean inoculating material (or inoculated
seed) were sent to West Virginia from November, 1902, to
November, 1904, its seems very likely that soybeans were
in West Virginia and being cultivated there by 1905–but we
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cannot be sure.
Note: 3. This is the earliest document seen (March
2021) concerning soybeans in connection with Oregon.
Since 3 packages of soybean inoculating material (or
inoculated seed) were sent to Oregon from November, 1902,
to November, 1904, its seems likely that soybeans were in
Oregon and being cultivated there by 1905–but we cannot be
sure.
Note: 4. This is the earliest document seen (March
2021) concerning soybeans in connection with Cuba. Since
2 packages of soybean inoculating material (or inoculated
seed) were sent to Cuba from November, 1902, to November,
1904, its seems likely that soybeans were in Cuba and being
cultivated there by 1905–but we cannot be sure.
Note: 5. This is the earliest document seen (March 2021)
concerning soybeans in connection with Costa Rica, or with
Central America. Since 1 package of soybean inoculating
material (or inoculated seed) was sent to Costa Rica from
November, 1902, to November, 1904, its seems likely that
soybeans were in Costa Rica and being cultivated there by
1905–but we cannot be sure.
Note 6. This is the earliest document seen (March 2021)
concerning interest in nitrogen fixation on soybeans in
Africa, or in Latin America. Address: Physiologist in Charge
of Lab. of Plant Physiology.
291. Pinolini, D. 1905. Della soia [On the soybean]. Italia
Agricola (L’): Giornale di Agricoltura 42(12):276-78. June
30. [7 ref. Ita]
• Summary: Botanical Characteristics: The soybean (Soia)
belongs to the large natural family of the legumes. It has a
stem that is hairy and very stiff which can grow to a height
of a meter and more. The leaves–which are of a lovely green
color, are formed by three broad leaflets that are oblong and
cordiform, and of which the central one is always the best
developed–are borne by a long petiole. The flowers–which
are rather small, of a white or blue or purple color, depending
upon the variety–are joined together into short racemes along
the axils of the leaves. The seeds, which are globose and of
various colors, are closed up, in numbers from two to five, in
prickly and hairy pods.
It has received different scientific names. Linnaeus, in
his work Species plantarum, called it Dolichos soia, and
Jacquin gave it the same name in his Icones plantarum
rariorum. Bentham and Hooker ascribed it to the genus
Glycine, calling it Glycine soia. Moench, in his Methodus
plantorum horti botanici et agri Marbugensis [sic, Methodus
plantas horti botanici et agri Marburgensis], carried out a
particular study of it and, not finding in it sufficient traits to
classify it among Dolichos or among Phaseolus and much
less among Glycine, made of it a separate genus, calling
it Soia hispida [sic–Soja hispida], a name which quickly
became universalized and came to be adopted by all. Savi, in
a publication that appeared in 1824, called it Soia japonica

[sic–Soja japonica].
Origin
It is an exotic plant originating from the Asian regions:
China, Japan, and Mongolia, in which it has been cultivated
for centuries and constitutes one of the food materials of
maximum importance.
The first one to introduce it to Europe was the celebrated
traveler and naturalist Kaempfer, who died in 1716 in
Westphalia. In his work Amoenitatum exoticarum politicophysico-medicarum (fasciculi quinque), he cites this plant,
known in Japan by the name Daisdu, and he describes it
this way: “It grows with a stem that is ramose, irregular,
hairy, and with leaves that are similar to those of the bean,
having hairs that are coarser on the lower pagina [i.e., on
the lower surface of the leaf]. In August, its flowers emerge,
joined above a single peduncle, with a light purple color,
extremely small, analogous to those of the lentil. The pods
are numerous, with a length of approximately two inches,
having long, coarse hairs, and they are similar to those of the
lupine (the variety with the yellow flower). They contain two
seeds, rarely three, similar in shape, volume, and taste to the
common pea.”
In France, it came to be introduced through the work of
missionaries who sent some seeds to Buffon–who at the time
was the director of the Plant Garden (Giardino delle Piante)
[Georges-Louis Leclerc, Comte de Buffon, director of the
Jardin des plantes] in Paris–who cultivated it and obtained an
abundant yield.
In England, it appeared a few years before it did in
France, but it was cultivated only for the simple purpose of
curiosity.
In Italy, it made its appearance toward 1840 and was
tested, with success–at least, to my knowledge–in the area
around Verona, along the Lombardy coast of Lake Maggiore,
in the area around Mantua, and in the area around Lucca, but
only in such small quantities as to have to be considered that
it was cultivated more as a rare plant or as an ornamental
plant, and thus in the garden, than as a vegetable of true
agricultural interest.
Toward 1850, Professor Inzenga carried out some
experiments on the cultivation of this legume. And in the
Annali dell’Agricoltura Siciliana del 1857 [Annals of
Sicilian Agriculture of 1857], he published the results that
he had obtained, concluding, however, that, “The soybean
is disgusting and useless as a bean, nor is it suitable as an
oleiferous plant.”
Prof. Berti-Pichat, in his Trattato di agricoltura [Treatise
on Agriculture] contents himself only with classifying it
among the black-eyed peas [fagiuoli dall’occhio], calling it
Dolichos soia or a coffee-like bean [fagiuolo da caffé], and
he does not occupy himself with it any further, considering it
to perhaps be a plant of the most secondary importance.
With regard to the other writers who lived during that
period and who occupied themselves in particular with
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agriculture, there is no one else who made mention of it, and
thus it is to be considered that the soybean was a plant that
was cultivated out of simple curiosity in various botanical
gardens. Starting in 1885, the Acclimatization Society of
Paris distributed a large quantity of soybean seeds free of
charge so as to have the results from every point in France of
experiments that were carried out, of the cultivations that had
been completed, and so as to be able to then establish with
complete precision the best conditions for its development
and end profit.
As early as 1860, the Hungarian Ministry of Agriculture
published practical instructions for the cultivation of the
soybean and it was circulated by distributing thousands of
copies of it free of charge among the agricultural class up to
the point that they could cultivate it in a useful manner and
then utilize it in the best way.
Back in 1880, the [Italian] Royal Minister of
Agriculture, Industry, and Commerce [Reale Ministro di
Agricoltura, Industria e Commercio] sought to promote its
cultivation in the various regions of Italy by distributing
small quantities of seeds to the numerous Agricultural
Committees [Comizi Agrari] of the kingdom. But the efforts
came to very little because the various cultivators who
experimented with it and who, so to speak, satisfied their
curiosity did not arrange for anything else, did not seek to
extend its cultivation or to profit from its good qualities and
the advantages that it could have brought to our agriculture.
And even today–and we have to say this with our intense
displeasure–this legume and the many benefits that it could
bring to our agriculture has not increased its importance to
the slightest degree, but rather the contrary could be said;
while in France and elsewhere, the cultivation of the soybean
is expanded every year, making itself more and more
important, occupying that position which it is justly due
(Continued). Address: Italy.
292. Pinolini, D. 1905. Della soia [On the soybean
(Continued–Document part II]. Italia Agricola (L’): Giornale
di Agricoltura 42(12):276-78. June 30. [7 ref. Ita]
• Summary: (Continued):
Varieties
In its places of origin, the soybean has given rise to
numerous varieties.
In Vienna, Prof. Haberlandt experimented with around
twenty of them, having been purchased at the Universal
Exposition [l’Esposizione Universale–the World Exposition]
of 1873 or else sent from China and Japan.
The Food Society of France (Società d’alimentazione di
Francia) has cultivated a full 28 varieties of them.
The varieties that are the most cultivated in Europe and
which have provided the best results are:
1. The yellow soybean or oil bean (Soja hispida aurea),
very early, it flourishes excellently in our soils, it provides
an abundant yield. Both the leaves and the stem have a light

green coloration, with hairs that are not very long or dense.
The flowers are of a pale purple color and the seeds, closed
up in short pods, are small, globose, and of a fine yellow
color.
2. The black soybean or coffee-like bean (fagiuolo da
caffè) (Soja hispida nigra) has leaves of a dark green color.
The hairs are very dense in whatever part of the plant they
are observed, they are long and coarse. The flowers have a
purple coloration. The seeds, of a brown color, are of a size
that is bigger than those of the preceding variety. It is the
variety that is perhaps the most rustic (rusticano) and that is
capable of achieving the greatest development.
3. The early soybean (Soja hispida precox), so named
because it brings its pods to maturity before the others,
is rather productive but it requires good exposures, since
it can suffer from spring frosts. It is very similar to the
yellow variety, from which it is differentiated by its lesser
development.
4. The green soybean (Soja hispida viridis) has
yellow flowers and seed that are smaller than those of the
other varieties. It provides a good yield and is very rustic
(rusticano).
5. The white soybean (Soja hispida alba), cultivated
with great profit in Bohemia. It is confused by many with the
white string bean (fagiolina bianca) (Dolichos catiang alba),
even though it has differences that are not unimportant in the
development of the stem, in the coloration of the flowers, and
in the shape of the seed.
6. The Étampes soybean, which is justly prized in
France for its big yield and for its noteworthy development.
According to several agronomists, it ought to be a derivation
of the yellow variety.
7. The crescent-shaped soybean (Soja hispida lunata),
called this way because of a dark coloration that the seed has
at the hilum and because of the fact that it has the shape of a
scythe, distantly reminiscent of the shape of a quarter moon.
It has bluish flowers and is rather productive.
8. The late soybean (Soja ispida serotina [sic–Soja
hispida serotina]), called this way because it brings its seeds
to maturity later than the other varieties. It is recommended
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for its great development of leaves and foliage.
9. The variegated soybean (Soja hispida diversa), called
this way because of the small dark markings that exist on the
seed. It is very productive but not very rustic (rusticana).
10. The early Podolia soybean (Soia precoce di
Podolia), noteworthy for its development and for the size
of its seeds, which have a brown coloration. It is one of the
preferable varieties, provided that the location in which it is
cultivated is not subjected to late frosts.
11. The reddish-brown soybean (Soia rosso bruna) is
not cultivated very much, even though it has fairly good
development and is capable of providing a good yield.
The different varieties are distinguished not only by the
development of the leaves, by the color of the flowers, and
by that of the seeds, but rather by the size of the seeds and
by the number of seeds contained in one kg: a number that
varies between seven thousand and twelve thousand. We
shall speak about the cultivation in a later edition.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. Illustrations (line drawings; facing p. 276)
show three different full-size views of the soybean plant,
including: (1) Plant with roots. (2) Stem, leaves and pods. (3)
Stem and pods.
Note 3. This document apparently contains the earliest
date seen for soybeans in Hungary, or the cultivation of
soybeans in Hungary (1860). The source of these soybeans
is unknown. This date seems too early–being 16 years before
Friedrich Haberlandt (of Vienna) sent soybeans to Hungary
to be tested.
Note 4. This is the earliest Italian-language document
seen (Sept. 2020) that uses the term fagiole de café [coffee
bean] to refer to the soybean.
Note 5. This is the earliest Italian-language document
seen (Sept. 2020) that mentions the soybean in connection
with coffee. Address: Italy.
293. Brown, H.T.; Escombe, F. 1905. Researches on some
of the physiological processes of green leaves, with special
reference to the interchange of energy between the leaf and
its surroundings. Proceedings of the Royal Society, B. 76:29112. *
294. Burtt-Davy, Joseph. 1905. Report of the government
agrostologist and botanist for the year ending June 30th,
1904. Transvaal Department of Agriculture, Annual Report.
p. 261-320. For the year 1903-04. See p. 263, 270-71, 274. 1
plate. Reprinted in part in the Rhodesian Agricultural Journal
3(4):354, 364 (1906).
• Summary: The author, an early advocate of soybeans in
Africa, arrived in the Colony on 1 May 1903. Writing on
26 Oct. 1904 he notes: “The year has been principally spent
organising the work of the Division, and travelling over
the country to meet farmers and study the conditions and

needs of the various districts. For the first 6 months I had no
assistants, therefore it was impossible to fully develop any
one branch.”
A non-original illustration of the Soy-bean (p. 270)
shows the stem and leaves, plus individual close-ups of a
flower, several pods, and the root system with nodules. The
artist’s initials appear to be A.M.H.
Section 2, titled “Hay, silage, and soiling crops” (p.
271) begins: “The warm rains of the Transvaal summer are
particularly favourable to a rank and rapid growth of summer
crops.” A subsection on “The soy-bean (Glycine hispida)”
(p. 274) states: “An American variety known as the southern
soy-bean gave excellent results on the Springbok Flats; the
seeds were sown December 10th [1903], in drills 3 feet apart;
the return was 70 lbs. of seed from 5 lbs. sown. If cut from
the time of flowering until the pods are half formed, it makes
good and nutritious hay. It is cut with a scooter or V-shaped
plough, as the stems are too woody to be mowed with an
ordinary machine. The crop can be turned into good ensilage,
if cut when the seed is nearly ripe; its principal value lies,
however, in the dried bean, which is used in conjunction
with maize for fattening stock. Of all legumes in cultivation,
the soy-bean is only exceeded by the ground-nut in amount
and digestibility of its food constituents; it is especially rich
in fats and nitrogenous compounds, in fact, it is one of the
richest of concentrated foods. It is useful for bringing up the
quality of poor soils.”
Note 1. Springbok Flats in the Transvaal Province is
not a particular town, but an area located between the towns
of Warmbaths, Hammanskraal, Groblersdal, Marble Hall,
Immerpan, Naboomspruit and Nylstroom. It is roughly an
oval flat area.
Note 2 This is the earliest document seen (June 2021)
that mentions the use of a “plough” (“a scooter or V-shaped
plough”) for soybean production. Address: Government
Agrostologist and Botanist, Div. of Botany, Pretoria, South
Africa.
295. Duthie, John Firminger. 1905. Flora of the upper
Gangetic plain and of the adjacent Siwalik and subHimalayan tracts. Vol. I, part 1. Ranunculaceae to
Campanulacae. Dehra Dun, India: M/s. Bishen Singh
Mahendra Pal Singh; Delhi, India: M/s. Periodical Experts.
500 p. + v. See p. 231-32. 19 cm. [6 ref]
• Summary: In the section on “Leguminosæ” we read (p.
230-31): “20. Glycine, Linn.; Fl. Brit. Ind. ii, 183 [Hooker,
Joseph D. 1879. The Flora of British India. Vol. 2, p. 183].
“Twining or suberect herbs... Species about 15, spread
through the tropics of the old world, also in Australia.
“G. Soja, Benth, in Journ. Linn. Soc. viii, 266: F.B.I. ii,
184 (not of Sieb. & Zucc.) G. hispida, Maxim.; Watt E.D.;
Field & Gard. Crops iii, 3, t. 85; Prain in Journ. As. Soc.
Beng. LXVI (1897), 403. Soja hispida, Moench.; W.&A.
Prod 247. Dolichos Soja, Linn.; Roxb. Fl. Ind. [Roxburgh’s
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Flora Indica] iii, 314; DC. L’Orig. Pl. Cult 264. Vern.
[Vernacuar] Bhat. (Soy bean, Japan pea).
“An annual, with stout suberect or climbing stems,
densely clothed with fine rusty-coloured hairs. Leaves
3-foliolate, long-petioled; leaflets 2-4 in. long, ovate, usually
acute. Racemes sessile, few-flowered. Calyx ¼ in., densely
hairy; teeth long, setaceous. Corolla reddish-purple, not
much exserted [sic]. Pods 2-3 in the axils of the leaves,
1½-2 in. long, linear-oblong, recurved, densely pubescent,
subtorulose, 3-4 seeded.
“Sparingly cultivated within the area, and confined
to a few of the Sub-Himalayan districts. It is grown more
extensively on the lower slopes of the Himalaya up to 6,000
feet, from the Punjab eastwards; also in Bengal, on the
Khasia, Manipur and Naga Hills, and in Burma, but nowhere
in India has it been found truly wild. De Candolle considered
the plant to be a native of Cochin China, Japan and Java at
the time when the ancient inhabitants of that region began to
cultivate it, and to use it as food. As grown within the area
of this flora, and in other parts of India, it represents a very
inferior form of soy bean. It is a rainy-season crop, and is
usually sown in very poor land. Under proper cultivation
the chemical composition of the bean shows it to be the
richest of all the pulses in albuminoids and oil. In China and
Japan various preparations are made from it, including soysauce, which is largely exported from those countries. The
plant affords very excellent fodder for all kinds of stock, if
harvested before it is fully matured.” Address: B.A., F.L.S.,
Formerly Director of the Botanical Dep. of Northern India.
296. Butz, George C. 1906. A test of commercial cultures
for legumes. Pennsylvania State College. Agricultural
Experiment Station, Bulletin No. 78. 13 p. July.
• Summary: “Introduction: The beneficial effects of
growing leguminous crops upon farm land by increasing
the fertility of the soil have been known to scientists and
farmers for many years, but a scientific explanation of
the fact was not made until 1886, when Helriegel [sic,
Hellriegel], at a meeting of scientists at Berlin, asserted
that legumes unquestionably obtained nitrogen from the
atmosphere and thereby increased the nitrogen supply in
the soil. This discovery was supplemented two years later
when, with Wilfarth, he demonstrated that nodules upon
the roots of legumes were essential agents in helping the
plants to obtain nitrogen from the air. These nodules had
been observed by botanists and other writers upon plant
life and various opinions were expressed as to their cause,
nature and function, but the first to discover bacterial life in
these swellings was Woronin who, in 1866, advanced the
theory that the minute organisms he found were the cause
of the nodules. Subsequently the investigations of Lawes
and Gilbert in England, Atwater and Woods in America,
and many others, have verified the observation made by
Helriegel, Wilfarth and Woronin. Atwater and Woods were

the first to demonstrate by sand culture of vetch that these
plants will thrive in a nitrogen-free medium if inoculated
with the nodule-forming bacteria, but will die early if not
inoculated, thus proving the direct effect of these bacteria in
the soil.
“These bacteria are single-celled organisms somewhat
closely allied to the ‘yeast plant.’ They gain entrance to the
roots of legumes through root-hairs and under favorable
conditions multiply very rapidly, causing the formation
of the characteristic nodules. It is here that the bacteria
exercise their power of taking the nitrogen of the soil air and
combining it with other elements from their own tissues. As
these bacteria die with almost the same rapidity that they
originate the host plant dissolves and absorbs the combined
nitrogen of the organisms and thus profits by the presence of
bacteria in its roots.”
“To introduce the proper bacteria into soils where
the nodules do not form, a practice has sprung up both in
Europe and in this country, of transferring soil from a field
producing nodules abundantly and scattering it over the land
to be inoculated at the rate of a bushel to an acre. But this
practice is not always attended with success. The objections
raised against this method of inoculation have been that it is
laborious and expensive to handle such a large quantity of
material and that obnoxious weed seeds and plant diseases
are introduced into new fields.
“To overcome these objections Professor G. Nobbe, of
Tharandt, Germany, prepared pure cultures of the bacteria
and transferred them to tubes or bottles of a nutrient jelly.
These cultures were called ‘nitragin,’ and were distributed
in Europe and America. The results obtained by the use
of nitragin were not always favorable; in this country in
particular, they were more commonly unfavorable. This
preparation is no longer manufactured.
“In 1904 Dr. George T. Moore, in charge of the
Laboratory of Plant Physiology of the U.S. Dept. of
Agriculture, devised a method of distributing the specific
bacteria in a dry state upon absorbent cotton. The method
was tested by distributing material free of charge to many
farmers throughout the United States, and many favorable
reports obtained in this way were published. In the Century
Magazine of October, 1904, a popular article prepared by
G.H. Grosvenor, exploiting the ‘new discovery’ of Dr. Geo.
T. Moore, aroused a widespread interest in the ‘vestpocket
fertilizer.’
“About this time the National Nitro-culture Company,
of West Chester, Pennsylvania, began advertising and selling
cultures of bacteria prepared according to Dr. Moore’s
method, charging $2.00 for a quantity sufficient to inoculate
seed for one acre of land.
“The New York Agricultural Experiment Station, at
Geneva, in the spring of 1905, made a bacteriological study
of these commercial cultures and found that they were
‘worthless for practical purposes’ and condemned, not the
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principle of inoculation, but the method of distributing the
bacteria upon dry cotton.
“The test of cultures from the same firm now reported
in this bulletin, further condemns the use of this method for
distributing bacteria.” A table (p. 8) shows that when soy
beans were inoculated with “nitro-culture,” no nodules were
produced in either sand or soil.
297. Gollan, W. 1906. Some results of acclimatization work
at the Saharanpur Botanical Gardens. Department of Land
Records and Agriculture, United Provinces [of Agra and
Oudh, India], Bulletin No. 21. p. 27-28.
• Summary: One section (p. 27-28) is titled “Glycine Soja
Sieb and Zucc. Natural order, Leguminosæ. Japan pea. Soy
bean.” It states: This is an erect or trailing herb, a native of
and also often cultivated in warmer valleys in the Himalayas.
It is also largely cultivated in Japan and China. The Japanese
form is an erect plant with white or black seeds, and attains
a height of 12 to 15 inches. The Himalayan form is a trailing
plant, also with white or black seeds, but the latter are not
quite half the size of the former. On this account the Japanese
kind is a much superior variety to the one cultivated in this
country.
“Seeds of the Japanese variety were received for trial at
Sahárpur in 1882 from the Government of India. These were
sown at Mussoorie in the spring at an elevation of 6,000 feet
and at Chajurie, Mussoorie district, at an elevation of 4,000
feet. Both these sowings ripened a few seeds in the autumn
of the same year, but neither were considered a success.
In 1883, eight hundred pounds of the seeds were imported
direct from Japan and were widely distributed, but the seeds
proved faulty, as in most instances they did not germinate. A
small sowing of half a pound, made at Sahárpur early in July
of the same year but from a distinct importation from Japan,
germinated freely and yielded 8½ pounds of seed in the
autumn. In 1884, seven and three quarters of a pound of this
seed was again sown at Sahárpur early in July, and it gave a
return of 12 pounds in the autumn. This crop was far from
healthy, and suffered from an excess of moisture during the
rains. In 1885, the results were better as it is recorded that the
black seeded variety gave a yield at the rate of 1,124 pounds
of seed per acre. In 1886, this acclimatised seed was widely
distributed. In some cases the crop failed and in others it was
fairly successful, but in all cases where seeds were harvested,
it was said that the people did not care for the pulse in any
form whatsoever. The garden grew the crop for a few years
longer, but as there was absolutely no demand for the seeds,
it eventually abandoned its cultivation.
“There is no doubt the superior Japanese variety can be
grown on the plains in a kind of fashion as a rainy season
crop, but the yield is not heavy, while the pulse, although
very popular in China and Japan, is not considered of
much account by either the native or the European. The
Himalaya variety, called “bhat” in the neighbourhood of

Mussoorie, is grown there on a very small scale and only
for the home consumption of the grower. “ Address: Former
Superintendent of the Gardens, United Provinces, India.
298. Kaempfer, Engelbert. 1906. The history of Japan,
together with a description of the Kingdom of Siam 16901692 (translated by J.G. Scheuchzer from the original
edition of April 1727. 3 vols.). Glasgow, Scotland: James
MacLehose and Sons. Vol. 1, xc + 334 p. Reprinted 1971
New York, NY: AMS Press Inc.
• Summary: Please see the original 1727 edition of this
work for a long quote on soybeans, miso, shoyu, and azuki
beans; it appears in this 1906 edition in Vol. 1, p. 187-88.
Many of Dr. Kaempfer’s botanical specimens may still be
seen in the Natural History Museum, South Kensington. The
front matter in this book is very interesting: The frontispiece
shows a full-page portrait (illustration, painting) of Sir Hans
Sloane. List of illustrations. Publisher’s note. Biographical
note of the Scheucher family, by Sir Archibald Geikie. To
the King, by J.G. Scheucher. The names of the subscribers
[alphabetical]. The author’s preface. The life of the author,
by the translator. An introduction, by the translator.
In the author’s preface Kaempfer explains (p. xxixxxxiii) that the Swedish Embassy, where he was secretary,
was dismissed by the Persian Court. Since his native country
Germany was at war, he decided to travel rather than to
return home. He joined the Dutch-East India Company and
went to Japan, where most visitors find it very difficult to
obtain any information about the country, since all Japanese
are obliged by solemn oath not to discourse with foreigners.
But Kaempfer developed a rare friendship with his
interpreters and the Japanese officers on his island (Deshima
in Nagasaki Bay). He assisted them in the fields of medicine,
astronomy, and mathematics, and in turn was able to learn
about their country. Kaempfer was especially fortunate in
gaining “the assistance of a discreet young man, by whose
means I was richly supplied with whatever notice I wanted
concerning, the affairs of Japan. He was about twentyfour years of age, well vers’d in the Chinese and Japanese
languages, and very desirous of improving himself. Upon
my arrival, he was appointed to wait on me, as my servant,
and at the same time to be by me instructed in Physick and
Surgery” (p. xxxii). The chief of the island allowed him “to
continue in my service during the whole time of my abode
in the Country, which was two years, and to attend me in
our two journeys to Court, consequently four times almost
from one end of the Empire to the other... As I could not
well have obtain’d my end without giving him a competent
knowledge of the Dutch language, I instructed him therein
with so much success, that in a year’s time he could write
and read it better than any of our interpreters: I also gave
him all the information I could in Anatomy and Physick, and
farther allow’d him a handsome yearly salary, to the best of
my abilities... There was not a Book I desired to see, on these
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and other subjects, which he did not bring to me, and explain
to me, out of it, whatever I wanted to know.”
A very interesting map of Japan shows each of the
provinces and off-shore islands, with the name of each
written in both English and Japanese characters (kanji).
Note: The long index in volume 3, which makes
interesting reading, includes acupuncture, algae (marine,
used for food), amasake (amazake, see sake), Amoenitates
Exoticæ, atheists, Buddhism & pagan worship, cami [kami],
Canagawa [Kanagawa], cannnib, hempstuffs, Corea [Korea],
Cublai–Tartar monarch, culis (see coolies), Deshima (island
of Kaempfer at Nagasaki), Dutch East India Company,
Fide Jori [Hideyori], Fide Joshi [Hideyoshi], Gendsii
[Genji], gokokf [go-kokufu, chief kinds of peas], herbals,
Hirando, Isje [Ise], Jejas [Ieyasu], Kami, Kioto (see Miaco),
Koja [Koya], Marco Polo, Mikado, moxa, Nagasaki, oil
seeds, opium, paganism, paper made by Japanese, pulse,
Pythagoras, Quannon [Kwannon], religion, sago, saki [sake],
salt, sasen [zazen], secular monarchs [Shogun], sesamum
(plant and oil), Siaka (Buddha), Shimonoseki, submarine
plants, Tokaido, Tokio, transmigration of souls, umbrellas,
Wilstach (Maria Sophia, wife of Dr. Kaempfer). Address:
Physician to the Dutch Embassy to the Emperor’s Court, Edo
(Tokyo), Japan.
299. Stuerler, F.A. von. 1906. Nederlandsch Oost-Indische
cultuurgewassen: Hunne kenmerken, teelt en bereiding
[Crops of the Dutch East Indies: Their characteristics,
cultivation and preparation]. Tiel: A. van Loon. ii + 373 p.
See p. 341-43. Illust. Index. 25 cm. [5 ref. Dut]
• Summary: The subsection on the hibiscus plant (De Waroeboom, Hibiscus tiliaceus, p. 334) states that the leaves are
used in making foods from soybeans [tempeh].
In the chapter on crops that yield oils and fats (Vette
oliegewassen, p. 335-44), the section titled “Soja” (p.
341-43) has the following contents: General botanical
characteristics: Introduction, the plant, stem, leaves, flowers,
fruit, seeds. Cultivation. Chemical composition of the seeds,
preparation, and uses.
The main product made with soybeans is soy
sauce (kètjap). The Chinese in Java cook the soybeans
and inoculate them between hibiscus leaves (Hibiscus
tiliaceceus) to make tempeh (tèmpé). They also make taotjo, a sort of bean paste (Indonesian-style miso). And with
the black soybeans they make a sort of bean cheese, taodjie (fermented black soybeans). Also discusses peanuts
(aardnooten, p. 335-37), sesame seeds (sesam, p. 337-39),
the castor oil plant (ricinus, p. 339-41), other crops that yield
oils and fats (p. 343-44).
Note: This is the earliest document seen (Sept. 2011)
stating that molds grown on Hibiscus leaves are used in
Indonesia to inoculate tempeh. Address: Leiden.
300. Mundy, H. Godfrey. 1907. The botanical section: Notes

on experiments carried out at the Skinner’s Court Experiment
Station, Pretoria, 1906-07. Transvaal Agricultural Journal
6(21):69-70. Oct.
• Summary: Page 70: “Leguminous Crops for Hay, Ensilage,
Soiling or Green Manure.” “Soybeans.–Would have been
most successful but for the advent of locusts, which appear
to have a considerable liking for Soybeans. The crop was
sown on November 17th, and by the first week in March
was standing about 2 feet 6 inches to 3 feet high, and in full
flower: beans set in enormous quantities, but just then the
locusts descended and cleaned off the crop. The yield of
green fodder at the time the crop was ready to cut for hay
was estimated at 15 tons per acre.
“A photograph of this plot is shown in the Agricultural
Journal. No. 19, April, 1907, Plate CLXXXVII.” Address:
P.A.S.I., Asst. for Seed and Plant Experiments.
301. Delwiche, E.J.; Moore, R.A. 1907. The relation of
orchard cover crops to soil moisture and soil freezing.
Wisconsin Agricultural Experiment Station, Annual Report
24:379-85. For the year ended June 30, 1907.
• Summary: “To sum up, cover crops are used: (a) To
prevent deep freezing of the ground and thus avoid rootkilling of the trees; (b) to hasten the ripening of late wood
growth, and in a measure prevent top-killing; (c) to prevent
the soil from being washed away by heavy fall and spring
rains; (d) to hold soluble plant food in the soil, especially
nitrates; (e) to lessen evaporation in winter when no snow is
on the ground; (f) to add humus to the soil so as to increase
its water-holding capacity; (g) to prevent snow from being
blown away; (h) to supply nitrogen to the soil” (p. 380)
Ten plants were experimented with as cover crops–viz.,
cow peas, soy bean, crimson clover, hairy vetch, Canada
field pea, oats, rye, millet, and rape–and some of these were
used in combination. It was found most easy to get a catch
crop with oats, rape, rye, and millet, and least with soy
bean, crimson clover, and hairy vetch. The relative order of
value in obtaining an early cover was: cow peas, soy bean,
oats, Canada field peas, rape, rye, millet, turnip, hairy vetch,
and crimson clover. The soy bean was the third best crop
in standing drought (after cow peas and oats), and the most
resistant to attacks of fungi, and the second most resistant to
attacks of insects (after cow peas). Rye is the most resistant
to frost, and the soybean is the next to last (before cow peas)
(p. 384). Address: 1. Superintendent, Northern Wisconsin
Sub Stations, Iron River; 2. Agronomist, Madison. Both:
Wisconsin.
302. Gagnepain, Francois. ed. 1907. Flore générale de
l’Indochine. Vol. 2 [A general flora of Indochina. Vol. 2].
Paris: Masson et Cie. 1213 p. See p. 398-99. Published under
the direction of H. Lecompte. [ soy ref. Fre]
• Summary: In the section on the genus Glycine, there is
a subsection on Glycine soja Sieb et Zucc. Cultivated in
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Tonkin, Laos, Cochinchine. Vernacular names: Dàu nanh,
Mak toua kon or ta tone. Uses: The seeds can be consumed
like those of the haricot, or used to make a cheese [tofu] or a
condiment, and they also yield oil. The black variety is used
to feed livestock. The stem and leaves can be used as forage.
The author lived 1866-1922.
Note: This is the earliest document seen (March 2021)
concerning soybeans in Laos, or the cultivation of soybeans
in Laos. This document contains the earliest date seen for
soybeans in Laos, or the cultivation of soybeans in Laos
(1907). The source of these soybeans is unknown.
303. Royal Botanic Gardens, Kew [England]. 1907.
Official Guide to the Museums of Economic Botany. No.
1. Dicotyledons. Third edition, revised and augmented.
London, Printed for H.M. Stationery Off. by Darling... 236 p.
See p. 65. 19 cm.
• Summary: Page 65 states: “No 192. Soy beans (Glycine
hispida, Maxim.). An annual, cultivated largely in China,
Japan, and India. In the two former countries a sauce known
as Soy is produced in large quantities and in Japan a kind of
cheese or curd cake is prepared known as ‘Natto.’ The chief
products of Manchuria are bean oil and bean cake. The seeds
yield 17 per cent. of an edible oil obtained by expression,
and the residue is made into large circular cakes, weighing
about 60 lbs, similar to that exhibited, used in the East for
feeding cattle and also as manure. Soy is imported into
Europe in barrels and is said to form the basis of most of the
popular sauces.”
Also discusses “Ground nuts. Pods and seeds of
Arachis hypogaea, L.” (p. 63, No. 188), and Kuzu (Pueraria
thunbergiana, p. 66-67, No. 195). Address: Kew, England.
304. Strakosch, Siegfried. 1907. Das Problem der ungleichen
Arbeitsleistung unserer Kulturpflanzen [The problem of the
unequal production efficiencies of our crop plants]. Berlin:
Verlagsbuchhandlung Paul Parey. 110 p. No index. 23 cm.
[Ger]
• Summary: This book, dedicated to Julius Wiesner, “the
master of plant physiology,” looks at national food supplies
from the viewpoint of plant physiology. In the section on
“Calculation of assimilative effects,” a table (p. 44-45)
compares rye, wheat, corn, rice, soybeans, and potatoes in
their production per hectare of starch, digestible protein,
value of product in German marks, value of nutritive
elements consumed, assimilative effect (defined as the ration
of the value of the usable substance produced per unit area to
the value of the nutritive elements borrowed from the soil by
producing this substance), assimilative effect compared with
rye, and difference between the production and consumption
in German Marks. Soybean produces much more protein
per given area of land than the other crops, has the highest
assimilative ratio, 6.68 times larger than that of rye. Thus the
culture of soybeans should be the most remunerative.

In the same section, a bar chart (p. 48) shows the value
(in marks) of physiologically useful substance resulting from
withdrawal of one mark worth of soil nutrients. The soybean
gives the greatest returns of the 22 plants listed.
In the section on “Consideration of plant production
efficiency in crop rotations” (p. 66+), the legumes are
praised and soybeans are mentioned on pages 71 (the most
productive of all legumes with an enormous number of 668)
and 73. In this context, the work of Friedrich Haberlandt
with soybeans and his book, Die Sojabohne (The Soybean,
Vienna, 1878) are described in detail (p. 74-76).
Page 76: Haberlandt died soon after the publication of
his work on the soybean, and Hecke, who had made the goals
of his friend his own, also was not granted the privilege of
experiencing their final victory. At the College of Agriculture
in Vienna (Hochschule für Bodenkultur in Wien), the site of
the activity of both scholars, individual soy plants are still
planted every year and provide harvest without fertilizing of
100 to 150-fold.
In the last chapter, “Goals and consequences,” a table
(p. 102) shows the productivity in the northern U.S. states
of nine crops, including wheat, barley, corn, sugar beets,
peas, Jerusalem artichokes, and soybeans. In value of crop
per hectare, soybeans are third after Jerusalem artichokes
(German: Topinambur; French: Topinambour) and sugar
beets. Two long footnotes (No. 122 and 123, p. 109-10)
discuss the importance in Japan of soybeans and the various
foods made from them including shoyu (Shoju, Shoyu),
miso, tofu, and yuba.
Note: Translated by Philip Isenberg (MM, CT), Long
Beach, California. Address: Dr., Wien-Hohenau.
305. Burtt-Davy, Joseph. 1908. The botanical section: Wheat
growing in the western Transvaal. Transvaal Agricultural
Journal 6(22):250-253. Jan.
• Summary: Page 253: “Crop Rotation and Manures: One
farmer leaves part of his wheat land fallow during the
summer, his object being to avoid taking too much plant food
out of the soil in one year, as is probably the case where a
summer crop of mealies follows wheat. Better results would
almost certainly follow the growth of some leguminose
crop such as Velvet-beans, Cowpeas, Soybeans, Pea-nuts
or Sugar-beans, which add nitrogen as well as humus to the
soil, and improve its texture as well as its crop-producing
power.” Address: F.L.S., Agrostologist and Botanist.
306. Choles, H.J. 1908. The soy bean. A valuable fodder
plant and its cultivation. Natal Agricultural Journal 11:141123. Nov.
• Summary: Contents: Introduction. Botany and habitat (incl.
the work of Prof. Haberlandt from 1875 in Austro-Hungary).
Varieties. Cultivation: Conditions of growth, methods of
culture. Harvesting: When to harvest, curing [allow the
plants to lie in a swath or wind-row until well wilted],
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harvesting for seed, yield of forage [up to 12-13 tons/acre
of fresh fodder], yield of seed. Chemistry: Composition,
digestibility. Value and uses of the crop: As a soiling crop
(for green forage), as a silage crop (it is best mixed with hay
for making mixed ensilage; it is more profitably ensiled than
cured for hay), as a hay crop, as a pasture plant (hogs are
most widely pastured on it), as a soil renewer (when a crop
of soy bean is turned under for green manure it should be
well limed), value of the bean for feed.
“A crop which I think has not received the attention
in Natal that it deserves is the soy bean. The soy bean is
considered by many authorities to be an extremely valuable
fodder plant...
“Since the plant would in all probability suit
conditions in many parts of the Colony, I have collected... a
considerable amount of information regarding its cultivation
which should prove useful to farmers who may be disposed
to give the plant a trial. The plant stands drought well and
is not easily injured by excess of moisture. Little cultivation
is needed when grown for forage. The soy bean may be
used for soiling, pasturage, hay and ensilage, or the beans
themselves may be harvested and fed as grain.”
“In harvesting a crop [of soybeans] for seed, the plants
may be pulled by hand or cut with a scythe or mower and
gathered into small piles, which should be relatively high and
of a small diameter, so that the plants may dry out readily.
Thrashing can be done with a flail or with the thrashing
machine. Very good results can be had with common grain
thrashers by taking out a portion or all of the canvas and
substituting blanks.”
307. Mooers, Charles A. 1908. The soy bean: A comparison
with the cowpea. Tennessee Agricultural Experiment Station,
Bulletin No. 82. p. 73-104. Dec.
• Summary: One of the earliest and best publications on
soybean management. Presents information on varietal
interaction to date of planting and row width, and gives
directions for planting, cultivating, and harvesting the crop,
as well as data on chemical composition of the seed.
The Introduction begins: “To the farmers of Tennessee
the soy bean is a forage and grain plant of special promise. In
grain production, as a supplement to corn for fattening stock,
no crop tested at this Station has proved its equal... The
data presented in the pages which follow indicate that under
Tennessee conditions each crop has a place which the other
can not take. The worth of the cowpea, however, is known
everywhere, while the true value of the soy bean lacks much
of being generally recognized.”
Varieties: About 24 soybean varieties are reported in
this bulletin. “Promising early varieties, such as Ito San
and Early Brown, require 90 to 100 days to reach maturity
from the time of planting. Under the same conditions
the Mammoth Yellow will require 125 to 160 days. The
following varieties are known to have been grown by

farmers in this state: Mammoth Yellow, Hollybrook, Guelph
(medium green), ‘Common,’ and Buckshot (early black).
Other named varieties: Haberlandt, Kingston, Medium
Green, Medium Yellow, Samarow, and Tokyo. Table X (p.
97) shows analyses of many of these varieties from the crops
of 1906 and 1907.
In a series of time of planting tests, the extreme dates
of successful planting in Tennessee were found to be April 3
and Aug. 6. June proved to be the most favorable month in
which to plant any variety. In short, Mooers reported striking
agreement in the length of season required by any given
variety to reach maturity in different years when planted on a
given date. He also noted a steady shortening of the growing
season as planting was delayed, and that this shortening was
much more marked in some varieties than in others.
“Harvesting: The harvesting of soy beans is in some
respects more difficult than that of cowpeas... Trials have
been made with both corn and wheat harvesters, but the
bundles when tied are apt to mold... The mower has given
at least fair results.” Placing the mowed plants on a curing
frame “gives reasonable assurance of success in the saving of
both the hay and the grain.”
“Threshing: In threshing, a common wheat thresher
may be used, but the speed of the cylinder must be reduced,
and other adjustments may be necessary in order to get
satisfactory results. The Koger pea and bean thresher, which
the Station has found to do splendid work, may be used to
advantage. The soy beans were not found to thresh clean,
however, when the air was very damp and the pods were
tough.
“Storing: The seed should not be stored in bins, but in
loosely woven sacks, which should be disposed so that air
will circulate freely among them.”
Photos show: (1) Four varieties (Mammoth Yellow,
Ito San, Guelph, and Buckshot) of soy bean plants side by
side (title page). (2) A field of cowpeas versus Ito San soy
beans–early planted, 80 days after planting on 2 April 1908
(p. 76). (3) A field of cowpeas versus Ito San soy beans–late
planted, 43 days after planting on 15 June 1908 (p. 77). (4)
A field of Mammoth Yellow and “Japanese” soy beans, and
Whippoorwill cowpeas; the photo was taken after a light
frost, which killed the tops of the pea vines [cowpea vines]
but did not injure the soy beans (p. 78). (5) A field of soy
beans cured on frames at the Experiment Station (p. 92). (6)
Curing soy bean hay in shocks (p. 92). (7) A man holding
a curing frame taken apart (p. 95). (8) A man standing by a
curing frame set up (p. 96).
Garner and Allard (1920, p. 557) wrote: “The present
writers had occasion to investigate the significance of
the observation made by Mooers (1908), that successive
plantings of certain varieties of soybeans (Soja max (L.)
Piper) made through the summer months, show a decided
tendency to blossom at approximately the same date
regardless of the date of planting.”
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308. Saccardo, Pier Andrea. 1909. Cronologia della flora
Italiana [Chronology of Italian flora]. Padova [Padua], Italy:
Published by the author. Printed by Tipografia del Seminario.
xxxvii + 390 p. See p. 173. March. Index. 28 cm. [Ita]
• Summary: Contents: Preface. Explanation of abbreviations.
Bibliographic catalog of authors cited in this book: Listed
alphabetically by author, with each author’s works cited
chronologically. Plants (organized by family, and within
family by genus).
In the section on Family 70, Leguminosae, is an entry
(p. 173) for the genus Soja Moench.–which appears to be
the second of two subcategories of the genus Vigna Savi–the
first being Dolichos. The only entry under the genus Soja is:
“Soja hispida Moench. Native of Japan and Java. Cultivated
[in Italy] since the mid-1700s and sometimes extensively,
as in the Trivigiano [a province and city in northeast Italy,
located about 15 miles northwest of Venice].
The soybean has been cited as follows (in chronological
order): 1701–Martini. 1760–Allioni. 1780–Farsetti. 1793–
Zuccagni. 1801–Bonnato. 1807–L. Arduino. 1880–Saccardo.
Address: Padova, R. Istituto botanico, Italy.
309. Takahashi, Y. 1909. Daishomame ni kansuru tôkeiteki
kenkyû shohô [A biometrical study of adzuki and soy beans].
Sapporo Norin Gakkaiho (J. of the Society of Agriculture and
Forestry, Sapporo) No. 2&3. p. 163-66. April. [Jap]
Address: Sapporo, Japan.
310. Ruhräh, John. 1909. The soy bean in infant feeding;
Preliminary report. Archives of Pediatrics 26:496-501. July.
• Summary: This pioneering paper was read before the
Twenty-first Annual Meeting of the American Pediatric
Society, Lenox, Massachusetts, May 28, 1909. “The soy
bean (glycine hispida), sometimes incorrectly called the soja
bean, is an annual leguminous plant which originally grew
in a wild state from Cochin China to the south of Japan and
Java.”
There follows a brief but accurate history of the soy
bean. “In 1875 Professor Haberlandt began a series of
investigations with this plant in Austro-Hungary, and in his
work published in 1878 he urges the importance of the soy
bean as a food both for man and animals. After his death,
which occurred in 1878, very little notice was taken of the
soy bean in Hungary and the prophecy that he made for its
future failed.”
“As early as 1829 Thomas Nuttall wrote an article in the
New England Farmer concerning the bean as a valuable crop
for this country. The Perry expedition to Japan also brought
back soy beans, but until the last fifteen or twenty years the
plant was known only as a curiosity.”
“The plant is grown in America, but is used chiefly
for the purpose of a forage crop and comparatively little
reference has been made to its use as food for man.” The

plants “bear a remarkable number of beans and the flowers
are self-pollinated, making the yield independent of insects.
The bean may be easily grown in Maryland. I am indebted
to three friends for experimenting with this plant in their
gardens and obtaining good crops...”
Note 1. This is the earliest document seen (July 2021)
that mentions soybean pollination–quite remarkable since
it is by a pediatrician writing about a completely different
subject. It is also the earliest document seen (July 2021) that
uses the term “self-pollinated” (or self-pollinating, etc., with
or without the hyphen) in connection with soybeans.
“At the present time there are seven varieties handled
by seedsmen, and some twenty-two distinct varieties are
known.” The varieties Mammoth Yellow, Hollybrook, and
Ito San have been used in infant feeding experiments. “The
other varieties are the Guelph (green), the Samarow (green),
the Ogemaw (brown), and the Buckshot (black). All of these
latter may be grown in the north.”
“I am indebted to Mr. Frank N. Meyer, agricultural
explorer for the Department [U.S. Department of
Agriculture], for information concerning the use of the beans
in the East...”
“Some varieties are grown exclusively for the oil they
contain and its is used for culinary, illuminating [in lamps]
and lubricating purposes, the residue left after the oil has
been expressed being used for fertilizer and also as food
for animals. The light-colored beans are eaten in soups and
the pods are sometimes picked green, boiled, and served
cold with a sprinkling of soy sauce. The green varieties are
often pickled in brine and eaten moist or dried with meals as
promoters of appetite; the same varieties are often slightly
sprouted, scalded and served with meals in winter time as
a green vegetable.” Also mentions “natto, tofu, miso, yuba,
and shoyu.” When making tofu: “The filtrate is a white,
opaque, milky liquid with a taste similar to malt. This soy
bean milk has a composition nearly the same as that of cow’s
milk” (as shown in a table) (p. 498-99).
“The soy beans are sometimes roasted and then used as
a substitute for coffee” (p. 499)
“The fact that the soy beans contain little or no starch
suggested to Dujardin-Beaumetz that they be used as a
food for diabetics. The soy bean flour has been placed on
the American market, but was withdrawn owing to the fact
that according to the manufacturers it contained 8 per cent.
carbohydrate. It contains much less carbohydrate, however,
than any of the other diabetic foods.”
“As regards the use of the beans in infant feeding it
seemed to me that soy bean gruel or milk, either alone or
with cow’s milk, might be of value in feeding several classes
of cases, viz., of marasmus and malnutrition, as a substitute
for milk in diarrhea, and in intestinal and stomach disorders,
and in diabetes mellitus.”
The writer had hoped to conduct experiments and make
a more complete clinical report but several misfortunes
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attended his efforts to secure the beans. “My first crop was
eaten by rats, my second moulded in the pods owing to some
unusually damp weather, and insects ate about two-thirds of
my last crop. Fortunately, the beans may now be obtained
from Messrs. T.W. Wood & Son, Richmond, Virginia.
“So far the gruel has been prepared by soaking the beans
over night, stirring to remove the envelope surrounding
the bean. Three times the amount of water is added to the
beans and they are boiled until a smooth gruel results. This
is strained if necessary [to make real soymilk]. This has the
odor and taste of malt, but with the addition of a little salt is
well taken, especially after the first bottle or two. The gruel
is retained unusually well and seems to be easily digested.
The stools are not more frequent than with other foods. The
stools are light brown in color like those from malted milk.
This soy bean gruel has nearly the same food value as milk
and for certain children may need further dilution. About
the same size feedings should be used as if milk were being
given. Five percent sugar may be added to increase the fuel
value.
“I have not used the beans in a sufficiently large number
of cases nor over sufficient periods of time to justify any
further statements at this time, but I do feel that properly
used they will be a most valuable addition to the dietary of
the sick infant. Grinding them to a bean meal would simplify
matters very much, and, if success attends their use, a soy
bean meal could easily be prepared.
“I hope to be able to make a second report at the next
meeting and have called your attention to the bean in hope
that other members may try them and report at the same
time.”
Note 2. This is the earliest document seen (Aug.
2020) that suggests the use of a soybean preparation as an
alternative to milk for infants who do not tolerate cow’s
milk.”
Note 3. This is the earliest document seen (Aug. 2003)
concerning the actual feeding of soymilk to infants or
children, or concerning a soy-based infant formula. The
author was the world’s first pediatrician to use soybeans in
infant feeding, and did the first U.S. studies with soyfoods
and human nutrition.
Note 4. This is the earliest English-language document
seen (Aug. 2013) that uses the term “substitute for milk” to
refer to soymilk.
Note 5. This is the earliest English-language document
seen (Nov. 2002) that uses the word “malnutrition” in
connection with soyfoods.
Note 6. Pediatrician Herman F. Meyer (1960, p. x)
published a long poem by Dr. John Ruhräh titled “A Simple
Saga of Infant Feeding,” which described the history and
present status of infant feeding. Meyer described Ruhräh as a
“philosopher, teacher, poet, pediatrist [pediatrician] and able
historian.”
The following photo of Dr. John Ruhräh (1872-1935)

was taken in about 1914. Born in Chillicothe, Ohio, he
was a graduate of the College of Physicians and Surgeons
(Baltimore, 1894), did post-graduate work at Johns Hopkins,
the Pasteur Institute, Paris (1897), and in other European
schools (1900-1901), and was quarantine physician of the
port of Baltimore (1898-1900), where he became Professor
of pediatrics in the University of Maryland Medical School
and in the College of Physicians and Surgeons.
His autograph is shown below his photo. Address: M.D.,
Baltimore, Maryland.
311. Clercq, Frederik S.A. de. 1909. Nieuw plantkundig
Woordenboek voor Nederlandsch Indië [New botanical
dictionary for the Netherlands Indies]. Amsterdam,
Netherlands: J.H. de Bussy. xx + 395 p. See p. 248, no. 1664.
[1 ref. Dut]
• Summary: In the following, we will spell out, then
translate, abbreviations in square brackets: “1664 Glycine
Soja Sieb. et Zucc. * Nat. fam. der Leguminosae. Dekeman,
Jav. Kr. D. [Krama-Doesoen of Hoog-Dorps-Javaansch
= Mount Dusun high-level village Javanese]; Dele, Jav.
[Javaansch = Javanese]; Gadele, Jav. [Javanese]; Kadele,
Boeg. [Boegineesch = Buginese, spoken in South Sulawesi],
Makas. [Makasaarsch = Makassarese, from Makassar, the
provincial capital of South Sulawesi, Indonesia]; Kadale, Jav.
[Javanese]; Kadheli, Madoer. [Madoereesch = Madurese,
spoken in Madura {Dutch: Madoera}, an Indonesian
island off the northeastern coast of Java]; Katjang djepoen,
Soend. [Soendaasch = Sunda, the language of the Sundanse
people of Western Java]; Katjang kedelai, Mal. [Maleisch =
Malay, the language of Malaysia and Brunei, lingua franca
of the Malay Archipelago]; Katjang kedele, Mal. Batav.
[Bataviasch-dialect van Maleisch = the Batavian dialect of
Malay; Batavia was the colonial Dutch name (1600s to 1942)
for today’s Jakarta]; Kedangsoel, Jav. Kr. D. [high-level
village Javanese]; Kedelai, Mal. [Malay]; Kedele, Balin.
[Balineesch = Balinese, the language of the Indonesian
island of Bali], Jav. [Javanese], Mal. Batav. [the Batavian
dialect of Malay]; Keudeule, Soend. [Sunda]; Lawoeï,
Biman. [Bimaneesch = Bima, language of the Bimanese
people, spoken on the Indonesian island of Sumbawa and
its city of Bima]; Leboewi bawak, Sas. [Sasaksch = Sasak,
spoken by the Sasak people on the Indonesian island of
Lombok]; Retak medjong, Lamp. [Lampongsch = Lampung,
spoken by the Lampung people in the Indonesian province of
Lampung, on the southeastern tip of Sumatra].
“Variëteiten (Varieties) in Soend. [Sunda]: Katjang
djepoen beureum; Katjang djepoen bodas; Katjang djepoen
hedjo; Katjang djepoen hideung.–Kruid (herb, plant), de
sojaboon.
“Uses: Known for the high protein content of its beans,
consumed mostly by indigenous people as green vegetable
soybeans (unripe). For the preparation of Batavian ketjap
or Soy (Bataviasche ketjap of soja), black-seeded soybeans
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are used. In addition, the beans are boiled, beaten into flat
cakes, and inoculated with a particular type of mold to obtain
tempeh (tempe), which is very much liked in Java.” Address:
in Leven; Oud-Resident van Ternate en van Riouw [former
resident of Ternate and of Riouw].
312. Itie, G. 1910. Le soja: Sa culture, son avenir [Soya: Its
cultivation, its future]. Agriculture Pratique des Pays Chauds
(Bulletin du Jardin Colonial) 10(82):37-49. Jan. See also:
10(83):137-44. Feb.; 10(84):231-46. March; 10(85):305-07.
April; 10(93):485-93. Dec.; 11(94):55-61. 28 cm. [34 ref.
Fre]
• Summary: A superb series of articles by G. Itié reviewing
research and current developments with soybeans, and
especially with soybean production / culture, worldwide. The
extensive bibliography cites many early and rare works for
the first time. Interestingly, the series started one year before
Li Yu-ying wrote his equally excellent series in the same
journal. The author introduced lots of U.S. soybean research
to France, citing many U.S. Agricultural Experiment Station
publications and early work with growing soybeans in the
tropics.
Contents: Introduction. The soybean (Glycine hispida
Maxim.). Vernacular names: In China, Tonkin, Cambodia
(Sân dêk), India, Burma, Nepal, Ceylon (Bhatwan), IndoMalaysia (Katyang-kadeleh), England, USA, Germany,
Holland, France, Italy. Scientific names and synonyms.
Description of the plant. Varieties, general, and in China,
India, Hawaii, Japan, USA, Europe (varieties from Hungary,
Podolia, Etampes-France, Italy). Origin. History. Climate
and geographical area.
Concerning the early history in France: “In France it is
very certain that in 1739 missionary fathers sent the soybean
to the Jardin des Plantes, along with other plants from China.
There exists, in any case, in the Museum, a sachet having
contained seeds from the harvest of 1779, and the soybean
has been cultivated here in an almost uninterrupted fashion
since 1834.
“In France, large scale production of soybeans began
in 1821 at Champ-Rond, near Etampes, where large yields
were obtained. But above all, starting in 1855, the Society
for Acclimatization made great efforts to introduce it. They
distributed seeds and conducted tests in various regions, but
the methods of culture were not progressive (advanced), and
the soybean did not take the place in France that was hoped
for.”
A table (p. 490) shows the name, yield (in hectograms/
hectare; 1 hectogram = 100 gm), and source (a U.S.
agricultural experiment station) for the following soybean
varieties: Medium Black (12.1, Massachusetts Hatch), Very
Dwarf Brown (8.4, Indiana), Early Brown (10.54 to 13.58,
Indiana), Early Green (7.80 to 14.00, Delaware & Virginia),
Medium Green (12.10 to 36.30, Massachusetts Hatch &
Illinois), Hollybrook (8.7 to 10.0, Indiana), Guelph (5.70 to

7, Indiana), Ito San (11.4 to 28.70, Indiana & Wisconsin),
Japanese Pea (13.20, Virginia), Mammoth Yellow (7.5
to 18.20, Mississippi), Michigan Green (19.10 to 34.80,
Wisconsin), Green Samarow (11.00+, Kansas), Tokyo (7+,
Kansas), Early White (15.90 to 33.00, Massachusetts &
Illinois), Dwarf Early Yellow (11.00+, Kansas), Early Yellow
(13.10 to 22.00, Ontario, Canada), Medium Early Yellow
(8.70 to 33.00, Indiana), Yellow (11.00+, Kansas), No. 9407
(43.5, Wisconsin), No. 19.186 (28.0, Delaware).
Other tables show: (1) The chemical composition of
the stem, leaves, and pods (p. 138-39, 243). (2) Yields with
different fertilizing methods (p. 139). (3) Number of pods
and seeds in different varieties of soybeans (p. 236). (4)
Spacing at different experiment stations for 3 years that gave
the best yield (p. 239). (5) Number of plants and seeds, and
yield for 3 different brown or yellow varieties of soybeans
from China and Manchuria (p. 491). An illustration (p. 40,
line drawing by A. Berteau) shows a cultivated soybean plant
and its different parts, including leaves, pods, and flowers.
The leaves of the wild soybean, Glycine angustifolia (Miq.),
are also shown.
Note: The Jardin Colonial (Colonial Garden) is located
in Paris, France. Address: Ingenieur d’Agriculture coloniale.
313. Piper, Charles V.; Morse, W.J. 1910. The soy bean:
History, varieties, and field studies. USDA Bureau of Plant
Industry, Bulletin No. 197. 84 p. Dec. 31. Includes 8 plates
showing plants, pods, and seeds, and an excellent 6-page
index. [27 ref]
• Summary: Contents: Botanical history and identity of the
soy bean. Botanical classifications of soy-bean varieties.
Varietal characteristics of soy beans: Habit of growth,
foliage, pubescence, flowers, pods, seeds. Frost resistance.
Period of maturity (soybeans were planted at the Arlington
Experimental Farm, near Washington, DC, from 3 June
1905 to June 1909). Changes in life period (soybeans were
planted at the Arlington Farm in 1902). Pollination and
hybridization. Mutations. Nomenclature and classification.
Early agricultural history in the United States. Varieties
introduced in the United States independently of the
Department of Agriculture or previous to 1898: Enumeration,
Ito San, Mammoth, Buckshot, Guelph, or Medium Green,
Butterball, Kingston, Samarow, Eda, Ogemaw, or Ogema.
Varieties grown in Europe (p. 32-33; Early history,
Samarow, Etampes, Chernie [from Khabarovsk, Siberia],
“Yellow Riesen,” Buckshot, “Yellow,” “Brown,” Butterball,
S.P.I. No. 5039. European seed companies carrying soybeans
include Dammann & Co., Naples, Italy; Haage & Schmidt,
Erfurt, Germany; Vilmorin-Andrieux & Co., Paris, France).
The soy bean in Asia (p. 34-35): Asiatic sources of
soy beans, list of varieties with SPI numbers from each
of the following countries and places: Siberia (South
Usuri [Ussuri], Khabarovsk, Merkoechofka), Manchuria
(Newchwang, Harbin, Tieling), Korea (Pinyang, Ko-
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bau), Japan (Tokyo, Kobe, Yokohama, Hokkaido, Anjo),
China (many places), Formosa (Taihoku), Cochin China
(Saigon), India (Darjiling [Darjeeling] and Khasi Hills–
Assam; Pithoragarh–Kumaon Dist.; Safipur, Hasangani,
Ranjitpurwa–Unao, Uttar Pradesh; Etawah, Manipuri–Uttar
Pradesh; Cawnpore, Dehra Dun, United Provinces; and
Poona Bombay), Java (Buitenzorg), Celebes (Macassar).
Desirable characters in soy-bean varieties (p. 3637): Considerations governing choice, habit of the plant
(“Erectness of stem with upright or ascending branches is
a prime requisite of a desirable variety. A tall habit is also
important, as dwarf varieties usually bear pods very close
to the ground, so that many will be left on the stubble...”),
coarseness (a coarse, woody stem makes mowing difficult.
However slender varieties often have small pods and seeds,
often with vining tips and a tendency to lodge), ability to
retain leaves, color of the seed (“Yellow or green seeds
are preferable to darker colors, as the shattered seeds are
more easily found by hogs pasturing the field or stubble”),
shattering, resistance to disease (“In sections where
nematodes and cowpea wilt occur most soy-bean varieties
are seriously affected by both these diseases”), nonfilling
of pods. Synopsis of the groups (plants bushy vs. twining).
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Synopsis of the varieties (within each group lists the total
number and acquisition numbers of varieties with various
colored seeds and germs: Group I–190 varieties (seeds strawyellow, germ yellow–71 varieties; seeds olive-green, germ
yellow–45 varieties; seeds chromium-green, germ green–17
varieties; seeds brown to olive, germ yellow–28 varieties;
seeds black, germ yellow–18 varieties; seeds black, germ
green–7 varieties; seeds bicolored, germ yellow–4 varieties).
Group II–4 varieties. Group III–8 varieties. Group IV–76
varieties. Group V–7 varieties.
Of the 285 varieties in the five groups, 152 varieties
(53.3%) have yellow (straw-yellow or olive-yellow) seeds,
55 varieties (19.3%) have black seeds, 44 varieties (15.4%)
have brown seeds, 24 varieties (8.4%) have green seeds, and
10 varieties (3.5%) are bicolored).
Catalogue of soy-bean varieties (by S.P.I. number, from
no. 480 in 1898 to no. 27,501 in 1909; p. 39-74). In 1908
USDA acquired soybean seeds from Vilmorin-Andrieux &
Co. (Paris, France), Haage & Schmidt (Erfurt, Germany),
and Dammann & Co. (Naples, Italy) (p. 57-60).
The best varieties of soy beans (p. 75, in 7 groups from
very early to very late). Explanation of plates. Index.
The “Catalogue of soy-bean varieties” (p. 39) is “a

complete list of soy beans imported by the United States
Department of Agriculture, arranged chronologically in
accordance with the sequential S.P.I. (Seed and Plant
Introduction) numbers assigned to them by the Office of
Foreign Seed and Plant Introduction.” These numbers start
at #480 (imported from South Ussuri, Siberia, in 1898) and
end at #27501 (imported from Shanghai, Kiangsu, China,
in 1909). Concerning No. 21825 (p. 58): “From Hokkaido,
Japan, 1908... This variety is said to be used principally in
the manufacture of ‘soy,’ ‘miso,’ ‘tifu’ [sic, tofu], etc. It has
also been obtained again from the same place and grown
under Nos. 21830 and 21831.”
“The best varieties of soy beans” (p. 75) lists 35
varieties, each with a name and S.P.I. number, arranged
in seven groups based on time to mature, from “Very
early.–Ogemaw, 17258” to “Very late.–Barchet, 20798;
Riceland, 20797 (In 1908 at Biloxi, Mississippi, it displayed
astonishing diversity).” This list is “based primarily on
the results at Arlington Experimental Farm [in Virginia],
but those obtained in cooperation with various experiment
stations have also been given due consideration:
“Very early.–Ogemaw, 17258.
“Early.–Early Brown, 25161 (from Indiana Agric. Exp.
Station, 1909); and Vireo, 22874.
“Medium early.–Chernie, 18227; Auburn, 21079 A;
Merko, 20412 (from Merkoechofka, Siberia); Elton, 20406;
Chestnut, 20405 B.
“Medium.–Ito San, 17268; Medium Yellow, 17269;
Tashing, 20854; Shingto, 21079; Swan, 22379; Brindle,
20407; Sedo, 23229; Lowrie, 22898 A.
“Medium late.–Brooks, 16789; Flava, 16789 A; Cloud,
16790; Ebony, 17254; Haberlandt, 17271; Peking, 17852 B;
Wilson, 19183; Taha, 21999; Austin, 17263.
“Late.–Mammoth, 17280; Edward, 14953; Acme,
14954; Flat King, 17252; Tokyo, 17264; Hope, 17267;
Hollybrook, 17278 (from Arkansas Agric. Exp. Station,
1904); Farnham, 22312.
“Very late.–Barchet, 20798; Riceland, 20797.”
Note 1. Matsuura (1929 and 1933) cites this as the
world’s earliest publication on soybean genetics: “Recording
segregation of seed- and flower-color in its natural hybrids.”
Page 11 notes that soybeans named “New Japan peas”
were obtained from Norway (Source: Martens 1869). Page
20 notes that the Ogemaw variety of soybeans, which takes
92-97 days to mature, was obtained in 1908 from the Idaho
Agricultural Experiment Station, where it had been grown
for several years. Note 2. This document contains the
earliest date seen for soybeans in Idaho, or the cultivation of
soybeans in Idaho (about 1906).
Page 20 also notes that Buckshot variety of soybeans,
which takes 92 days to mature, was obtained in 1908 from
the Minnesota Agricultural Experiment Station, where it
had been grown for several years. This is the second earliest
document (April 2004) seen concerning the cultivation of
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soybeans in Minnesota. “Potomac Flats” is not mentioned in
this report.
Concerning “Habit of Growth” (p. 12-13), the author
states: “All soy beans are strictly determinate as to growth;
that is, the plants reach a definite size according to the
environment and then mature and die. The great majority
of the varieties are erect and branching, with a well-defined
main stem (Plates I and III)... In other varieties the stems and
branches, especially the elongated terminals, are more or less
twining, and usually weak, so that the plant is only suberect
or even procumbent (Plates I-III).”
Photos show: (1) Plants of a wild soy bean grown in a
greenhouse in a pot. (Fig. 1) (2) Plants of a wild soy bean
from Soochow, China, grown at the Arlington Experimental
Farm.
(3) Plants of a soy bean from Cawnpore, India. (4) Rows
of different varieties of soy beans at Arlington Farm.
(5) Plants of seven varieties of soy beans, showing
types of habit: Meyer 17852, Peking 17852 B, Austin
17263, Pingsu 18259, Unnamed 22504, Hollybrook 17278,
Haberlandt 17271. (6) The same seven varieties shown in
plate 4 after hanging in a dry room for 6 months.
(7-8) Eleven soy bean pods, ranging in size and shape.
(9) 36 varieties of soy bean seeds, showing variation in
size and form.
Note 3. This is the most important document ever
published on early soybean varieties in the USA.
Note 4. This is the earliest document seen (Dec. 2018)
that uses the word “determinate” to describe the growth
habit of soybeans. Determinate plants terminate main
stem elongation at, or soon after, the onset of flowering.
Indeterminate cultivars continue main stem elongation
several weeks after beginning flowering. Determinate /
indeterminate is a genetic trait.
Note 5. This is the earliest publication see (Aug.
2011) written jointly by Piper and Morse, two of the most
influential early advocates of the soybean in the USA. It is
also the earliest document by or about Morse in connection
with soybeans. Morse graduated from Cornell University,
New York, on 20 June 1907 and 2 days later reported for
duty at the Bureau of Plant Industry in Washington, DC, to
work under Dr. C.V. Piper.
Note 6. This is the earliest document seen (Feb. 2004) in
which Piper or Morse mention miso, tofu, or the use of soy
beans as a coffee substitute.
Note 7. This is the second earliest document seen
(July 1998) that uses the word “shatter” (or “shattered”
or “shattering”) in connection with soybeans. The earliest
document (in 1854) used the word “shatter” in a very general
sense. This document uses it more precisely, as the title of a
section and for comparing varieties (p. 36): “When grown for
grain alone, shattering is a serious fault. Some varieties, like
Guelph, shatter inordinately; others, like Peking, scarcely at
all... As a rule the varieties with large pods and seeds shatter

much worse than those with small pods and seeds...”
Note 8. This is second the earliest English-language
document seen (Oct. 2004) that uses the term “germ” to refer
to a part of a soy-bean seed. The germ or embryo is the part
of the seed inside the seed coat.
The section titled “Seeds” (p. 15) states: “The germs or
embryos of soy-bean seeds are yellow, except in the greenseeded and part of the black-seeded sorts, in which they are
green.” Address: 1. Agrostologist; 2. Scientific Asst., ForageCrop Investigations, Bureau of Plant Industry, USDA,
Washington, DC.
314. Piper, Charles V.; Morse, W.J. 1910. The soy bean:
History, varieties, and field studies: Botanical history and
identity of the soy bean (Document part). USDA Bureau of
Plant Industry, Bulletin No. 197. p. 9-11. Dec. 31.
• Summary: “The soy bean was first made known to
Europeans by Kaempfer, who spent three years, 1690 to
1692, in Japan. Kaempfer (Amoenitatum Exoticarum,
1712, p. 837) gives the Japanese name ‘Daidsu Mame’ and
describes it as an erect bean, with the pod of a lupine and
the seeds like a large white pea. Linnaeus (Flora Zeylanica,
1747, p. 534) describes the plant briefly under ‘Dolichos’
and states that it is cultivated in Ceylon. This last statement
is probably an error. He also cites the descriptions of
Kaempfer. In 1753 Linnaeus repeats the description of the
Flora Zeylanica and formally names the plant Dolichos soja,
giving its habitat, however as India. What Linnaeus’s Ceylon
or India plant may be is not certain, as will appear.
“Moench in 1794 rechristened the Linnaean plant Soja
hispida. Savi in 1824 called the Japanese soy bean Soja
japonica. Miquel in 1855 named a narrow-leafed form
from Java Soja angustifolia, and Maximowicz in 1873,
using Moench’s specific name, published the soy bean as
Glycine hispida, which name has been generally adopted.
Siebold and Zuccarini had previously (1843) named a plant
from Japan Glycine soja, supposing it to be the Dolichos
soja of Linnaeus. This plant, however, was not the soy
bean cultivated by the Japanese but the wild plant later
described as Glycine ussuriensis by Regel and Maack.
Under existing botanical rules, the soy bean, which is
known only as cultivated, has been called Glycine hispida
(Moench) Maximowicz, and its nearest relative Glycine soja
Siebold and Zuccarini (G. ussuriensis Regel and Maack).
Maximowicz considered that the soy bean was probably
derived from the latter by cultivation, but this idea has not
generally been accepted.
“Glycine soja, as heretofore known, differs from G.
hispida in its more slender and more vining stems, in being
less hairy, in bearing smaller pods and seeds, and especially
in having smaller flowers. The flower is 3 to 5 mm. long,
while that of G. hispida is 6 to 7 mm. The structure of the
flower is the same in both, but the calyx lobes are usually
longer in proportion to the tube in G. hispida than in G. soja.
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It is apparent, therefore, that the fundamental differences
between the species are slight. The smaller flower we
regard as the best single character to separate G. soja from
G. hispida, but using this as a criterion G. soja is also a
cultivated species.”
Note: This is the earliest English-language document
seen (Nov. 2002) that uses the word “vining” in connection
with soybeans–in this case Glycine soja, the wild soybean.
“Among numerous lots of seeds received from India
(S.P.I. Nos. 24672 to 24693 inclusive) representing seven
varieties, there are at least two (see Nos. 24675 and 24682)
which have very small flowers, 3 mm. long, indistinguishable
from those of the wild G. soja that we have grown. Typical
plants of Glycine soja obtained from the Botanic Garden,
Tokyo, Japan (S.P.I. No. 22428), and from Soochow,
Kiangsu, China (S.P.I. No. 25138), have been grown three
seasons. The India plants are coarser stemmed, less vining,
and bear somewhat larger pods and seeds, but the flowers
are much smaller than those of any variety of G. hispida and
precisely like those of G. soja. Other numbers from India are
probably G. hispida, but the flowers are somewhat smaller
than the Japanese varieties and the pods and seeds as small
as any variety of G. hispida. It is therefore apparent that both
G. soja and G. hispida are cultivated in parts of India, if we
accept the flower character as decisive. This fact makes it
doubtful which of the two plants Linnaeus named Dolichos
soja. There seems no good reason why G. hispida may not
have been derived from G. soja by cultivation, the smaller
flowers of the latter being the principal difficulty to explain.
In all other respects the two supposed species seem to merge
completely. The identity of the plant cultivated in India has
been commented on by Watt (Dictionary of the Economic
Products of India, 1890, p. 509)...
“Prain apparently does not apply the size of the flower as
a critical character. Applying this, however, two of the Indian
varieties (see No. 24675 and 24682) are certainly Glycine
soja [the wild annual soybean] but the plants are stouter and
less twining, and the pods and seeds larger than the wild
form from Japan. Three other varieties (Nos. 24672, Khasi
Hills [in today’s Indian state of Meghalaya], and 24673 and
24674, Darjiling [Darjeeling in West Bengal, India]) we
would refer to G. hispida [the domesticated soybean] though
the flowers are somewhat smaller than the Japanese and
Chinese varieties. The first is erect and bushy, but the other
two are procumbent and vining. A variety from Taihoku,
Formosa, No. 24642, is very similar to the two varieties from
Darjiling. On the whole, we are therefore inclined to believe
that there is but one botanical species, which has been
profoundly modified by cultivation.”
Note: This is the earliest document seen (Oct. 2010)
that contains the word “procumbent” in connection with the
soybean.
To summarize: In most botanical works the soybean
is named Glycine hispida (Moench) Maximowicz. By a

few writers it is named Soja hispida Moench. The use of
either of these names is based on the idea that the wild
soybean Glycine soja Siebold & Zuccarini or Glycine
ussuriensis Regel & Maack is a different species. Piper and
Morse (above) have shown that this view is untenable, the
wild and cultivated plants representing but one species.
Address: 1. Agrostologist; 2. Scientific Asst., Forage-Crop
Investigations, Bureau of Plant Industry, USDA, Washington,
DC.
315. Piper, Charles V.; Morse, W.J. 1910. The soy bean:
History, varieties, and field studies: Pollination and
hybridization (Document part). USDA Bureau of Plant
Industry, Bulletin No. 197. p. 20-23. Dec. 31.
• Summary: “The soy-bean flower is completely selffertile, bagged plants setting pods as perfectly as those in
the open. This was tested at the Arlington Experimental
Farm [Virginia] in 1909 by bagging 30 plants representing
10 varieties. In no case did the bagged individuals fail to
produce as well as neighboring unbagged plants. Ten plants
were also inclosed in box screens with similar results.
“The flowers are much visited by bees, mainly for the
pollen, as but a very small quantity of nectar is secreted.
Cross-pollination would be a frequent occurrence were it not
that the abundant pollen of each flower covers the stigma
almost as soon as the flower opens.
“Previous to 1907 the remarkable uniformity of the plats
at the Arlington Experimental Farm, except for occasional
and evident admixtures, had led to the belief that natural
hybrids of the soy bean did not occur. In that year the
occurrence of certain oddly colored seeds, smoky green,
smoky yellow, brown and yellow, etc., in the bulk seed was
noted. These were carefully saved and the resultant rows in
1908 gave diverse progeny, showing that some of the seeds
at least were hybrids. In 1908 more than a hundred singleplant selections of supposed hybrids were made and planted
in 1909. Some of the results are indicated in Table V (p.
22). Titled “Variations is hybrid soy-bean plants and their
progeny at the Arlington Experimental Farm, 1908-1910,”
it has the following columns: Serial No., Hybrid: Color of
pubescence, color of seed. Progeny: Total number of plants,
color of pubescence, color of flower, color of seed.
“It is evident from the diversity of the progeny that the
parents were hybrids in all the cases listed. The number of
plants grown in each case is too small to secure definite
proportions, but it is clear that the color of the pubescence
and the color of the seed behave in Mendelian fashion. The
same is probably true of the flower color, which was counted
in only one case.
“There is thus furnished a clear explanation of the origin
of many of the new varieties at the Arlington Experimental
Farm that were at first mistaken for accidental admixtures.
It also accounts for the diversity of the population exhibited
in many introduced varieties notwithstanding the apparent
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uniformity of the seed.
“It must not be supposed from the foregoing account
that hybrids are common in soybeans. At Arlington the
test rows are grown contiguously, so that there is a great
opportunity for cross-pollination. Nevertheless, the
percentage of hybrids that occur is very small, perhaps not
one individual in two hundred.
“Thus far the hybrid plants have been detected mostly
by the color of the seed. In a number of cases none of the
progeny has seed similar to the parent; or, in other words,
the color of heterozygote seeds is often unstable. Among
the most striking of such heterozygote seeds (Pl. VIII) are
yellow with a single narrow transverse band of brown;
yellow or green, with an irregularly star-shaped brown or
black figure centering at the hilum; and green or yellow more
or less suffused with a smoky color. Some of the last breed
true, but most of them do not.”
Note 1. This is the earliest document seen (June 2020)
that describes soybean hybrids. As such, it is the earliest
document seen concerning soybean variety development.
Note 2. This is the earliest English-language document
seen (June 2020) that uses the word “pubescence” to refer
to the fine short hairs on the stem and leaves of the soybean
plant.
Note 3. This is the earliest English-language document
seen (June 2020) that uses the word “hybridization” in
connection with soybeans. Address: 1. Agrostologist; 2.
Scientific Asst., Forage-Crop Investigations, Bureau of Plant
Industry, USDA, Washington, DC.
316. Henderson, Peter. 1910. Henderson’s handbook of
plants and general horticulture. New ed. New York, NY:
Peter Henderson & Co. 526 p. Illust. 27 cm.
• Summary: The contents of this book are identical to
those of the 1890 edition except that: (1) On the title page,
“1910” is written on the bottom line instead of “1890.” The
copyright page and the next page (Preface to the Second
Edition) both bear the date “1890” in both editions. (2) Pages
527-28 contain advertising matter. Address: 35 Cortland St.,
New York.
317. Li, Yu-ying. 1910. Ta tou: Le soja [The soybean]. Paris:
Société Biologique de l’Extrême Orient. 66 p. Illust. 28 cm.
[Chi]
• Summary: This remarkable work, written entirely in
Chinese, was the first of Li’s major works on soybeans and
soyfoods. Published in Paris, it was written in Chinese and
meant to be read by young people in China interested in
coming to Paris to study or in helping Li with research on
Chinese soybean varieties. An expanded and revised version
was published into French the next year (1911).
Contents: Soybeans: 1. Introduction. 2. Names and
varieties (colors, sizes, and shapes) of soybeans. 3. Where
soybeans are produced and their history. 4. The place

of soybeans in the hierarchy of plants (taxonomy). 5.
Nutritional composition of soybeans.
6. Characteristics of soybeans (physiological,
morphological, etc.). 7. Food uses of soybeans (incl. tables
comparing the price of tofu with various meats, and the
various sicknesses associated with eating different types of
meat). 8. Equipment used in making soyfood products (a
photo shows the equipment in Li’s modern soymilk and tofu
plant near Paris; p. 37), and compares soymilk with cow’s
milk.
A large soybean utilization diagram in Chinese (p. 44)
shows all the products that can be made from soybeans using
the wet process (from soymilk) or the dry process (from
flour).
Note 1. This is the earliest known book about soybeans
written in Chinese. Note 2. This is the earliest document seen
(May 2014) that contains a diagram of this type.
9. Value of soybeans in agriculture (incl. fertilizer
use). 10. Conclusion. Appendixes: (1) About the Société
biologique de l’Extréme Orient (Far-East Biological
Society). (2) Membership form for the Far-East Biological
Society (Paris): Date, name, A.K.A., Address, Occupation
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or subject of study, Place of birth. Please enclose 2 yuan
membership fee (p. A6). (3) Bibliography of publications on
soybeans by the Society of the Far East (p. A7-8). (4) Special
announcement concerning soybean research (p. A9).
Illustrations (line drawings) show: (1) Comparison of
shapes and colors of 7 different colors of soybeans (p. 5). (2)
Five views of soybean pods with beans, incl. outside of pod,
inside of both halves when open, with beans in one half, the
two cotyledons of a single soybean (p. 11). (3) Soybean plant
with pods (p. 12).
Photos show: (1) The cellular components and layers of
soybeans and hyacinth beans (p. 22, 23). (2) The interior and
equipment in Li’s soymilk and tofu plant on the outskirts of
Paris (p. 37). (3) Microscopic views of soymilk (doujiang)
and a liquid resembling soymilk made from soy flour (p. 38).
Tables show: (1) Size range (length, width, and
thickness; maximum, average, and minimum) of 7 colors of
soybeans: yellow bean, green skin bean, green bean, dark
bean {“black” or “crow” bean}, black bean, red bean, spotted
bean (p. 4). (2) Composition of four parts of a soybean plant:
Comparison, water, protein, oil, carbohydrates, ash (p. 18).
(3) Comparison of oil and protein content of 5 colors of
soybeans (red, black, green, white, yellow) from various
countries and regions: China, Japan, Southeast Asia, Russia,
Hungary, and France (p. 19). (4) Composition of soybeans,
hyacinth beans, and wheat (p. 21). (6) Comparison of the
price of tofu with that of various meats (p. 29). (7) Ash
content of soybeans, hyacinth beans, duck, uncooked rice,
cabbage, egg, beef, chicken, lamb, pork, carp, wheat flour
(p. 31). (8) Carbohydrate content of uncooked rice, wheat
flour, hyacinth bean, soybean (p. 32). (9) Weight of products
containing 100 gm of protein: Soybeans, tofu (somewhat
firm), hyacinth bean, uncooked rice, bread, cooked rice,
vegetables (p. 32).
Publications listed in the Bibliography (p. A7-8): Ta
tou–The soybean (this book; published 1909). Bean curd–20
centuries of great craftsmanship around the world (1908).
Soycrafting–China’s manufacturing specialty (1908). The
Paris Bean Curd Company (1908, illustrated). An outline of
the agricultural societies of France (1908). Note: the above
publications concern industrial matters.
A description of herbs (Chinese medicinal plants etc.)
(1909). TB [Tuberculosis] and its cure (1909). Note: the
above publications concern medicinal herb and health
matters.
The benefits of soyfoods (1909). Smoking and its
relationship to health, economics and industry (1909). Note:
the above publications concern industrial and health matters.
Special announcement concerning soybean research (p.
A9): “Gentlemen–Many of us in this society are researching
the benefits of the soybean. It may be considered as China’s
greatest resource. We have already published a number of
specialized reports. These have been made available to you.
In view of the fact that there are so many varieties of soybean

in China and that the regions of cultivation are so extensive,
we must rely upon you, our colleagues, in all parts of the
country to go into the field and collect data for us. Only then
will we be able to complete our research into every variety
of Chinese soybean. If we should receive your kind consent,
we beg you to be so good as to send the soybean varieties to
the Peking postal address of this Society (address is given).
We are interested only in soybeans (see pages 1-6 of this
book) and need one or two catties (0.5-1.0 kg) of each. Once
our research into the benefits and properties of these beans is
complete, we will submit a further report to this Society, in
order to repay your goodwill. If you would please advise us
of the cost of the beans and the postal charges, we will make
the appropriate refunds. We will also send you a copy of this
book as a modest token of our gratitude. Enclosed please find
an explanatory document. Please take the trouble to complete
this and send it together with the beans.
“The Paris/Far-East Biological Research Society”
On page A-10 is a form to be used when submitting the
Chinese soybean varieties.
318. Li, Yu-ying; Grandvoinnet, L. 1911. Le soja [The
soybean]. Agriculture Pratique des Pays Chauds (Bulletin
du Jardin Colonial) 11(102):177-96. Sept. See also:
11(103):270-94. Oct.; 11(104):360-75. Nov.; 11(105):45974. Dec.; 12(106):28-38. Jan.; 12(107):120-32. Feb.;
12(108):213-23. March; 12(109):302-08. April. 28 cm. [33
ref. Fre]
• Summary: This series of articles, published in book form
in 1912, is one of the earliest, most important, influential,
creative, interesting, and carefully researched documents
ever written about soybeans and soyfoods. Contents:
Introduction. Origin and history of the soybean. Soybean
culture. 1. Species and varieties of soybeans (botanical
characteristics, species {vernacular names in Asia}, varieties
{from China, Japan, India, Indochina, Hawaii, United
States, and Europe}). 2. Needs of the soybean: Climatic
(temperature, humidity), geographical area and varieties
grown (in Asia [Manchuria, Japan, Formosa, Korea,
Indochina], America, Guyane (“En Guyane, le soja mûrit”
[ripens or matures]. Note: This probably refers to French
Guiana [Guyane française], where Sagot and Raoul reported
in 1893 that soybeans had been grown successfully), Europe
[France, Italy, Russia], Southeast Asia (Océanie / Oceania)
[Philippines, Java, Borneo], and Africa [Algeria, Tunisia,
South Africa]), agrological needs of the soybean (physical,
chemical).
“Oceania.–The soybean has been cultivated for a very
long time in the Philippines, Java, and Borneo” (p. 194).
Illustrations (line drawings) show: Soybean plant
with roots (p. 182). Soybean pods and beans (p. 183). A
table (p. 191) and a graph (p. 192) show trade of soybeans,
soybean cake, and the total of the two from five Manchurian
ports (Newchwang, Antung, Ta-tung-ho, Dairen, and
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Suifenho [Suifenhe]) from 1905 to 1909; all have increased
dramatically. Also contains 12 other tables from other
sources. Note that this influential series of articles, like its
predecessor by Itie in the same journal, were in large part
prompted by the huge rise in imports of soybeans to Europe,
starting in 1908. The contents of these articles is almost
identical to that of the book by the same name, published in
1912, which see. Address: 1. Counseiller de 1ere classe au
Ministère de l’Agriculture de la Chine; 2. Ingénieur agricole
(G.).
319. Backer, Cornelis Andries. 1911. Schoolflora voor Java
[The flora of Java–a textbook]. Weltevreden: Visser & Co.
clxxix + 676 p. See p. 357-58. 24 cm. [Dut]
• Summary: A botanist, he lived 1874-. This is a botany of
Java. Three members of the genus Glycine are described on
pages 357-58: Glycine soja (the soybean), G. javanica, (the
wild soybean), and G. Koordersii. Address: Assistent aan het
Herbarium te Buitenzorg [Bogor, Java].
320. Sawer, E.R. 1911. Cedara memoirs on South African
Agriculture. Vol. II. Containing reports on feeding
crops and livestock experiments in South Africa. Natal/
Pietermartizburg, South Africa. 371 p. See p. 131, 177, 183218. Report X. The Legumes as Grain and Oil Crops: Soya
Beans. [15 ref]
• Summary: A superb, early overview of soybeans and their
uses in South Africa and England. Contents: An agricultural
romance. Early experiments with the soya bean [in Europe
and South Africa]. Export trade from Manchuria. The
course of prices. Consumption in Great Britain. Botanical
character. The commercial aspect. History of the oil market
during 1910. The adaptability of the bean. Germination
of seed. Climatic requirements. Classification of varieties.
Variety tests at Cedara: Black seeded (Buckshot and Nuttall
tested in 1906), brown seeded, green seeded (Samarow and
Guelph), yellow seeded (Mammoth and Hollybrook, planted
Nov. 1908). The cultivation of the crop. Times of planting.
Distances of planting. Manure experiments at Cedara.
Nodule formation and composition of the plant. Harvesting
soya beans. Storage of seed. Comparative yields of grain.
Soya bean oil. Uses of the oil [for cooking, paint, soap, etc.].
Soya beans as human food (incl. natto, tofu, miso, yuba,
shoyu {p. 209-11}). Digestion experiments [on humans in
Japan]. Milling experiments. Soya beans as stock food and
fertiliser. Live-stock experiments. Soya cake as fertiliser.
Soya bean as green forage.
Concerning industrial utilization: The Vice-ConsulGeneral at Yokohama writes that “the annual value of
fertilisers employed in this country (Japan) amounts on an
average to about £8,000,000 represented in equal proportions
by artificial fertilisers and soya bean cake.” The year 1908
was exceptional, however, in that the value of the bean cake
was 3.5 times that of the artificial fertilizers (p. 184).

During 1910 the linseed oil reached its highest price in
50 years (p. 190). Soya oil, now produced in large amounts
in Manchuria after the Russo-Japanese war took its place. It
was used in making paints, candles, and soaps.
Concerning germination (p. 191): At Cedara: “The
first crop was planted in 1903, and a maximum yield of
920 lb. of grain obtained per acre. In the following season,
characterized by unfavourable weather conditions, the
heaviest yield on a new series of plots was 780 lb. per acre. A
third season’s trial on the same ground, however, witnessed
a marked increase with local seed, the heaviest crop totalling
1,252 lb. of grain.”
Concerning soybean cultivation in British colonies
in Africa (p. 192): “Early last summer the late Sir Alfred
Jones shipped to West Africa soya beans for experimental
purposes, and it was subsequently reported by Mr. A.G.
Turner, who was entrusted with a special mission to
encourage this culture on the west coast, that the soya bean
could be successfully cultivated throughout the Gambia,
Sierra Leone, Nigeria, and the Gold Coast Colony, but that
the yield to the first experiment had only been from six to
eight bushels per acre, there having been a considerable loss
owing to faulty germination. Later results, however, were
phenomenally successful.”
Concerning soybean trials in South Africa (p. 192-93):
“During the past year favourable results have been received
from Umzinto [from Messrs. Archibald and Co., 52 miles
south of Durban; elevation 300 feet], Nel’s Rust Estate [64
miles north of Durban; elevation 2,710 feet], Nottingham
Road [elevation 4,807 feet], and Naval Hill [Mr. J.R.T.
Clouston of Garrow planted a few acres in 1908], Colenso
[elevation 3,200 feet], and Cedara [82 miles by rail from
Durban; elevation 3,540 feet; a number of varieties were
tested in 1906] in Natal; and from Barberton and Pretoria in
the Transvaal.”
Concerning comparative yields (p. 203): “As a grain
producer, the soya bean compares very favourably with other
leguminous crops, such as field beans, peas, etc. At Cedara
no other legume has produced, with chemical manures only,
so heavy a yield of seed; and no other legume, except the
lupine, has showed itself so much to be depended upon as a
grain producer.” “Land that will produce 10 muids of maize
per acre should yield at least six muids of beans after the
second year’s cultivation,...”
Concerning uses of the oil (p. 209): “Soya bean oil
has been found eminently suitable for the soap-makers’
purpose on account of its low content of free fatty acids and
of unsaponifiable matter or impurities. In the latter respect
it has been shown superior to any of the other oils or fats
of commerce, whether of vegetable or animal origin. The
glycerine, which is secured as a by-product of soap and
candle manufacture, is subsequently distilled for explosives,
such as dynamite, blasting gelatine, cordite, etc., and for
various purposes in the arts, for filling gas-metres, for the
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manufacture of inks, printers’ rollers, etc. The residue from
the distillation of glycerine is used in the manufacture of
boot blacking.”
Concerning human digestion experiments (p. 212): “The
general opinion of Japanese investigators, and others familiar
with Oriental dietetics, is that the protein in articles of food
prepared from soya beans is in a very available form, and
that these preparations are most valuable foods.”
Five photos show various men standing in a crop of soya
beans and in some of the variety plots at Cedara (1909-11).
An illustration (line drawing) shows a curing frame for soya
beans.
Tables show: (1) Yields in lb. per acre of soya beans
sown at different times, during 3 years (19-3-04 to 190506). For each year is given: Date of sowing, date of harvest,
yield of grain and straw, and manures used (superphosphate,
gypsum, and potash). The variety tested was Henderson’s
Early Green (Guelph) (p. 198). (2) Results of manure
experiments with soya bean (Early Green) in lb. per acre.
Sown 4 Nov. 1904. Harvested 13 March 1905. Increasing
yields “may be attributed to the association of nitro-bacteria,
the benefits of constant cultivation, and the accumulation of
humus and residues of fertilizers” (p. 200). (3) Feeding value
of soya bean cakes for manure, based on experiments by
Messrs. Lever Bros., Port Sunlight, Liverpool (p. 215).
Note 1. This is the earliest document seen (Oct. 2017)
that mentions the use of a soy oil or a soy oil derivative
(glycerine) in making printing inks.
Note 2. This is the earliest document seen (May 2004)
that mentions the use of soy oil to make candles (one of two
documents).
Note 3. This is the earliest document seen (Oct. 2017)
concerning the use of soy oil (or the glycerine derived from
it) to make explosives.
Note 4. The next section of this report (p. 218+) is about
ground nuts (Arachis hypogoea). Address: Director, Div. of
Agriculture and Forestry, Natal; Principal, Cedara School
of Agriculture; Formerly Asst. Secretary of Agriculture,
Southern Rhodesia.
321. Wehmer, Carl. 1911. Die Pflanzenstoffe–Botanischsystematisch bearbeitet: Chemische Bestandteile und
Zusammensetzung der einzelnen Pflanzenarten, Rohstoffe
and Produkte. Phanerogamen [Vegetable materials–
Organized according to systematic botany: Chemical
constituents and composition of the various plant species,
raw materials and products. Phanerogams]. Jena, Germany:
Verlag von Gustav Fischer. xvi + 937 p. See p. 362-63. 814.
Index. 26 cm. [28 ref. Ger]
• Summary: The entry for each plant species is accompanied
by an extensive bibliography, which is hard to use because
most journal titles are abbreviated, but spelled out only at the
beginning of the book. The entry for the soybean reads: 903.
Glycine Soja Sieb. (Soja hispida Mnch, Dolichos Soja L.).

Sojabohne.
Japan, China, widely cultivated, also in Europe, several
varieties (white, yellow, black, etc.), numerous forms–Seed
(Sojabohne) used as a foodstuff, also the source of a fatty
oil (Sojabohnenöl, Bohnenöl, bean oil; used as a human
food in China and Japan, also used technically) soy sauce
(Sojasauce, Shoju).
Leaves: Gives their composition.
Seeds: Gives their composition. Oil: Gives its
composition.
Minerals in the ash.
Sprouts. Address: Prof., Dr., Dozenten an der Kgl.
Technischen Hochschule zu Hannover [Germany].
322. Kolshorn (First Lieutenant). 1912. Die Soyabohne
[The soybean]. Asien: Organ der Deutsch-Asiatischen
Gesellschaft 11(5):68-70. Feb. [1 ref. Ger]
• Summary: “Only in the past three years has the soybean
(Soyabohne) achieved its importance in international trade.
And in actuality, its sudden emergence out of the darkness is
one of the most remarkable events in trade in recent times.
The circumstance that the upswing in a large export trade in
beans leaves everything else in the shadows–that the soybean
at a single stroke has taken on the same position in the export
list as tea and that if bean cakes are added in, it is even
competing for the position of silk, which stands at the top of
this list–that circumstance appears to provide the justification
to delve into its history and its present position in trade. The
following is therefore an attempt to give in to this wish, and
the desire is to provide some information about the bean with
regard to its cultivation, its methods of use, and the history of
its trade.”
These words form the introduction to a monograph
about the soybean (footnote: [first paragraph in English]
The Soya Bean of Manschuria [sic, Manchuria]. Imperial
Maritime Costums [sic, Customs]. II. Special Series: Nr.
31. Published by order of the Inspector General of Customs.
Shanghai 1911. Price 1.50 dollars (mex)).
To be obtained in Germany through Max Noessler,
Bremen.
This very well laid-out work contains six tables,
some of them in color, with illustrations of the various
varieties of bean and the preparation machines (both
Chinese and modern), as well as one map of Manchuria
for the elucidation of the area of cultivation and one table
with a diagram of the price fluctuations from January
1907 to December 1910, which was just published by the
International Sea Tariff Administration (Internationale
Seezoll-Verwaltung) in China. Through its bodies, this
administration is capable like no other of examining and
testing the origin, the significance, and the prospects of such
a trade article.
What follows below is therefore an excerpt from this
stimulating work:
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A. History: When it was that the soybean was introduced
in Manchuria is not known. But it appears that it arrived in
the north from the central provinces of China many centuries
ago. As a legume, it was in any case already traded in
ancient times. In the annals of the Chinese, for example, it
is mentioned how a ruler who was threatened by his brother
saved his life when he had to compose a poem of four lines
while taking seven steps. He chose this bean as the subject
of his poem, and by the solution of the task that had seemed
impossible, he won his life back. East Asia is in any case
the homeland of the soybean, and it was already a food for
the Chinese in the first centuries of the Christian calendar.
In addition, it is now grown from Hokkaido in the extreme
north of Japan as far as Java in Indochina and in fact even in
India.
B. Varieties of Soybeans: The soybean, whose scientific
name is Glycine hispida Mönch or Dolichos soya L., is
found in Manchuria in eight varieties. That is not a scientific
classification, though, but rather it corresponds to the trade
customs of the Chinese.
Among these, three main varieties are differentiated
once again on the basis of the color of the beans. But this
difference appears to only be an external one, although a
difference in oil content is apparently not to be ruled out.
“The three main varieties are: the yellow with the
subvariety “White Eyebrows” (because of a light spot at the
location where the bean clung to the pod), and then “round
golden” and “black navel” (because of a black spot at the
aforementioned location).
The green bean has two varieties–one of them has only
a green skin while the interior is yellowish, and the other one
is greenish all the way through.
The black bean has three varieties: large black (black
skin, green interior), small black (yellow on the inside), and
flat black (also yellow on the inside).
At the same time, there is also a vast number of nuances.
A Russian scholar has counted up to a total of fifty. With
these, there are of course no differences in the botanical
sense, but rather distinctions in the size and shape of the
seeds, in the height and growth of the plants, in the time to
maturity, etc. which are achieved through the breeding at
times with intent, at times unintentionally. The chance that
the varieties will continue to multiply further and further
is probable. According to reports from missionaries, a blue
variety is supposedly being grown in Kirin [today’s Jilin
City, China].
C. In General about the Growth of the Plant: The
soybean is an annual legume with a strong, nearly straight
stem which demonstrates only a slight inclination to bend.
The straight growth makes a comfortable harvest possible.
The stems are hairy, the trifoliate leaves show colorations
from blackish green to the lightest shadings of green, the
blossoms are very pale purple or faintly violet-blue. The
plants reach 2 to 3 feet high, and under favorable conditions,

occasionally even 4 feet. They bear pods of a length of about
2 inches, and specifically in an extraordinarily high quantity.
In the area around Tiehling [today’s Tieling, China], for
example, in 1910 from 42 to 105 (!) pods were found on
one single plant. The pods only contained 2 to 3 beans on
average, though, but those with 4 to 5 also occurred. The
brochure indicates that through the corresponding choice
of the varieties, the yield can be increased. The intense
hairiness of the pods is considered to be a protective measure
by nature against pests, among which are insects. The author
of these lines carried out observations in Schantung [today’s
Shandong Province, China] where the soybean was in fact
also grown although–at that time, at least–not to the scale
as in Manchuria. It was repeatedly observed how in the
bean fields, every single plant–the bean plants there reach
the height of one of our strong bush bean plants–was most
carefully searched for caterpillars and insects. I never saw
that these insects sat anywhere on the plant other than on the
softer underside of the leaves. By the large containers that
were filled with the insects, the plague of insects must have
been very large. (Incidentally, I was informed by a reliable
party that the smooth, fat, green caterpillars were squeezed
in order for the contents of their bodies to be eaten as a
vegetable, even if that was done only by the poorer classes).
Soil and Climate: The plant is not very sensitive to
drought as well as to light frosts, and it also tolerates
excessive moisture well. It gets along best in a mediumheavy soil with a good content of potassium, lime, and
phosphoric acid. In Manchuria, the soybean thrives on nearly
any soil, including on those that are very sandy. The area of
cultivation with the highest yield is the hilly area of north
of Mukden [today’s Shenyang, China], east of the Liao
[probably the Liao River in China]. These hills are composed
of weathered gneiss. They are covered with a topsoil that has
been created by the wind which is specifically deep enough
to allow the roots of the soybean, which do not penetrate to
a great depth, to form a firm foothold. The shorelands of the
Sungari [today’s Songhua River in China] and Liao rivers
along with their tributaries, with their mud deposits that are
rich in humus, offer a particularly favorable fertile soil.
The relatively high level of evenness of the climate of
Manchuria makes crop failures not very likely. Within that
context, the area under cultivation is increasing year after
year, especially in the north. That is the case because the
bean thrives as far as 47º north latitude, and specifically,
the further north that the bean is grown, the more valuable
it is. The best beans supposedly come from the area of
Pehtwanlintze (north of Charbin) [probably today’s Suihua,
north of Harbin, in today’s China].
Note: The soybean tolerates excessive moisture well.
(Continued). Address: Oberleutenant.
323. Li, Yu-ying; Grandvoinnet, L. 1912. Le soja: Sa
culture. Ses usages alimentaires, thérapeutiques, agricoles et
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industriels [The soybean: Its culture. Its food, therapeutic,
agricultural, and industrial uses]. Paris: Augustin Challamel
(Rue Jacob 17). 150 p. Illust. Index. 25 cm. Translated into
French and expanded from the Chinese edition, published
by la Societé Biologique d’Extréme-Orient (1910). [151 ref.
Fre]
• Summary: One of the earliest, most important, influential,
creative, interesting, and carefully researched books ever
written about soybeans and soyfoods. Its bibliography on
soy is larger than any published prior to that time. It was first
published as a series of eight articles in Agriculture Pratique
des Pays Chauds (Bulletin du Jardin Colonial) from
September 1911 to April 1912. Before being published as a
book, it was revised slightly by adding a table of contents at
the back, dividing the material into 5 parts with 19 chapters,
and adding several photos (p. 16-17), a world map showing
the distribution of soybean cultivation (p. 21), and an
interesting 2-page table (p. 66-67).
Contents: The soybean: Origin and history. Part I:
Soybean culture. 1. Species and varieties of soybeans:
Botanical characteristics, species, varieties (Chinese,
Japanese, Indian, Indochinese, Hawaiian, USA, European).
2. Needs of the soybean: Climatic, geographical area of
the soybean by region worldwide, agrological/soil needs,
fertilizers, soil preparation, the place of the soybean in crop
rotations. 3. Soybean seeds: Study of seeds (by weight,
by germination rate, selection of seeds), time of planting,
plant spacing, depth of seeding, rate of seeding per hectare,
method of seeding (broadcasting, in rows, in mounds).
4. The soybean during its vegetative stage: Germination,
transplanting, types of care (e.g., second dressings),
irrigation, flowering and fruiting, enemies of the soybean

(e.g., insects). 5. Harvest of soybeans: Time for harvest
(forage or grain), methods of harvesting (forage or grain;
mechanical mower), threshing (use of machine), yields of
soybeans (forage and grain in various countries, ratio of
seeds harvested to straw is about 1 to 2, yield of nutrients).
6. Fixation of atmospheric nitrogen by soybeans, and
improvement of the soil. 7. The soybean in mixed cultures
and alternate rows: With corn, cowpeas, rice, sweet sorghum,
or millet.
Part II: Chemical composition of the soybean. 1.
Composition of the plant: Minerals in the leaves and
total plant. 2. Study of the seed: Composition, chemical
composition, microscopic comparisons, table of analyses by
28 previous researchers, albumins, sugars, starch, dextrin or
dextrine, diastase, lipids, ash/minerals.
Part III: The soybean as human food and animal feed.
1. The soybean as feed for animals: Green forage and hay.
2. The soybean in human feeding: From the viewpoints of
physiology, economy, and gastronomy. The role of soya in
special diets: Vegetarianism, remineralization, diabetic, and
lactose intolerant.
Part IV: Food products based on soya. 1. Soymilk and
its derivatives: Soymilk (Methods of manufacture, Chinese
and modern at l’Usine de la Caséo-Sojaïne, nature and
properties [physical and chemical] and composition of the
milk, action of ferments and diastases (enzymes) on the
milk, uses of the milk, the residue from the soy dairy [okara],
condensed soymilk, powdered soymilk, fermented soymilk
(kefir, yogurt, etc.)), tofu (called Caséo-Sojaïne, or fromage
de soya; methods of production, coagulants, yield of tofu,
storing tofu, composition and comparison with various
meats, digestibility, culinary preparations made from tofu
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(smoked tofu, tofu pâté, tofu sausages)), Soy casein (food
and industrial uses). 2. Soy flour and its derivatives: Soy
flour, soy bread, wholemeal bread, other products based
on soy flour (as biscuits and cakes for diabetic diets). 3.
Soy oil and its by-products: Soy oil, physical and chemical
properties, usage, residue of the oil mill: the cake, price,
uses. 4. Use of the soybean as a legume: Whole soybeans
(composition and digestibility), soy sprouts (germes de soja),
green vegetable soybeans (le soja frais). 5. Fermented soy
condiments: Solid condiments from Japan: Tokyo natto (Le
Tokio-Natto) and Ping-Ming natto or tao-tche (Le Ping-mingNatto; fermented black soybeans with salt, ginger, orange
rind, etc. A similar product is made in China and called taotche). Paste condiments: Miso (four types and composition),
tao-tjung (Chinese miso). Sauces: Shoyu (its production,
varieties, properties, composition), chiang-yu (tsiang-yeou),
ketjap [kechap, from Java], tuong (from Annam, with rice or
corn), tao-yu (widely used in China and Japan, described by
Prinsen Geerligs). 6. Confectionery products: Comparison
with chestnuts, roasted soy flour to replace chocolate. 7. Soy
coffee (with analysis by Kornauth). 8. Special fermented
products: Kiu-tsee (a special commercial ferment from
Canton described by Thiersant), fermented soymilks.
Part V: Industrial uses of soybeans. Oil based: soap,
wax candles (bougie), and paint oils. Protein based: sojalithe
or soy stone which corresponds to lactite, insulators for
electrical apparatus, glue, etc. Conclusion. Addendum
(Complément) to Part III, Chapter 1: Soybean straw and

stems. Composition of various seeds, including soybeans.
Soy flour. The cakes from oil mills. Soymilk and the cake
from soy dairies (tourteau de laiterie, okara).
A very interesting table (p. 66-67, which does not appear
in the original 8 articles) shows earlier nutritional analyses
of the composition of soybeans by Steuf (from Hungary,
Mongolia and China), Schroeder, Caplan, Pellet (from China,
Hungary, Etampes), Muntz, Nikitin (black soybeans from
Russia, 2 samples), Lipski [Lipskiy] (yellow, from Russia),
Giljaranski (yellow from Russia, China and Japan; black
from China and Japan; green), König (Hispida platycarpa
black, Tumida yellow, brown and black), Prinsen (white from
Java and China), Goessmann, Kellner, USDA, Chemiker
Zeitung (white from Java and China, 29 Jan. 1896), Scuff
(misomame; miso soybeans), Zulkovski (yellow from China,
reddish brown from Mongolia), Institut Agr. de Vienne
(Austria; yellow from Vienna, reddish brown from Tyrol),
Ecole Imp. et Roy d’Ag. Hong (yellow from Mongolia and
China, reddish brown from China), Chez M. Olivier Lecq
(from Moravia), Lechartier (Etampes and black), Joulie
(yellow), Stingl and Morawski, Bloch (yellow, green, and
black), Balland, Cavendish Evelyn Liardet (yellow, brown,
green, black, and white), Jardin Colonial (Laos, Tonkin,
China), Aufray (Tonkin, Yun-nan), Homes Laboratory (black
from China, or white). Photos and illustrations are the same
as those referenced in individual sections of the book, except
for the following: A field of soybeans (p. 16). A soybean
plant growing in Europe (p. 17). Color illustrations appear
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facing pages 12, 22, and 64. Address: Li is from Societe
Biologique d’Extreme-Orient (Chine). Grandvoinnet is from
Ingenieur Agricole (G.).
324. Halsted, Byron D.; Groth, B.H.A.; Owen, E.J.;
Robinson, M.; Groth, M. 1912. Report of the Botanical
Department. New Jersey State Agricultural Experiment
Station, Annual Report 32:311-399. For the year ending Oct.
31, 1911. See p. 360-80.
• Summary: In the section titled “A study of the hypocotyl”
(p. 360-80), the soy bean (variety Ito San) is discussed at
length. “The hypocotyl in dicotyledonous plants... is that
portion of the initial stem that is located between the root
system and the stem system of the plant... At the upper
extremity it bears the two seed-leaves and the plumule, that
is, the seed bud that unfolds into the true stem and leaves.” In
the Ito San, the stout hypocotyl usually attains its full length
in 10 days.
Page 374 describes hypocotyls of the Ito San soy bean,
grown in a greenhouse, and first measured on 24 May 1911.
A photo (opposite p. 374) shows “Hypocotyls of mutilated
seedlings. The upper row shows soy bean seedlings, normal
at 1; a half cotyledon removed at 2; both half off at 3; one off
at 4; and both off at 5. A similar set of sunflower seedlings...
is shown in the lower half of the plate.”
In a light room, the average length of the hypocotyl of
32 Ito San soy beans was 8.03 cm, whereas in a dark room it
was 21.7 cm, or 2.7 times as long.
Note 1. This is the earliest English-language document
seen (Oct. 2006) that uses the word “hypocotyl” (or

“hypocotyls”) in connection with soybeans. The hypocotyl
is that part of a plant embryo or seedling that is below the
cotyledons.
Note 2. This is the earliest document seen (Aug. 2008)
that gives details on the “plumule” of soybeans. Webster’s
Dictionary defines plumule (derived from the New Latin
plumula, from the Latin diminutive of pluma, a small soft
feather, and first used in about 1727) as “1: the primary
bud of a plant embryo usually situated at the apex of the
hypocotyl and consisting of leaves and an epicotyl. 2: a
down feather.”
Webster’s Dictionary defines epicotyl (epi + cotyledon,
a term first used in about 1880) as “the portion of the axis of
a plant embryo or seedling above the cotyledonary node.”
Address: 1. Sc.D., Botanist; 2. Ph.D., Plant Physiologist. All:
[New Brunswick, New Jersey].
325. Iinuma, Yokusai [Chôjun]. 1912. Zôtei sômoku zusetsu.
Kusa-bu Sômoku-dzusetsu; or an iconography of plants
indigenous to, cultivated in, or introduced into Nippon
(Japan). Part I. Herbaceous plants. Revised and enlarged by
Omitaro Makino. 3rd ed. III (Vol. 11-15). Tokyo: Seibidô
(Tôri 3-chôme, Nihonbashi-ku). See vol. XIII, p. 929, 94551, 964 (p. 1, 17-23, 36 in this volume’s pagination). [Jap;
eng]
• Summary: This work consists of 20 volumes bound in
4 physical volumes. Volume I (containing vols. 1-5) was
published in 1907, Vol. II (vols. 6-10) in 1910, Vol. III (vols.
11-15) in 1912, and Vol. IV (vols. 16-20) also in 1912.
Soybeans are discussed only in Vol. III (vol. 13).
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The English-language title page lists the author’s
name as Yokusai Iinuma but it is often catalogued as
Chôjun Iinuma; he lived 1782-1865. Omitaro Makino was
a “Lecturer in Botany in the Science College, Imperial
University of Tokyo.” The text, a taxonomy of the soybean
and its varieties, is mostly in Japanese, but with key terms
romanized and simple illustrations (line drawings) describing
the various varietal shapes. For each species, the text is on
pages with Arabic page numbers, while the illustrations (line
drawings) are on pages with only Japanese page numbers.
Three main species of soybeans are listed, all members of the
genus Glycine and the family Leguminosae:
(1) Glycine Soja Benth. (the cultivated soybean; ômame,
mame). Text: p. 945-51. Illustration: (Ch. 13, Pl. XVII, p.
793). Also called: Dolichos Soja or Japansche Slingerboon.
It has 15 forms, each based on the seed shape and color,
and first named by Makino. Two simple illustrations (line
drawings) show the shape, and hilum size and location,
of each soybean form. Note that mame means “bean” in
Japanese: Forma Gogatsu-mame (5th month bean), Forma
Wase-mame, Forma Nakate-mame, Forma Okute-mame,
Forma Maru-mame, Forma Shiroteppo-mame, Forma
Kuro-mame (black soybean), Forma Kuroteppo-mame,
Forma Goishi-mame, Forma Aomame (green soybean),
Forma Kage-mame, Forma Aka-mame (red soybean, with
4 additional forms and colors), Forma Chamame (brown
soybean, with 2 additional forms and colors), Forma
Kurokurakake-mame, Forma Akakurakake-mame, Forma
Fuiri-mame [speckled].
(2) Glycine Soja Benth. forma lanceolata Makino.
(midzu-kugiri). Text: p. 951. Illustration: p. 794 (Ch. 13, Pl.
XVIII, p. 794).
(3) Glycine ussuriensis Regel et Maack. (wild soybean;
Tsuru-mame). Text: p. 964. Illustration: p. 808 (Ch. 13, Pl.
XXXII, p. 808).
Vol. III also discusses: Pueraria lobata (kudzu; kuzu).
Text: p. 954-55. Illust.: p. 798. Arachis hypogaea (the
peanut; rakkase, nankin mame). Text: p. 971. Illust.: p. 816.
Sesamum indicum (sesame seeds; goma). Text: p. 854-56.
Illust.: p. 696. Phaseolus radiatus L. var. aureus Prain.
(adzuki). Text: p. 956-58. Illust.: p. 800. Forma Natsuadzuki
Makino. Forma Akiadzuki. Forma Oadzuki. Forma
Udzuraadzuki. Forma Hokorikadzuki. Forma Shiroadzuki.
Forma Akaadzuki. Phaseolus radiatus L. var. flexuosus
Matsum. (tsuru adzuki). Text: p. 959. Illust.: p. 801.
Dunbaria villosa Makino. (no-adzuki). Text: p. 964. Illust.:
p. 809.
Note: The is the earliest document seen (Oct. 2004) that
uses the word “Forma” in connection with soybean variety
names. Address: Japan.
326. Koorders, Sijfert Hendrik. 1912. Exkursionsflora
von Java umfassend die Bluetenpflanzen mit besonderer
Beruecksichtigung der im hochgebirge wildwachsenden

Arten. Vol. II. [A flora of Java for excursions, including the
flowering plants with special attention given to species living
wild in high mountains. Vol. II.]. Jena, Germany: Verlag von
Gustav Fischer. 742 p. See p. 399-400. [1 ref. Ger]
• Summary: In this 4-volume work, volume II is
dicotyledons (archichlamydeae). The author reports 2 species
of Glycine (G. javanica Linn. and in G. soja Bth. [Bentham])
in Java. A botanical description of each is given. G. Javanica
grows in bushes/shrubbery (Im Gebuesch) on the plains and
in the mountains.
G. soja is an herbaceous plant that grows ½ meter tall,
with 3 leaves and long hairs. The small flowers are white or
violet and grow in clusters. The pods are 3-4½ by 8-10 cm,
with long hairs. In Java, it is often cultivated on the plains.
Its indigenous name (Einh. Name) is “Dekeman, Jav. Kr. D.”
[Note: We have been unable to decipher the meaning of this
sentence. It is apparently NOT a citation.]
Note: The author lived 1863-1919. On pages 402-03 of
this volume 2 he reports Pueraria phaseoloides. On 409-10
he reports five species of Dolichos: D. lablab, D. biflorus, D.
Junghuhnianus, D. truncatus, and D. falcatus. Address: Dr.,
Niederlaendischen Kolonialministeriums (Dutch Colonial
Ministry).
327. Winkler, Hubert. 1912. Botanisches Hilfsbuch
fuer Pflanzer, Kolonialbeamte, Tropenkaufleute und
Forschungsreisende [Botanical guidebook for colonial
settlers and officials, buyers of tropical goods, and
explorers]. Wismar: Hinstorffsche Verlagsbuchhandlung. 322
p. See p. 240-41. [1 ref. Ger]
• Summary: 1071. Soja hispida. Legume. One of the
most important and, indeed, also one of the oldest crops
of East Asia. In China, called ta-tou; in Japan, daidzu; on
Java, kadelee. Up to a one meter high bean-like plant with
trifoliate leaves and small, pale purple clusters of blossoms.
There are quite a number of varieties which differ from each
other primarily through the shape of the pod, and the shape
and color of the beans.
The soybean (Sojabohne) has a growth period of from
3½ to 4½ months and, in order to flourish, requires a great
deal of heat and light. Significant frosts cannot occur during
the growth period, and a monthly average of at least 20ºC
is necessary during the two warmest summer months in
order for it to thrive. The agronomic trials in Central Europe
have therefore provided only uncertain yields. The far more
regular climate of East Asia, on the other hand, allows for
a successful cultivation of the most varied of varieties.
A dry, deep soil is most beneficial for it. In East Asia, it
is frequently cultivated as an intermediate crop [within a
crop rotation]. A wide sowing, for instance 45 x 30 cm, is
absolutely necessary. During the blossoming period, the
soybean is sensitive to shading, but in more equatorial
latitudes, that is less the case. It can therefore be used as
an undercrop (Unterfrucht) in young tree plantings (coffee,
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cacao, etc.), particularly since it is among the nitrogen fixers
(Stickstoffsammler) and can also serve as a fodder plant.
“The soybean significantly exceeds the legumes that are
most commonly used as foods in its protein content. And its
fat content in comparison to those is virtually extraordinary
(20% and more). It is for that reason that in China and Japan,
it has been prized for a long time as a food, particularly
since a large part of the population there has to rely upon a
vegetarian diet. The soybean can replace the meat-based diet
up to a certain point. For that reason, a fatty mush (fettiger
Brei) that has been obtained from it is added to nearly all
dishes in place of butter. The beans are also boiled and
roasted, especially the black varieties, and eaten as a tasty
and nutritious side dish with rice. On the other hand, flour
and baked goods are prepared from white and green beans.
In particular, though, two fermented products are produced
in Japan and Northern China, for the production of which
the soybean finds use to an extensive degree: shoyu, the
soy sauce (Sojasosse) or bean sauce, and miso. Both of
them serve as seasonings for food and for the preparation of
soups, and the former is also used in England and America
for the production of famous piquant sauces [such as
Worcestershire sauce]. Another gourmet food at the national
level (Volksgenussmittel) that is produced from the early
white varieties is the so-called “bean cheese”, which in Japan
is called tofu, which is also left to freeze for the water to be
removed and is then called kori-tofu, or “ice bean cheese”
(Eisbohnenkäse).
In recent years, though, the soybean has also attracted
a very high level of attention in Europe. This is as a food
although to a low degree, even though in France, the
production has been tried of flour, bread for diabetics
(because of the low content of carbohydrates), cakes, sauces
for seasoning, jams, milk, and fresh and smoked cheese. And
the oil of the beans is a valuable food and, in its fresh state,
can very well serve for food purposes, since it does not have,
or possesses only to a very low degree, the laxative effect
that was attributed to it earlier.
Within the European sphere, though, the oil only comes
into consideration for industrial purposes, and specifically
for the manufacture of soap. It has established its position
especially in England. In 1909, no fewer than 400,000
[metric?] tons of soybeans (Sojasaat) were apparently
imported there in 1909. In more recent times, a rubber
substitute that carries patent protection was produced by
Gössel and Sauer from the oil of the soybean, although
no further experience about its use is available yet. And
in Japan and China themselves, the obtaining of oil is
carried out extensively. The residues of the pressing find
use primarily as fertilizer, and only in most recent times as
fodder. As such, the cakes, which are called “beancakes”
by the English, were already exported from East Asia to
Europe earlier on. Through the obtaining of fat–either by
pressing or by extraction–in Europe itself, this very well

digested and inexpensive concentrated feed has taken on an
increased value for our local agriculture. Added to this is
the fact that the hay and straw and the pods of the soybean,
including plants as silage, represent a good fodder that has
already been used for a long time in East Asia. Since the
plant also comes into consideration as a nitrogen fixer for
green manure, its cultivation is to be recommended not
only in our East Asian leased territory, but otherwise also in
our colonies.–Fesca, I. 163-165.–Tropenpflanzen [Tropical
Plants] II, (1898). 223; III (1899). 249, 255; XII, (1908).
232; XIV, (19410). 613.
1072. Soja japonica = Soja hispida.
Note: Translated by Philip Isenberg (MM, CT), Long
Beach, California. Address: Privatdozent an der Universitaet
Breslau [Germany].
328. Granato, L. 1913. A soja [The soybean]. Sao Paulo
Secretaria de Agricultura, Comercio e Obras Pulicas.
Boletim de Agricultura, Series 14. No. 3. p. 159-67. March.
Series XIV. [Por]
• Summary: Contents: Names of the soybean: Scientific
and in various foreign countries. Botanical characteristics.
Soybean cultivation: In Russia, France, Italy, Austria.
Harvest and yield: In Italy, Hungary, France, in Brazil at
the Agronomic Institute of Campinas (instituto Agronomico
de Campinas) where Dutra reported yields of 2,200 to
2,300 liters/hectare. The soybean as a food: Nutritional
composition and food value of the seeds of varieties analyzed
by König, of varieties cultivated in 1899 at the Agronomic
Institute of Campinas and analyzed by Mr. R. Bolliger. Soja
as a forage crop. Uses of the soy bean (esp. in Japan and
China): Miso, tofu (a type of cheese {queijo} called To-fu),
shoyu, koji, soy flour (farinha de soja).
Note 1. This is the earliest Portuguese-language
document seen (April 2013) that uses the word queijo or the
word To-fu to refer to tofu.
Note 2. This is the earliest Portuguese-language
document seen (Jan. 2019) that mentions soy flour which it
calls farinha de soja.
Three bar charts (p. 165-66) compare the protein
(albuminoides), oil and fat, and carbohydrate content of the
soybean with those of other major foodstuffs (of both animal
and vegetable origin, such as common beans {feijao}, beef,
eggs, wheat, etc.). Soybeans have the highest content of
protein, and of oil or fat, of all foods with which they are
compared.
329. Woodhouse, E.J.; Taylor, C. Somers. 1913. The varieties
of soy beans found in Bengal, Bihar, and Orissa and their
commercial possibilities. India Department of Agriculture,
Memoirs. Botanical Series 5(3):103-76. March. Plus 4 plates
on unnumbered pages. Also published as a book in Calcutta
by Thacker, Spink & Co. and in London by W. Thacker &
Co. 28 cm. [15 ref]
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• Summary: Contents: 1. Introductory. 2. Nomenclature. 3.
Varietal characters of soy beans: Habit, foliage, pubescence,
flower (morphology, pollination, extent of natural crossing),
pods, seeds (morphology), seeds (composition; black,
yellow, and chocolate seeded varieties grown by the authors
from seed obtained in 1909; the back varieties contained
significantly more nitrogen/protein and less oil), maturity,
diseases. 4. Description of types: Kala Bhetmas, Safed
Bhetmas, Lal Bhetmas, Barmeli Bhetmas, Nepali Bhetmas
(obtained from Kalimpong and tested at Sabour in 1911).
5. Distribution. 6. Cultivation. 7. Yield. 8. Price. 9. Uses:
Food-stuff, bean sauce (soy, or shoyu), chiang or miso,
tou-fu (tofu), soy beans as a green vegetable, oil (for use in
England in soap-making, or in China “as an illuminant, as a
substitute for lard in cooking, though it is inferior to rapeseed
and sesamum oil for this purpose, as a lubricant for greasing
cart axles, or for waterproofing cloth”), cake and flour. 10.
General conclusions.
“In 1909 the survey work on the crops of Bengal was
commenced, and in July of that year a number of trial
plots of the chief pulse crops of the Province were sown
for identification and field study. Among these were three
samples of Bhetmas, of which one sample of black-seeded
Bhetmas, received from the Settlement Officer, Bhagalpur,
was found to be pure for seed characters... All the plots did
well and were identified as varieties of the Soy Bean, but
in October it became apparent that the black-seeded type
differed from the other two in having darker bullate leaves
and a more prostrate habit...
“In 1910 the seed of the single plants which had been
analysed was sown together with some samples obtained
by Mr. A.C. Ghosh from the Kurseong bazar [bazaar]... a
distinctly earlier black seeded form was obtained from a plot
(E256 of 1910) grown from seed collected at the Bankipur
Exhibition. The trial plots of the seed from Kurseong failed.”
“In 1911... the success of the plots of the acclimatized
American varieties induced us to exchange seeds of the
Bengal types with Mr. Piper, of the United States Plant
Industry Bureau, who kindly supplied us with seed of
the varieties, Barchet, Duggar, Haberlandt, Hollybrook,
Mammoth, Pekin [Peking], Pingshu. Another attempt was
made to cultivate at Sabour the varieties grown in the
Sikkim Himalayas, and plots of the Nepali, Barmeli, black
seed, greenish yellow seed and chocolate seed varieties
were obtained from Mr. Goodwin, Superintendent of the
Kalimpong Homes Farm, and grown successfully at Sabour”
(p. 104-05). Note 1. This is the earliest document seen (Aug.
2013) that spells the soybean variety named “Peking” as
“Pekin.” This spelling also appeared in Cuba in 1920 (3
documents), in Argentina in 1922, and in the United States in
1925 (in Alaska, see Georgeson 1925).
Concerning seed morphology (p. 114-15): The weight of
100 seeds in some of the American varieties such as Barchet,
Pekin and Pingshu have remained approximately constant,

whereas others, such as Duggar, Hollybrook and Mammoth
have decreased in weight more or less considerably during
the past season. The Nepali type has decreased in weight
from 24.4 grams to 12.8 grams per 100 seeds. The variation
in weight per 100 seeds in the case of varieties cultivated in
new localities would appear to give a good indication of the
adaptability of a variety to its new environment.”
The authors record the results of a large number of
selection experiments which they have carried out with a
view to obtaining early-maturing types rich in oil, and also
deal briefly with the cultivation and uses of soy beans.
Concerning uses (p. 138): “In Bengal, soy beans are
used very little for food as they are said to be too heat
producing. It is usually taken after frying over a heated sand
bath as bhunja, but it is also heated, crushed, and then used
as dal, and also as larua mixed with gur.” In the “Soya Bean
of Manchuria” (1911), Shaw states that soy beans can also be
used to make bean sauce or shoyu, chiang or miso, and toufu (tofu). They can also be used to make oil, cake, and flour.
“General conclusions (p. 140): At the present time, Soy
Beans are grown to a slight extent only in the Darjeeling hills
and to no appreciable extent elsewhere although satisfactory
yields have been obtained in the experiments conducted by
the Agricultural Department in both these areas. We may
ascribe the present unpopularity of the crop to the following
reasons. For export the price offered in Calcutta is not yet
sufficiently attractive; as a food-stuff it is more potent than
the ordinary pulses to which the people are accustomed;
as a crop for growth in the plains it has the disadvantage
of occupying the land during two seasons, it may suffer
from waterlogging during the rains, and requires plenty of
moisture in October, and it harbours rats during the last two
months of its growth. These objections do not appear to us
by any means unsurmountable [insurmountable]... The use
of Soy Beans for food could be extended if the educated
classes once appreciate its value as an addition to a rice diet,
and experiment with its preparation for food on the lines
suggested.”
“Its cultivation in the hills would probably be largely
extended on the present lines as soon as the price reached
a satisfactory figure. It only remains to say that our work
is being continued on the lines indicated in this paper with
a view to isolating early maturing types possessing a high
yield of oil.”
Contains many tables (the 13 tables before page 143 are
unnumbered, and many contain no caption), mostly showing
the composition of various black, yellow, and chocolate
soy beans and the history of descendants of various singly
selected plants. Black soy beans contain on average 6.72%
nitrogen and 13.52% oil. Yellow soy beans contain 5.61%
nitrogen and 16.99% oil.
Note 2. Therefore black soy beans contain 19.8% more
nitrogen [protein] and only 79.6% as much oil as yellow soy
beans. Chocolate-colored soy beans contain 5.57% nitrogen
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(the least of all three types) and 17.13% oil (the most of all
three types).
A table titled “Life periods of American varieties of Soy
Beans grown at Sabour, 1911” (p. 124) gives information on
eight varieties: Barchet, Duggar, Haberlandt, Hollybrook,
Mammoth, Pekin, Pingshu, and Riceland. For example,
Duggar: Origin: S.P.I. No. 17268C. Date of planting: July 12,
1911. Date of harvesting: Oct. 11. Life period at Sabour: 91
days. Life period in the U.S.A.: 110-120 days.
Another table titled “Yield of the types of soy beans
found in Bengal, Bihar, and Orissa” (p. 135) lists 8 varieties,
and for each: Where grown, dates of sowing, area sown,
approximate yield in lbs/acre, corresponding yield (on
unmanured land) in mds., srs., and chtks. [mds. = maunds;
1 maund = 82.28 pounds or 37.32 kg; srs. = seers; 1 seer
= 2.05 pounds; chtks. = chittaks or chittacks or chattaks or
chattacks; 1 chittak [also chattak or chattack] = 1/16 seer =
900 grains = about 2 ounces], and remarks. Two trials gave
yields of more than 2000 lb/acre (2,189 lb from the variety
Nepali in Kalimpong, and 2,164 lb for a Chocolate variety at
Bankipur Farm). Seven additional trials gave yields of 1,000
to 1,400 lb/acre.
Numbered tables (starting on p. 143) show: (1) Black
soy beans: The history of descendants of various single
selected plants. (2) Yellow soy beans (Type 3): The history of
descendants of various single selected plants. (3) Chocolate
soy beans (Type 4): The history of descendants of various
single selected plants. (4) Variations in 24 plots grown
from each plant descended from sowing of seed from the
single plant No. 94c. (5) Detailed table showing the results
obtained from 150 samples of black soy beans analysed
in 1911 (p. 146-55). (6) Detailed results obtained in 1911
with 150 samples of yellow soy beans (Type 3) (p. 155-64).
(7) Detailed results obtained in 1911 with 152 samples of
chocolate soy beans (Type 4) (p. 165-74). (8) Life periods of
Bengal varieties of soy beans grown in Bengal.
Photos on unnumbered pages near the end show: (1)
Type I–”Late Black-seeded” soybean variety, photographed
28 Oct. 1911. (2) Type V–Barmeli variety. (3) Type VI–
Nepali variety on left, and Type IIIa–”Upright long branched
greeny yellow seeded variety on right.” (4) Barchet variety,
photographed 30 Oct. 1911.
Four graphs on the last page show the distribution of
chocolate, black, and yellow soybeans according to both
their nitrogen and oil contents.
Note 3. This is the earliest document seen (Oct. 2010)
that clearly refers to the cultivation of soybeans in Bengal
(probably later Bangladesh). Address: Economic Botanist to
the Government of Bihar and Orissa, India.
330. Morse, W.J. 1913. Re: Soy bean hybrids, mottling, and
cross pollination. Letter to Mr. C.O. Cromer, Associate in
Crops, Purdue University, Lafayette, Indiana, April 29. 2 p.
Typed, without signature (carbon copy). [1 ref]

• Summary: “Dear Sir: Your letter of April 24th and sample
packages of three varieties of soy beans sent to Professor
C.V. Piper have been handed to me for attention.
“The variation in color of the seeds or rather mottling
is due to cross pollination. Until about six years ago it was
generally supposed that natural hybrids of the soy bean did
not occur. About that time it was noted in the bulk seed
gathered at Arlington Farm [Virginia] that there occurred
mottled colored seeds such as smoky green and smoky
yellow, brown and yellow, black and yellow, black and
green, etc. These seed are carefully saved and sown the next
year. The result was rather a diverse progeny showing that
the seed were of hybrid origin.”
Morse then refers Cromer to: Piper, Charles V.; Morse,
W.J. 1910. “The soy bean: History, varieties, and field
studies.” USDA Bureau of Plant Industry, Bulletin No. 197.
84 p. Dec. 31. There (p. 20-21) “you will find the matter
of pollination and hybridization of the soy bean taken up
briefly.” The soy bean flower is completely self fertile; cross
pollination–which is quite infrequent–is brought about by
bees and other insects that visit the flowers.
“With regard to the Ito San variety being a sport of the
Early Brown variety, I will say that the Early Brown is a
selection out of the Early Yellow which is another name for
the Ito San. The Early Brown was originally obtained by
your station from Mr. E.F. Diehl, Leesburg, Indiana, who
made the Brown selection out of the Early Yellow.”
Location: National Archives, College Park, Maryland.
Record group 54–Bureau of Plant Industry, Soils and
Agricultural Engineering. Subgroup–Div. of Forage Crops
and Diseases. Series–Correspondence with State Agric.
Exp. Stations, 1899-1923. Box 12–Illinois-Indiana. Folder–
Indiana Experiment Station–#3.
Sent to Soyfoods Center by Jacob Jones of Purdue
Univ., Aug. 1998. Address: Scientific Asst., Bureau of Plant
Industry, Washington, DC.
331. Willard, R.E.; Humbert, E.P. 1913. Soil moisture. New
Mexico Agricultural Experiment Station, Bulletin No. 86. 86
p. April. See p. 19, 27-31, 42-44, 72, 74-79. [1 ref]
• Summary: These experiments concern water conservation
during irrigation of crops in New Mexico, and the
phenomena of capillary action, percolation, seepage,
evaporation, transpiration, etc. The plants were grown in
tanks under controlled conditions. The section on “Wilting”
(p. 17-19) states that “during the season of 1911 the same
system should be followed for determining the wilting point
of soy beans.” But the furrow system of irrigation was not
well designed. “As a consequence it was necessary to replant
the crop of soy beans in 1911 as sufficient moisture from a
two-inch irrigation would not rise to the seed in sufficient
amounts to germinate when the planting was done on the
tops of the ridges” (p. 27-28). When a crop of soy beans
was produced on sandy loam soil, little moisture was lost
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by seepage below four feet when 20 inches of water were
applied (p. 29).
Table 8 (p. 31) shows percolation of soy beans in tanks
in 1912. Table 16 (p. 44) “shows the transpiration of soy
beans as determined on the tanks in 1912. The table shows
the total irrigation in inches and the total transpiration loss
from each tank, and the yield per tank and per acre. The
transpiration varies from 391 pounds to 654 pounds with
an average of 491 pounds of water required to produce one
pound of dry matter. The yield per acre was from two to four
tons.
“The average amount of water required on an acre where
two tons of soy beans are produced is therefore about 8.5
inches per season.
“It should be noted that the crop went to maturity and
was harvested for seed. If the cutting had been done for hay
the transpiration would have been somewhat less.”
Table 31 (p. 72) shows the loss of moisture from the first
6 feet on the Adams (Soy Bean) Plats in 1911. The amount of
each irrigation ranged from 1-4 inches.
“The furrow system of irrigation shows a saving of
moisture over the flooding system. The cultivation of the soil
so as to form a mulch about 3 or four inches in depth seems
to be the most practical and conserves large amounts of
moisture that would otherwise be lost by evaporation.”
The duty of water is the value of one inch of water when
the total applications vary on the same crop. Tables 34, 35,
and 36 (p. 76-79) show data concerning the duty of water
on soy beans on soils in tanks and in the field. “It may be
concluded from this work that irrigation for soy beans on this
soil should be about three inches at each application, with a
maximum of about 20 inches for the season. The results do
not justify the cultivation with a horse.”
Conclusions on duty of water: “The foregoing results do
not justify the growth of wheat or corn on soils of this sandy
loam character. The total yields or the duty of water do not
approach standard returns.
“Soy beans showed a good growth. It is concluded that
this crop should receive about 20 inches of water during
its growth and this should be applied in three- or four-inch
applications.” Address: 1. Asst. Prof. of Agronomy 19101912; 2. Ph.D., Agronomy [Las Cruces, New Mexico].
332. Ueberall, A.J. 1913. Das Botanische Institut. Ein
Beitrag zu unserer Besichtigung vom 1 Juni 1913 [The
Botanical Institute. A contribution to our visit of 1 June
1913]. Drogisten-Zeitung (Vienna) 28(27):275. July 4. [Ger]
• Summary: The Chinese-Japanese flora includes... legumes
such as the soybean (Sojabohne {Soja hispida}) which finds
a great variety of uses.
333. Paerels, J.J. 1913. Tweede Gewassen [Second crops].
Oost-Indische Cultures (Dr. K.W. van Gorkom’s) 3:276-88.
[11 ref. Dut]

• Summary: See Prinsen Geerligs (1913, vol. 3, p. 276-88).
Address: Indonesia or Netherlands.
334. Prinsen Geerligs, H.C. ed. 1913. Dr. K.W. van
Gorkom’s Oost-Indische Cultures, opnieuw uitgegeven onder
redactie van H.C. Prinsen Geerligs. Compleet in drie deelen
[Dr. K.W. van Gorkom’s East-Indian crops. New edition. 3
vols.]. Amsterdam, Netherlands: J.H. de Bussy. See vol. 3, p.
276-88. Illust. Index. 27 cm. [7 ref. Dut]
• Summary: In vol. 3 is a section on “Second crops (Tweede
Gewassen)” (p. 243-91). Chapter 4 (Hoofdstuk IV) of that
section is titled “Soybeans (Soja)” (p. 276-88). Contents:
Origin and native land. The soybean plant: Botanical
description (flowers, seeds, fertilization, germination),
types and varieties, geographical distribution. Cultivation
of soybeans: General instructions for growing, planting,
manuring, diseases and pests. Production, trade, and use of
soybeans: Tofu (Tao-Hoe), Chinese soy sauce (Tao-Yoe),
soybean paste (Tao-Tjiong), Tempeh, composition and
nutritive value (samenstelling en voedingswaarde).
Note: This is the earliest document seen (April 2021)
that contains the term Tao-Tjiong, a term, and perhaps a
product, that appears to be between doujiang (Chinese-style
miso) and tao-tjo (Indonesian-style miso).
Photos show: (1) A soybean plant that bears blackseeded varieties (p. 277). A soybean plant that bears whiteseeded varieties (p. 278).
Also discusses (in vol. 2): Peanuts (p. 227-41). Sesame
seeds (p. 247-51).
Reprinted in Van Gorkom 1918, p. 839-51. Karel
Wessel van Gorkom lived 1835-1919. Address: Amsterdam,
Netherlands.
335. Bois, D. 1914. Extraits des procés-verbaux des séances
de la société. Cinquième section. Botanique. Séance du 16
Février [Excerpts of verbal proceedings from meetings of
the society. 5th Section. Botany. Meeting of 16 Feb. 1914].
Bulletin de la Societe d’Acclimatation 61:304-10. Feb. See p.
307-08. [Fre]
• Summary: Page 307 states: Mr. Bois then presents
information on the germination of two species of legumes:
Phaseolus Mungo and Soja hispida (mung beans and
soybeans), and confirms that the food product that is
now widely sold in Paris under the name germes de Soja
(“soybean sprouts”) is actually mung bean sprouts (see the
book Potager d’un curieux [The inquisitive person’s kitchen
garden], by A. Paillieux). He reads a note he wrote with the
goal of highlighting and putting an end to this confusion.
This note will be published in the society’s Bulletin.
“Our colleagues Messrs. Rivière and Le Fort, recalled
on this occasion the numerous food preparations that can
be made with soybeans. Mr. Le Fort noted an article from
a German journal (Molkerei Zeitung), reproduced in the
29 January 1914 issue of Journal des Halles et Marches,
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according to which a company named Soyama-Werke has
been founded in Germany near the Bockenheim railway
station. The goal of this organization is to conduct trials for
the production of an artificial milk made from soybeans and
other substances.” Address: France.
336. Piper, C.V. 1914. The name of the soy bean: a chapter in
its botanical history. J. of the American Society of Agronomy
6(2):75-84. April. Includes long letter by Sir David Prain. [4
ref]
• Summary: Note 1. This is the earliest document seen
(March 2021) that gives the soybean the name Soja max.
It shows conclusively that the oldest specific name for the
soybean is Phaseolus max L. and indicates that because all
but one of the original species of the genus Glycine L. having
been removed from the genus, the generic name Soja should
be taken up.
It contains a lengthy analysis of the evolution of soybean
taxonomy and of the name, starting with Linnaeus’ early
classifications of Phaseolus max, P. radiatus, and P. mungo,
and including a lengthy elucidation by Sir David Prain,
director of the Royal Botanic Gardens, Kew, of how and
why Linnæus had initially confused the soybean and mung
bean, then later corrected his confusion. Linnæus eventually
realized that the plant he had described as Phaseolus max
was the same as the one he had named Dolichos Soja.
Prain noted: “’It is very fortunate that Linnæus’s
specimen of P. max came from Hortus Cliffortianus because
it so chances that this is one of the Cliffortian plants of which
there is no example in the British Museum. The record that
the plant was grown in Hort. Cliffort. from seed secured in
Virginia is one as to which I must leave you to decide upon
the accuracy of. All that I know is that whether the plant was
raised from seed secured in Virginia or not Linnæus was
perfectly well aware that the species in question is a native of
the old world.’”
“’As regards P. mungo L. the fact remains that whatever
may have been the origin of the plant he describes, no
specimen appears ever to have been added by Linnæus to
his herbarium and all that we are justified, by the evidence
available, in assuming is that Linnæus, in 1767, as already in
1753 deemed Mungo the precise equivalent of Max. If this be
so, it may very fairly be asked why, in 1753, did Linnæus use
Max in preference to Mungo and why in 1767 did he drop
Max and use Mungo instead?
“’The answer in both cases seems to me self evident.
Of the two synonyms Mungo and Max, clearly Max was the
oldest because Mungo occurs for the first time in Garcia del
Huerto while Max goes back to Avicenna. Linnæus chose
Max because of its greater age.
“’In the other case Linnæus in all good faith supposed
that “Buncæ” of Hermann and the plant he saw in Clifford’s
Garden were the same thing as Mungo and Max, at the time
he wrote the Flora Zeylanica. He had no suspicion that the

plant he had described was different from the plant who
name he had adopted when he published the first edition of
the Species Plantarum in 1753. He was still unconscious
of the extraordinary blunder he had committed when he
published the second edition in 1763. But some time after he
had published the second edition of the Species Plantarum he
obtained from some one seeds of the plant he had described
in 1753 as Dolichos Soja. He raised plants from these seeds
at Upsala [Uppsala, Sweden] and put specimens into his
herbarium some time before 1767 when he for the first time
recorded its existence in his collection.
“Linnæus was at last in a position to see that the plant
he had described as Phaseolus max was the same as the one
he had named Dolichos Soja and that the Mung crop (Mungo
or Max) was still without a name. It may be that in putting
matters right Linnæus felt that to continue for the “Mungo”
or “Max” crop the name Max might lead to confusion and
that to obviate this confusion it was desirable to substitute
the other name Mungo...
Piper concludes: “The fact that the name Phaseolus
max belongs to the soy bean makes it necessary to revise
the botanical designation of the latter plant. Inasmuch as the
specific name max as applied to the soy bean appears on a
previous page to the name soja, it has priority according to
all botanical codes and hence must be adopted as the specific
botanical name of the soy bean.
“In most botanical works the soy bean is called Glycine
hispida (Moench) Maximowicz. By a few writers it is named
Soja hispida Moench. The use of either of these names is
based on the idea that the wild soy bean Glycine soja Siebold
and Zuccarini or Glycine ussuriensis Regel and Maack is
a different species. As Piper and Morse (Bureau of Plant
Industry, Bulletin 197), have shown, this view is untenable,
the wild and the cultivated plants representing but one
species. The cultivated plant was first named Dolichos soja
L. (Species Plantarum, 2:727, 1753), but as the specific name
soja was used later by Siebold and Zuccarini for the wild
plant, it has since been generally used in that sense. With
the recognition of the fact that there is but one species and
not two the name Glycine soja (L.) Siebold and Zuccarini
designates the cultivated as well as the wild plant. But the
specific name soja must now give way to that of max.
“Unfortunately there is also question as to the proper
generic name to be attached to the soy bean. Nearly
all botanists have used the name Glycine for the genus
containing the soy bean and related species, but a few have
used Soja. Soja was proposed by Moench in 1794 and
included only the soy bean.”
Page 84: The article concludes with this sentence:
“Following this interpretation the soy bean must be named
Soja max.”
Note 2. This is the earliest document seen concerning
soybean cultivation in Sweden. This document contains
the earliest date seen for soybeans in Sweden, or the
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cultivation of soybeans in Sweden (by 1767). The source
of these soybeans may have been Clifford’s Garden in the
Netherlands. Address: U.S. Dep. of Agriculture, Washington,
DC.
337. Piper, Charles V. 1914. Forage plants and their culture.
New York, NY: The Macmillan Co. xxi + 618 p. Aug. See
p. 513-38. Illust. Index. 20 cm. Series: The Rural Text-Book
Series, ed. by L.H. Bailey. [9 ref]
• Summary: Note: This is the best book on the subject to
date. It was reprinted (with new publication date but without
changes) in 1916, 1919, and 1921.
Contents: 1. Introduction. 2. Preservation of forage. 3.
Choice of forage crops... [chapters an various grasses (incl.
Velvet grass {Holcus lunatus}), sorghums, and millets]. 4.
Seeds and seeding.
5. Meadows and pastures. 6. The statistics of forage
crops (“In the same way as the straw of cowpeas, Canada
and garden peas, soybeans and other leguminous seed crops
has also a considerable value as forage,” p. 114). 7. Timothy.
8. Blue-grasses, meadow-grasses and redtop. 9. Orchardgrass, tall oat-grass and brome-grasses.
10. Other grasses of secondary importance. 11. Perennial
grasses of minor importance. 12. Southern grasses. 13.
Sorghums. 14. Millets and other annual grasses.
15. Alfalfa. 16. Red clover. 17. Other clovers–Alsike,
Hungarian, White and Sweet. 18. Crimson clover and other
annuals. 19. Peas and pea-like plants (incl. Chick-pea {Cicer
arietinum} and Grass-pea, vetchling or chickling vetch
{Lathyrus sativus}).
20. Vetches and vetch-like plants: Common vetch (Vicia
sativa), hairy vetch (Vicia villosa), narrow-leaved vetch
(Vicia angustifolia), purple vetch (Vicia atropurpurea),
wooly-pod vetch (Vicia dasycarpa), scarlet vetch (Vicia
fulgens), ervil or black bitter vetch (Vicia ervilia), narbonne
vetch (Vicia narbonnensis), horse bean (Vicia faba), bird or
tufted vetch (Vicia cracca), tangier pea (Lathyrus tingitanus),
flat-podded vetchling (Lathyrus cicera), ochrus (Lathyrus
ochrus), fenugreek (Trigonella foenum-græcum), lupines
(Lupinus spp.), serradella (Ornithopus sativus), square
podded pea (Lotus tetragonolobus).
21. Cowpeas. 22. Soybeans. 23. Other hot-season annual
legumes: Lespedeza or Japan clover, Florida velvet bean
(Stizolobium deeringianum) [later renamed simply “Velvet
bean” (Mucuna pruriens)], peanut (Arachis hypogæa),
Florida beggarweed, the jack bean (Canavalia ensiformis.
“Owing to confusion with the similar species cultivated in
Japan, China, and India, it has also been called the sword
bean and the knife bean, but those names properly belong to
the Asiatic species {Canavalia gladiata}, used principally as
a vegetable), mung bean (Phaseolus aureus), urd (Phaseolus
mungo), moth bean (Phaseolus aconitifolius), adzuki bean
(Phaseolus angularis), bonavist or hyacinth bean (Dolichos
lablab), guar (Cyamopsis tetragonoloba).

24. Miscellaneous perennial legumes: Sainfoin
(Onobrychis cicioefolia), sulla or Spanish sainfoin
(Hedysarum coronarium), kudzu (Pueraria thunbergiana),
flat pea (Lathyrus silvestris var. wagneri), kidney vetch
(Anthyllis vulneraria), goat’s rue (Galega officinalis), bird’s
foot trefoil (Lotus corniculatus), Astragalus falcatus, furze
(Ulex europoeus).
25. Miscellaneous herbs used as a forage (incl.
Sunflower {Helianthus annuus}). 26. Root crops and other
comparable forages (incl. rape {Brassica napus}, Jerusalem
artichoke, chufa {Cyperus esculentus}, and cassava).
The Introduction (p. 1) states: “1.–Forage includes
any vegetable matter, fresh or cured, eaten by herbivorous
animals, such as grain, hay, pasturage, green feed, roots and
silage. The term feed is synonymous with forage, although
sometimes restricted to grain. Fodder and stover are also
identical in original meaning, but in the United States are
used with special significations.
“Forage crops include only those plants grown primarily
for feed and of which animals consume all or much of the
vegetative parts; that is, herbage, or roots. Most cereal
crops are also grown for hay, pasturage or silage, and when
thus grown may be considered forage crops. Several plants
cultivated in other regions as cereals are in the United States
grown mainly or wholly for forage. Among these are the
grain sorghums, penicillaria, foxtail millet and proso or
broom-corn millet. The distinction between cereals and
forage crops in such cases is arbitrary. Such a plant is a
cereal when grown primarily for the grain, and a forage
when grown primarily for the herbage.
“Fodder (German futter) really means the same as feed.
In the United States the term is used mainly in reference to
corn cut before the plant is fully mature, and from which the
ears are not removed. The stems and leaves when dried and
after the ears are removed is called stover. In the Southern
States the term fodder is applied to the dried leaves and tops
of the corn plant, removed while green, and before the ears
are fully mature.
“The terms fodder and stover are also used in connection
with the sorghums and similar coarse grasses.
“Hay consists of the entire dried herbage of
comparatively fine-stemmed grasses or other forage plants.
It is commonly dried or cured in the sun, but artificial drying
apparatus has been used.” Address: M.S., Agrostologist
in Charge of Forage Crop Investigations, Bureau of Plant
Industry, USDA [Washington, DC].
338. Piper, Charles V. 1914. Soybeans (Document part).
In: C.V. Piper. 1914. Forage Plants and Their Culture. New
York, NY: MacMillan Co. xxi + 618 p. See p. 513-38.
• Summary: Contents: Introduction. Agricultural history.
Botany. Description. Soil adaptations. Climatic adaptations.
Importance. Desirable characters in soybean varieties.
Commercial varieties. Preparation of soil and cultivation.
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Rate of seeding. Time of seeding. Method of seeding.
Depth of planting. Inoculation. Life period. Time to cut for
hay. Hay yields. Fertilizers. Soybean mixtures: Soybeans
and corn, soybeans and cowpeas, soybeans and sorghums,
soybeans and Johnson-grass, soybeans and millet. Silage.
Rotations. Feeding value of soybean hay. Seed-production.
Pollination. Seed yield. Seeds. Pests. Breeding. Soybeans
and cowpeas compared.
“The soybean is the most productive as regards seed of
any legume adapted to temperate climates.”
“The soybean was first cultivated in the United States
in 1829, but it apparently attracted but little attention until
1854, when two varieties were brought back from Japan
by the Perry expedition. Other varieties were introduced
from time to time, among them the Mammoth, which
was introduced previous to 1882. It is largely due to the
introduction of this variety that the soybean has become
an important crop in the United States, as a very large
percentage of the acreage is still planted to this variety.
Between the years 1900 and 1910, the United States
Department of Agriculture introduced about 250 varieties
from all portions of the Orient” (p. 513-14).
“At the present time about fifteen varieties of soybeans
are handled commercially by seedsmen, the most important
of which are Mammoth, Hollybrook, Haberlandt, Medium
Yellow, Guelph, Ito San, Wilson and Peking.” A fairly
detailed description of each variety is given (p. 519-23).
Pollination (p. 533): “The soybean flower is completely
self-fertile, bagged plants setting pods as perfectly as those
exposed. The flowers are much visited by bees, which seek
principally the pollen, as the soybean flower secretes but
little nectar. Pollination occurs even before the flower opens,
but nevertheless occasional cross-pollinations occur where
different varieties are grown in close proximity. Such natural
hybrids can often be detected by the fact that the seeds of
heterozygote plants present queer combinations of color,
such as smoky green, smoky yellow, brown and yellow and
black banded. In the course of varietal trials at Arlington
Farm, Virginia, extending over five years, many such natural
hybrids were secured, and similar crosses occurred at the
Kansas Experiment Station.”
Concerning seed yield (p. 533): “When grown for
seed, the best varieties under proper culture yield from 30
to 40 bushels of seed to the acre. A maximum yield of 50
bushels to the acre has been reported from North Carolina.”
A table (p. 534) shows the yields reported (in bu/acre) for
10 varieties from Arlington Farm, 7 other U.S. states, and
Guelph, Ontario, Canada. The varieties are: Mammoth,
Hollybrook, Guelph, Ito San, Haberlandt, Medium Yellow,
Wilson, Peking, Ebony, and Chernie. The states are
Tennessee, Kentucky, Delaware, Indiana, Ohio, Arkansas,
and Virginia.
The section titled seeds (p. 534-35) notes: “Soybean
seeds weigh about 60 pounds to the bushel and this weight is

recognized as standard in most states. The size of the seeds
varies greatly as shown in the following table:”
Mammoth and Hollybrook are the biggest with 128,640
seeds/bushel.
Peking is the smallest with 383,280 seeds/bushel.
Wisconsin Black is the next to smallest with 306,240
seeds/bushel.
“Soybean seeds do not retain their viability well, and it
is not advisable to sow seed two years old without previously
testing. Unless care is exercised in properly curing and
storing, soybean seeds are apt to heat and thus quickly have
their viability destroyed. A small percentage of the seed will
under favorable conditions retain its viability four or five
years, and this has been found to vary according to variety,
as shown in the table:”
This table gives the viability of the seeds of 12 soybean
varieties, grouped by color, in approximately descending
order of viability after 4 years. Those with the highest
percentage viability are all black in color: Shanghai, Chernie,
Baird, Fairchild, Jet, Ebony (these first 6 are black-seeded),
Tashing, Guelph (green), Brownie, Ito San, Haberlandt, and
Mammoth (these last 3 are straw yellow). For the variety
Shanghai, 99.0% of the seeds are viable after 1 year, 93.0%
after 2 years, and 43.5% after 4 years. After 1 year, the
viability was greater than 90% for most varieties. After 4
years, black-seeded soybeans had by far the best viability,
ranging from 4.0% to 46.5%.
Note 3. This is the earliest English-language document
seen (Nov. 2020) that uses the word “viability” repeatedly in
a detailed discussion of the germinability or germination rate
of soybeans. The word was first used (once, in German) by
Fr. Haberlandt in 1877.
Page 535: Soybeans are relatively immune to injury
from weevils; this is important, especially in the South.
“Pests.–Soybeans are troubled by few serious enemies.
On the whole, rabbits are most troublesome, as they are
extravagantly fond of the herbage, and where they are
abundant soybean culture is practically impossible. At the
Tennessee Experimental Substation at Jackson, rabbit injury
was much reduced by using scarecrows, to each of which a
lantern was hung at night.
“Rootknot caused by a nematode (Heterodera
radicicola) often injures soybean considerably, but more
damage is caused by cowpea wilt, due to Fusarium.
“Caterpillars sometimes eat the leaves, but the loss from
such insects is seldom serious.
“On the whole it may be said that no insect or fungus
pest [disease] has yet assumed any great economic
importance in connection with the culture of the soybean.”
Breeding (p. 536): “The soybean lends itself readily to
improvement, and considerable work in breeding is being
carried on by the United States Department of Agriculture,
the Tennessee Experiment Station and the Ohio Experiment
Station. The Ohio Station is testing individual plants in
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duplicate plant-row work in much the same way that it is
testing ears of corn and is finding decided differences in
yield of seed and forage, in tendency to shatter and in habits
of growth. The Tennessee Station is conducting selection
work with a number of varieties and has found considerable
variation in maturity, habit of growth and plant characters
within the same varieties, so that several strains of the same
variety are under test. The United States Department of
Agriculture has done a very considerable amount of work
toward the improvement of the soybean by selection and
hybridization. The results of the breeding work thus far
indicate that it is easily possible to improve the varieties now
on the market.
Soybeans and cowpeas compared (p. 536-38):
“Inasmuch as soybeans are adapted to so nearly the same
uses and same place in farm rotation as the cowpea, an
agronomic comparison of the two crops has often been made.
“The soybean is determinate in growth; that is, it reaches
a definite size and matures. Nearly all varieties of cow-peas,
on the other hand, are indeterminate, continuing growth
until killed by frost. With the exception of a few varieties,
the soybean does not vine, but grows erect or nearly erect.
Cowpeas, on the other hand, are viny plants, and therefore
more difficult to harvest. Soybeans mature all their pods at
one time. Cowpeas continue to produce green pods as long
as the plant lives.
“Soybeans will withstand rather heavy frosts, both in
the spring, when young, and in the fall, when nearly mature,
while the same frosts are fatal to cowpeas. They are more
drought resistant than cowpeas, and in a dry season will
give much greater yields; they will also withstand excessive
moisture much better.
“For green manuring or soil improving, the cowpea is
far more valuable than the soybean, as it will smother weeds
much more successfully.
“The value of the hay of the two plants is nearly
the same. There is frequently doubt as to which is the
more desirable to grow. On relatively poor soil or when
broadcasted, cowpeas are always preferable: When
cultivated, the soybean will yield the greater return, and if
cut late, the hay is more easily cured.
“For growing with corn or sorghum for hay or silage the
cowpea is generally preferable to the soybean.
“The feeding value of an acre of soybeans for beef
cattle was found by the Tennessee Agricultural Experiment
Station to be about 50 per cent greater than that of cow-peas
grown on an adjoining acre. This was also approximately the
difference in yield of the two crops.
“As a grain producer the soybean is in every way
preferable to the cowpea, as it produces larger yields of
richer grain and can be harvested much more easily.
“The soybean, therefore, is to be recommended above
the cowpea where intensive rather than extensive farming is
practicable and desirable.”

Illustrations (line drawings, both non-original) show: A
typical soy bean plant, with a close-up of a cluster of pods
(p. 514). Roots of a soybean plant, showing nodules (p. 525).
A black-and-white photo (Plate VIII, facing p. 510) shows
the seeds of ten soybean varieties. Address: Agrostologist
in Charge of Forage Crop Investigations, Bureau of Plant
Industry, USDA.
339. Walters, J.A.T. 1914. Crop returns at the Botanical
Experiment Station, 1913-14. Rhodesia Agricultural Journal
11(7):1043-45. Oct.
• Summary: Page 1045: A full-page table shows crop returns
at Botanical Experiment Stations. For each crop 5 columns
are given.
For “Soy beans: Southern.” Sown: 12-12-13 [12 Dec.
1913]. Period of maturity: 4.75 months. Yield per acre: 183
lbs. Previous crop: Maize & Pea nuts.
For “Soy beans: Sakura” everything was the same as
Southern except the yield was 180 lbs. per acre.
For “Sunflowers: Striped” and for Sunflowers: Russian,
the previous crop for each was Soy beans. Address: B.A.,
Asst. Government Agriculturist.
340. Garner, W.W.; Allard, H.A.; Foubert, C.L. 1914. Oil
content of seeds as affected by the nutrition of the plant. J. of
Agricultural Research 3(3):227-49. Dec. [9 ref]
• Summary: “Summary: Experiments with soy beans have
shown that, except for the period immediately following
blooming and that directly preceding final maturity, there
is a fairly uniform increase in oil content, both relative and
absolute, throughout the development of the seed, and no
evidence was found that there is a critical period of very
intense oil formation at any stage of seed development.”
“Some varieties of soy beans show a marked tendency to
shorten the time required for reaching maturity when planted
late in the season, but no correlation was found between the
date of planning and the size of the seed or oil content. These
properties appear to be influenced more by the character than
by the length of the growing period.
“Different varieties of soy beans grow under the same
conditions showed marked differences in oil content and
very great differences in size of the seed.”
Tables show: (3) Oil content of soy beans as affected
by partial defoliation. (4) Oil content of soy beans as
affected by partial removal of very young seed pods. (5)
Oil content of soy beans of large and small size from
the same plant (Ogemaw, Hansen, Buckshot; grown in
Pullman, Washington; Amherst, Massachusetts; Wooster,
Ohio; Statesville, North Carolina; La Fayette, Indiana;
and Kingston, Rhode Island). (6) Oil content of soy
beans planted at intervals of two weeks in 1911 (S.P.I.
No. 21755, Haberlandt, Buckshot, Medium Yellow). (7)
Varietal differences in the oil content of soy beans grown at
Arlington Experimental Farm, Virginia, in 1907, 1908, 1910
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(Shanghai, Eda, Yosho, Amherst, etc.). (9) Oil content of
soy beans grown under different environmental conditions
(Hansen, Buckshot, Guelph, Ogemaw; also grown at
Auburn, Alabama). Address: 1. Physiologist in Charge; 2.
Asst. Physiologist; 3. Scientific Assistant. All: Tobacco and
Plant-Nutrition Investigations, Bureau of Plant Industry
[Washington, DC].
341. Puriewitsch, K. 1914. Untersuchungen ueber
Photosynthese [Investigations of photosynthesis]. Jahrbuch
fuer wissenschaftliche Botanik 76:29-112. *
342. Halsted, Byron D.; Owen, E.J.; Groth, B.H.A.;
Groth, M.; Pleasants, M.T. 1914. Report of the Botanical
Department. New Jersey State Agricultural Experiment
Station, Annual Report 34:535-629. For the year 1913. See p.
537, 598-603, 608-11.
• Summary: “Nearly four acres assigned to the Department
at the College Farm have been occupied with the subjects
under the projects of heredity and of environment. Eleven
crops were studied in New Jersey. Soybeans, which were
planted in the spring or summer of 1913, are also discussed
in the following sections of the report: “A study of very
limited shade for seedlings in the open” (p. 598-600). Ito
San (early), Wilson (medium), and Mammoth Yellow (late
maturing) soy beans were planted under cages and in the
open. After the seeds had broken ground (the end of the
third day) there was a daily harvest of one row from each
section. Ito San was found to have the shortest hypocotyls,
and Mammoth the longest. “It was further observed that the
lengths of the hypocotyls under the cages were in all cases
longer at the first harvest than those in the open. The length
of the first internode was longest with Ito San (early) and
shortest with Mammoth (late), and was always longest in
plants grown under cages.
“A study of varietal influence upon the length of
hypocotyl and first internode–greenhouse tests” (p. 600-02).
A table (p. 601) shows the results from the 3 varieties.
“A study of the influence of pod position of seeds upon
length of hypocotyl and vigor” (p. 602-06). Pods were first
divided into four-seeded, three-seeded, two-seeded, and
one-seeded. Four-seeded pods were then cut with scissors,
dividing the seeds into basal (nearest the stem), first middle,
second middle, and tip, etc. A table (p. 603) shows the
complex results for Ito San soy beans.
“A study in selection with ‘Wilson’ soy beans” (p. 60911). A full-page table (p. 610) shows observations upon
the Wilson variety: General length in inches, amount of
branching, color of stem, color of pod, longevity, and general
characteristics. A photo (Plate XIII, facing p. 611) shows
sample pods and seeds from 40 Wilson soybean plants in
field tests. Address: 1. Sc.D., Botanist; 2. M.Sc., Asst. in
Botany. All: New Brunswick, New Jersey.

343. Moore, George T. 1915. The Botanical Society of
America. Science 41(1048):170-84. Jan. 29.
• Summary: In the long summary of this meeting, on page
180 is an abstract of an article titled “Physiological studies of
Bacillus radicicola of soy bean,” by J.K. Wilson. It states:
“This investigation confirms earlier work as regards
the influence of nitrates on nodule production, and indicates
in addition that sulfates in relatively weak concentration
inhibit the process. Chlorides and phosphates stimulate
nodule production, while ammonium salts are inhibitory.
The significant fact was developed that while nodule
development was prevented by the presence of nitrates,
phosphates and ammonium salts, yet the organism retained
its vitality in the presence of these salts. Whether the effect
of the salt is upon the root, such as to make it resistant, or
upon the organism can not yet be stated.” Address: ExSecretary of the Society.
344. Halsted, Byron D.; Groth, B.H.A.; Owen, E.J.; et al.
1915. Report of the Botanical Department. New Jersey State
Agricultural Experiment Station, Annual Report 35:295-338.
For the year ending Oct. 31, 1914. See p. 317-21.
• Summary: The section titled “A study of influence of podposition upon viability and vigor of seedlings” (p. 317-21)
discusses soybeans, pea beans, cow peas–”New Era,” corn,
and lima beans. Concerning soybeans. “This work was begun
in 1912 and some results were published in the report for
last year. During the past winter and spring (of 1914) many
tests were made in greenhouse and laboratory.” For Ito San
variety soybeans, the viability is highest for seeds located
at the tip of the pod, and lowest for seeds at the base of the
pod. But the seeds in the middle of 3-seeded pods have the
greatest vigor and are first in probable value for planting.
Similar information is given for the Wilson variety.
A table shows the weights of soybean seeds (Early
Brown, Wilson, and Ito San varieties) in the pod as regards
their position in the pod. These figures are derived from
1,750 seeds, excepting for the 1-seeded lots when only 950
were used. The one-seeded was the heaviest, followed by
the two-seeded tip, then three-seeded middle lots. Address:
1. Sc.D., Botanist; 2. Ph.D., Plant Physiologist. All: New
Brunswick, New Jersey.
345. Halsted, Byron D.; Groth, B.H.A.; Owen, E.J.; et al.
1915. Report of the Botanical Department. New Jersey State
Agricultural Experiment Station, Annual Report 35:295-338.
For the year ending Oct. 31, 1914. See p. 321-29.
• Summary: The section titled “Abortiveness of ovules in
connection with position in pod” (p. 321-29) discusses this in
connection with various plants: Canada peas, soybeans, lima
beans, wistaria. It also discusses: Relative number of seeds in
pods, and size of fruit as related to position on plant.
Abortiveness of ovules is failure in the formation of
seed. Three soybean varieties were tested: Early Brown,
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Wilson, and Ito San. A table (p. 322) shows that for these 3
soybean varieties “the great preponderance of abortiveness is
in the basal ovules” (i.e. the seeds furthest from the tip of the
pod).
The following number of seeds were found in a large
sample of Early Brown soybeans: One seed 12.5%. Two
seeds 49.2%. Three seeds 37.2%. Four seeds 1.1%. Address:
1. Sc.D., Botanist; 2. Ph.D., Plant Physiologist [New
Brunswick, New Jersey].
346. Harris, Isaac Forest. 1915. Chemical and physiological
studies of the castor bean and soy bean. PhD thesis. Yale
University, New Haven, Connecticut. 65 leaves. Illust. *
Address: Yale Univ., New Haven, Connecticut.
347. Livingston, George; Stemple, Forrest Wilbur. 1915.
Laboratory manual of cereals and forage crops. Columbus,
Ohio: R.G. Adams & Co. 147 p. See p, 112, 147. Illust. 27
cm. [69* ref]
• Summary: This book consists of 59 laboratory exercises
for the study of corn, wheat, oats, barley, rye, legumes,
grasses, sorghums and millets, and potatoes. It contains
no illustrations or drawings. Exercise 41 (p. 110-11), titled
“Botany of legumes (Leguminosae–the pea family),” asks
the student to make drawings of: (1) The leaf–Petiole,
stipule, leaflet, tendril (if present). The dissected flower:
Lateral petal, standard petal, keel petal, sepals, stamens
(noting that they are diadelphous). Enlarged drawing of
pistil: Ovary, style, stigma. Enlarged drawing of stamens:
Filaments and anthers. A soaked bean: Testa, hilum,
micropyle. A germinated bean (early stage): Hypocotyl,
plumule, cotyledons.
Exercise 42, titled “Laboratory study of peas and beans”
(p. 112-13) begins: “This exercise is arranged to familiarize
the student with the appearance and characteristics of field
beans and peas, cow peas, and soy beans.” The student is
asked to fill out a table, providing detailed information about
the plant (erect, decumbent, bushy), stems, leaves, pods, and
grain (size–weight of 100, shape, surface, color of body and
eye).
Exercise 46 suggests eight legumes (alfalfa, red clover,
etc.) to identify: The soy bean is not one of them.
Exercise 48 is a germination test of legume seeds,
including alfalfa and five types of clover (alsike, crimson,
mammoth red, common red, and white); the soy bean is not
mentioned.
The appendix, titled “Quantity to sow per acre and the
legal weight per bushel of various farm crop seeds” (p. 147)
is a full-page table that gives figures for 50 plants, including
alfalfa, buckwheat, hemp, lupine, rape, soybean (drilled),
and soybean (broadcast). Address: 1. Formerly Asst. Prof.
of Agronomy; 2. Instructor in Agronomy. Both: Ohio State
Univ.

348. Cook, F.C. 1916. Boron: its absorption and distribution
in plants and its effect on growth. J. of Agricultural Research
5(19):877-90. Feb. [14 ref]
• Summary: Table 5 (p. 884) shows the percentage of boron
(as boric acid) in the roots and tops of soybeans grown at
Arlington Farm, Virginia. “The roots and beans contained
about equal amounts of boron, and rather large quantities
were found in the tops of all the plants analyzed.
“The leguminous plants, which were more easily
injured by boron, absorbed larger amounts than the other
plants tested... In some of the legumes–namely string beans,
soybeans, and peas–a noticeable yellowing of the leaves
was observed when borax was added at the rate of 0.74
pound [per 10 cubic feet of manure], and in these cases a
reduction in stand took place” (p. 886). It apparently made
little difference in the quantity of boron absorbed by the
plants tested whether boron was added to the soil as borax or
calcined colemanite.
String beans, cowpeas, and soybeans showed a more
equal distribution of boron among the roots, tops, and fruits
than any of the other plants tested. Address: Physiological
Chemist, Bureau of Chemistry.
349. Meyer, Frank N. 1916. Re: Autobiographical sketch
and resumé of work as a plant explorer for USDA–to be
considered for membership in the Botanical Society of
Washington, DC. In: Letters of Frank N. Meyer. 4 vols.
1902-1918. Compiled by Bureau of Plant Introduction,
USDA. 2444 p. See p. 2176-77. Letter of 15 March 1916 to
Mr. Stephen Stuntz, David Fairchild’s botanical assistant.
• Summary: “Born in Amsterdam, Holland, November 29,
1875.
“Had an ordinary public school education; at the age
of 14 entered the Botanical Garden of the University of
Amsterdam as a pupil in Botanical Gardening; after two
years entered the Experimental Garden of Professor Hugo
de Vries, became his assistant; later had private and public
tuition from 16 until 20 years of age in various subjects, such
as French, English, German, landscape gardening, technical
drawing, botany, physics, chemistry, etc.
“Became a student of botany and horticulture in the
University of Groningen, Holland, for six months; returned
to Amsterdam, had charge of the experimental work of
Prof. de Vries, followed his lectures on Plant Breeding and
Botanical Physiology for several years; botanized in Holland
for several summers; accumulated a large herbarium of
plants of the Netherlands.
“Resigned from the University of Amsterdam in March,
1899. Spent two and one-half years in travelling in Holland,
England, France, Belgium, Germany, Italy and Switzerland.
“Immigrated to the United States of America in October,
1901. Found employment with the U.S. Dept. of Agriculture;
resigned in September, 1902. Went to California, found
employment again with the Department at the Plant
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Introduction Garden at Santa Ana; resigned again in March,
1903. Was in the florist business in Santa Barbara, California,
from April, 1903 to March, 1904.
“Left California for Mexico in April, 1904. Walked
across Mexico from San Blas to Vera Cruz; went to Cuba,
also to the southern United States. In August, 1904, entered
the employ of the Shaw Botanical Garden at St. Louis
[Missouri]; was a member of the jury on Forestry at the
World’s Fair in 1904. Resigned in July, 1905, from the
Shaw Botanical Garden to enter service of the Department
of Agriculture as an Agricultural Explorer. Collected and
travelled in China, Japan, Korea, Siberia, Russia, Central
Asia, etc. for c.a. nine years–am still at it.
“Wrote a bulletin on Agricultural Explorations in the
Fruit and Nut Orchards of China, Chinese Plant Names, also
many minor papers.
“Intentions are to roam for many more years, primarily
in China.”
Note: Stephen Stuntz was David Fairchild’s botanical
assistant.
Location: University of California at Davis, Special
Collections SB108 A7M49. Address: USDA Plant Explorer.
350. Gagnepain, François; Lecomte, Henri. ed. 1916. Flore
générale de l’Indo-Chine. Tome deuxième, fascicile 4–
Légumineuses : Papilionées [General flora of Indo-China.
Vol. 2:4–Legumes: Papilionoidae]. Paris: Masson et Cie,
Éditeurs. See p. 398-99. [7 ref. Fre]
• Summary: The entry for Glycine L. begins with a botanical
description of the genus, which contains two species: Glycine
Soja and Glycine laotica.
For Glycine Soja (an annual), after the botanical
description we read: More than 30 varieties are known. May
derive from G. ussuriensis, which grows wild in China,
Manchuria, etc.
Cultivated in: Tonkin, Laos, Cochin China–China,
Japan, Philippines, Java, etc. etc.
Vernacular names: Dâu nanh, Mak toua kon or ta tone.
Uses: The seeds are consumed like those of the Haricot
bean, or can be used to make a cheese [tofu], a condiment, or
as a source of oil. The black variety is used for animal feed;
the stem and leaves as forage.
Note: This nine-volume series was published under the
direction of Henri Lecomte (lived 1856-1934). Address:
Museum of Natural History, Paris, France.
351. Wyatt, F.A. 1916. Influence of calcium and magnesium
compounds on plant growth. J. of Agricultural Research
6(16):589-624. July 17. [42 ref]
• Summary: The crops grown are wheat, soybeans, cowpeas
and alfalfa.
Starting page 605: “Effect of magnesite and dolomite
upon wheat and soybeans.” Soybeans are mentioned on
pages 605 (4 times), 606 (4 times), 608 (4 times), 611

(twice), 612 (twice), 614 (twice).
Plate LXXXV: “Fig. 1.–Growth of soybeans following
a crop which had already absorbed most of the readily
available calcium and magnesium.
“Fig. 2.–Growth of soybeans in soil treated with
magnesium. Note the sickly appearance of the top leaves in
the right-hand pot, which is characteristic of treatment with
large quantities of magnesium.
Plate LXXXVI: “Fig. 1.–Comparative growth of
soybeans in brown silt loam and dolomite, showing that the
loam would have been improved by the addition of some
limestone or dolomite.
“Fig. 2.–Soybeans in sand treated with magnesium,
showing that their growth increases inversely with the
quantity of magnesium applied as sulphate.”
Footnote p. 589: “This paper was submitted in partial
fulfillment of the requirements for the degree of Doctor
of Philosophy in Agronomy, in the Graduate School of
The University of Illinois in 1915.” Address: Asst. in Soil
Fertility, Agric. Exp. Station, Univ. of Illinois.
352. Harrington, George T. 1916. Agricultural value of
impermeable seeds. J. of Agricultural Research 6(20):761796. Aug. 14. [18 ref]
• Summary: Page 762: “Occurrence of impermeable seeds in
cultivated species: The peanut (Arachis hypogaea) excepted,
probably all commercially important legumes cultivated
in the United States produce a greater or less percentage
of impermeable seeds. The percentage is small or fails
entirely with spring vetch (Vicia sativa L.), some varieties
of soybeans (Soja max (L.) Piper), kidney beans (Phaseolus
vulgaris L.), Lima beans (Phaseolus lunatus L.), garden peas
(Pisum salivum L.), and the newly introduced black bitter
vetch (Vicia ervilia (L.) Willd.).” Address: Scientific Asst.,
Seed Lab., Bureau of Plant Industry.
353. Fuerstenberg, Maurice. 1916. Die Einfuehrung der Soja,
eine Umwaelzung der Volksernaehrung [The introduction
of the soybean, a revolution in the people’s nutrition
(Continued–Document part IV)]. Berlin: Paul Parey. 30 p.
Foreword by Dr. Gottlieb Haberlandt, Director of the Plant
Physiology Institute, Univ. of Berlin. [5 ref. Ger]
• Summary: (Continued): Page 16: In the agronomic trials
that were conducted in 1877, 118 people already participated.
This time, the trials extended to all of the provinces of
Austria as well as to Hungary, Croatia, Germany, Holland,
Switzerland, and Russian Poland (Russisch-Polen). In
consideration of the extremely unfavorable weather–a late,
chilly, and damp spring, a summer that was only hot in brief
periods with a dry period that lasted all the longer, a cold,
rainy autumn, which brought the unusually premature early
frosts which substantially damaged the sensitive plants or
completely destroyed them–the result of these agronomic
trials can also be called a satisfying one. Indeed, many
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participants in this year’s agronomic trials felt themselves
to be obliged to very specially emphasize in their reports to
Haberlandt the resistance of the soybean to drought and to
frost.
Instead of quoting the various reports, the wish is to list
here the conclusions that were summarized by Haberlandt in
fifteen points which he obtained from the agronomic trials
that were conducted during three years as well as from the
chemical studies:
I. The acclimatization of the early-maturing soybeans
can be indicated as completely successful in Central Europe.
II. Out of all of the varieties that achieved cultivation on
an experimental basis over the three years, the yellow-seeded
variety, and possibly also the reddish-brown-seeded variety,
served as the decidedly preferable ones.
III. The yellow variety as the earliest maturing variety
noticeably exceeded the northern distribution boundary for
the corn plant, competing with regard to its capability for
distribution at minimum with the earliest maturing corn
varieties.
IV. With the continued cultivation of the soybean, there
is reason to fear a degeneration of it in the sense that, for
instance, the anatomical-physiological qualities of the seeds
and the chemical properties that are associated with them
could experience a substantial change.
V. On the other hand, it is [verb missing–possessed?]
of an extraordinary capacity for adaptation, both to the soil
and to the climate of an area. As is expressed in the height of
its growth, in the number and size of its leaves, in the stiffly
upright or sarmentous (raukend) growth of the stem, in the
denser or sparser hair covering of the leaves
Page 17: and in the longer-lasting beginning of the
blossoming or an interruption of it that occurs early.
VI. It resists frost far better than corn or green beans, its
seeds do not freeze, even if they winter over in frozen soil
or are intentionally left to freeze. Likewise, the sprouts are
also less sensitive than green bean plants which, like soaked
green beans, are certainly destroyed by frost. As a result of
this greater hardiness of soybeans, it is already possible to
move their cultivation to the second half of April, as long
as it is not pushed past May 1. VII. It is capable of resisting
summer drought to a greater degree than the other legumes,
and in fact in that respect it hardly meets its match among
our local cultivated plants, perhaps only with corn, sorghum
(Moorhirse), and foxtail millet (Mohar).
VIII. Corresponding to its wealth of blossoms is always,
with almost absolute certainty, an extraordinarily rich
setting of pods which is emphasized with praise by all trial
participants and which can be designated as incomparable.
At the same time, the pods keep the seeds well and almost
never let them drop on their own.
IX. Both the seeds and the straw of the soybeans have
an excellent nutritional value. As a green fodder plant, there
is no other that is comparable to it with regard to nutritional

value. With the high content of its seeds in the most precious
components, no seed of any other food plant of the temperate
zones can even distantly be compared with it.
X. Not only do the products of the soy plant
(Soyapflanze) have a very high nutritional value, with dishes
that are prepared from the seeds also pleasing the palates of
people, the straw and the green plant are eagerly eaten by
every type of livestock.
XI. For the plant farmer, it has the special advantage
that it can be planted in almost any soil, even if it equally
flourishes superbly on all types of light soils and specifically
matures earlier. The planting [page 18] takes up a small stock
of seed, its care requires little trouble and cost, it shades the
soil in an excellent manner, it does not allow any weeds to
develop, and it can be left in the fields in stooks / shocks
(Puppen) to dry in the autumn without risk, as long as there
is no fear of it being eaten by mice.
XII. One decisive advantage of the soybean in
comparison with all other legumes consists of the fact that
with respect to all of the parasitic fungi (Schmarotzerpilze), it
enjoys an infallible immunity, as has been the case thus far.
XIII. But the soybean is not simply an extraordinarily
important acquisition for the farmer, it will also achieve a
great significance for industry.
XIV. In the end, the soy plant will also form a valuable
subject for plant physiologists for the purposes of numerous
studies, since prior experiments have shown that it can
also easily be used in nutrient solutions for complete
development.
XV. It will prove itself to be one of the most suitable
plants for the study of the influence with the formation of
new varieties, and it will do so not simply for the household
of people, but it will also be of great service for scientific
research.
In his book, Haberlandt prophesied that soy (Soja)
“will one day play a great role in the huts of the poor, it will
mean more to potatoes than salt, with its fat it will be like
drippings, and with its protein it will provide energy. As
flour, though, it will also gain its entry into the palaces of the
wealthy, and in fact the soy sauce that is currently imported
from India and China will form a constant item in their
cakes.” Haberlandt closes out his study about the merits of
cultivation of soy by saying, “Farmers will therefore only be
taking their own interests into consideration if they include
this miraculous stranger within the circle of their protection
and, in so doing, along with their own advantage and the
general good of the people, they also promote the well-being
of the Fatherland.”
Many will thus pose the question: where does it come
from that the soybean, if it has such outstanding properties,
[page 19] will find its further dissemination? If Haberlandt
had not unfortunately been torn away from the midst of
his publicity activity–he died in 1878, right when his book
The Soybean (Die Sojabohne) had been published in which
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he set down the results of the studies and trials about the
merits of the cultivation of the soybean–then the soybean
would have already taken on first place long ago among the
cultivated plants of Europe. Haberlandt was in fact mistaken
about one thing: namely, in his view that the soybean
“will achieve general recognition only as a consequence
of the advantages which are associated with its cultivation
and which would be the only thing capable of dispelling
mistrust which every newly recommended useful plant
encounters in the all too often shrewd circles of practical
farmers.” Haberlandt was certainly not incorrect when he
indicated that the praise which he wrote and spoke extolling
the soybean in those days would have died away without
a sound and would have remained completely unnoticed if
it had not recommended itself through its advantages to all
those who thus far have become acquainted with it. But no
new cultivated plant can be disseminated without publicity.
It was possible for the potato to be introduced in part only
through force and cunning. In Prussia, after the Seven Years’
War [1754-1763], Frederick the Great [ruled 1740-1786]
had it required of every tenant farmer to till one fifteenth of
the field with potatoes, clover, and caraway. In France, the
famous pharmacist and agronomist Parmentier could once
again only introduce the potato into his fatherland by means
of a ruse. Namely, he made it known that any farmer who
dug up the tubers would be subjected to severe punishment.
The forbidden fruits are the ones that always taste the best:
the potatoes were stolen and planted and in this way acquired
their civil rights in France.
Things went completely differently for the soybean.
Farmers showed the greatest interest in it from the very
beginning. And thus Haberlandt was able to say that he was
aware of no case in the history of crop farming in which a
cultivated plant that was to be newly introduced had won for
itself the general interest and the participation of farmers in
so few years at such a high degree as that which the soybean
had succeeded in doing in recent years. In this year, 1877, it
was already possible for 148 farmers to carry out agronomic
trials, most of them appreciatively emphasized the great
fertility of the new bean, and Haberlandt was bombarded
from all sides with requests. After the death of Haberlandt,
the great advocate and champion for the introduction of the
soybean, the movement which he initiated with indeed such
great enthusiasm waned, and in fact the soybean sank...
(Continued). Address: Frohnleiten, Steiermark [Austria].
354. Fuerstenberg, Maurice. 1916. Die Einfuehrung der Soja,
eine Umwaelzung der Volksernaehrung [The introduction
of the soybean, a revolution in the people’s nutrition
(Continued–Document part V)]. Berlin: Paul Parey. 30 p.
Foreword by Dr. Gottlieb Haberlandt, Director of the Plant
Physiology Institute, Univ. of Berlin. [5 ref. Ger]
• Summary: (Continued): Page 20: ... into oblivion so
much that it virtually had to be rediscovered for us. The

presumption would have been obvious that the cause of
soy not being naturalized after the agronomic trials that
turned out so favorably was a taste that was perhaps not
appealing to the palates of Europeans. But that is also not
correct because, as Haberlandt reports, nowhere had the
palate rebelled against soy as food, and not one single
unfavorable opinion about the flavor of the soybean came
to his knowledge. In fact, many of those who did taste
tests with soybeans found that they were better tasting and
finer than green beans and even than lentils and peas. One
disadvantage which was generally noted is that soybeans
require a very long time to be cooked until soft (footnote:
as far as cooking the soybeans until soft is concerned, I
have had the experience that they can be cooked until soft
with the addition of a pinch of sodium carbonate, like other
legumes): Haberlandt also considered the soybean, when
prepared by itself, to be a concentrated food. In order to
remedy the first evil which at any rate causes an expenditure
in time and money, he used the soybeans finely ground, and
he further recommended to mix the soybeans with other
foods that were less concentrated. The Chinese and Japanese
had instinctively been very correctly led there, they add
their “miso” or their soy paste (Sojabrei) to most of their
other foods in a mixed proportion without ever consuming
it by itself. Haberlandt had such soy grits (Sojaohnenschrot)
added to foods prepared from potatoes, such as potato puree,
as well as rice that had been cooked until halfway soft; he
mixed soy grits (Sojaschrot) with wheat semolina, in order
to prepare so-called “milk semolina” or “water semolina”;
and he had a food produced with boiled, mashed potatoes
and also mixed with semolina that was analogous to polenta,
which he called “soyenta” (Sojenta). As an experiment, soy
grits (Sojaschrot) were also mixed with wheat flour, and
bread was prepared without adding milk, and in all cases
the dishes that were mixed that way tasted excellent to him
and his family. However, this opinion about the taste of soy
was also formed by all others who happened to have the
opportunity to participate in taste tests.
It would only be superfluous to repeat an opinion which
the famous Prof. Wenzel Hecke, a friend of Haberlandt’s,
had about the usability of the soybean as a food for people
and which is likewise to be deduced from Haberlandt’s work:
“With its high content of nitrogenous nutrients
Page 21: soy obviously has too close of a relationship
for it alone to serve the nutrition of people: since with its sole
use, a loss of fat would occur. For the production of a normal
relationship of nitrogenous and nitrogen-free nutrients, it for
that reason appears that the addition of another food that is
low in nitrogenous substances and fat would be appropriate,
and along those lines, it seems that in those countries where
the cultivation of potatoes is carried out, the potato above
all else would be recommended, which has already assumed
such a large share in the nutrition of the people. Without
wishing to provide a recipe for general imitation, I only note
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that a dish can be produced from soy and potatoes which
tastes really good to myself and my family, big and small,
and specifically also in comparison with the `mamaliga’
(polenta or corn mush) which they got to know as a general
food for the people in Radautz (today’s Radauti, Romania).
In this case, one part soy flour or soy meal and two parts
fresh potatoes are used. The potatoes and the soy are each
boiled separately, then mixed together into a moderately
thick paste. The necessary amount of salt is added to the
soy, and as a seasoning and perhaps also otherwise for
dietetic purposes braised onions are added to the dish.
This combination offers to those who have to save on food
the content of nitrogenous nutrients that are necessary
for nutrition, since the ratio of those to the nitrogen-free
nutrients, in consideration of the higher respiration value of
the fat, hardly amounts to 1:4. The fat, which is otherwise
used with the use of the potato, is saved, since the soy
contains enough of it, and the addition of milk with regard to
the content of casein and fat is also not necessary. This also
was not done in the experiments described above.”
As can be seen from these opinions, the “flavor”
was therefore also not a reason for the soybean not being
introduced, and so nothing else remains to be viewed as the
only cause except the lack of organization of the movement
after the death of Haberlandt. Following the demise of this
researcher, it appears as though no on at all looked after
the soybean any more, and hundreds, or even thousands,
of farmers whose agronomic trials had been brilliantly
successful did not know of any utilization for them and
therefore gave up on further cultivation: because anyone who
carried out taste tests was scared away by the lengthiness
[Landwierigkeit–sic: Langwierigkeit?] of the boiling. But
in that respect, it was in fact the absence of a clarification of
the further preparation of the soybean which got in the way.
Nevertheless, soybeans have remained in some areas where
they find use as a coffee substitute.
Page 22: All good things come to fruition in this world
and will finally achieve recognition, however and whenever
that may be. It has now been a full forty years since
Haberlandt undertook his agronomic trials with soybeans
with such great success, and it has been almost exactly as
long since the soybean has been sleeping in its Sleeping
Beauty slumber. But soy, too, shall awaken from it to a
new life–the World War is what will cause it to once again
blossom forth and be fruitful.
Just like forty years ago, the trials that were carried
out at the initiative of the Austrian Ministry of Agriculture
(Österreichisch Ackerbauministerium) also yielded
a sparkling result, as the author can attest to, having
been a participant in these trials. The committee which
was mentioned at the beginning, which the Ministry of
Agriculture entrusted with the agronomic trials and with
which the author has been in contact for some time now
because of similar trials, also turned to him specifically

with the inquiry as to whether he would be inclined to begin
agronomic trials with soybeans.
For years now, the soybean has aroused my attention,
above all else because of its such multifaceted usability,
which nearly all travel descriptions from Japan and China
know well enough to report. I was already contemplating
at the time the idea of carrying out agronomic trials
with soybeans, and for that purpose, I turned to various
personages, all of whom, though, advised me against it.
When the committee then turned to me, I did not hesitate for
a moment to realize my old plan.
For the trials that were carried out by the committee,
some beans of Hungarian provenance were used and
some beans that were the descendants of a variety that
had been planted at the committee’s Korneuburg grounds
(Korneuburger Anlagen) in 1904 which had been obtained
from the Dresden [Germany] company Gehe & Co. after
a report from them that originated from China. Excellent
experiences have especially been had with the latter variety:
thus at the Korneuburg experiment station (Korneuburger
Versuchsstation), the harvest could already be carried out
in the third week of September. The author also received a
reproduction of this Chinese variety. I used the three kg of
soybeans that I got not only for agronomic trials, but I also
carried out all kinds of taste tests with them which satisfied
me extraordinarily, and I gave seeds to seven other people.
For my agronomic trials, I selected the most varied of types
of soil, and I had the same experience as Haberlandt that the
most suitable type of soil is a deep loamy one. The soybean
does not like garden soil or compost soil or else manured
soil: although the development of the foliage is extremely
strong and the plants can from time to time reach a height of
1.5 meters, the development of the fruit was... (Continued).
Address: Frohnleiten, Steiermark [Austria].
355. McLean, Forman T. 1917. A preliminary study of
climatic conditions in Maryland, as related to plant growth.
Physiological Researches 2(4):129-208. Feb. [39 ref]
• Summary: This research was conducted in 1914 under
the auspices of the Maryland State Weather Service in cooperation with the Laboratory of Plant Physiology at Johns
Hopkins University. “This study is an attempt to test certain
methods for determining some of the quantitative relations
between climatic conditions and the growth of plants... the
plant used being soy-bean (Glycine hispida Maximov.).” The
author found that the sum or the products of the length and
breadth of all the leaflets on a soy-bean plant 4 weeks old is
approximately proportional to the total leaf area of that plant
(this sum is called the “leaf-product”), and that the leaf area
itself is nearly proportional to the total dry weight of stem
and leaves.
Contents: Abstract. Introduction: The general problem,
general plan of study, acknowledgements. Methods
and experimentation: The plants. The environmental
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conditions: Exposure of instruments and plants, general
moisture conditions and their measurement, temperature
conditions and their measurement, temperature weightings
and integrations, light conditions and their approximation,
presentation of weather data. Discussion: The frostless
season, comparisons between the plant growth values and
the climatic indices for Oakland [Maryland] with those for
Easton [Maryland] for the entire period of observations.
The seasonal march of the growth rates and of the climatic
conditions at Oakland and Easton: Introduction, seasonal
marches based on periods of approximately two weeks,
seasons marches based on periods of approximately four
weeks. Conclusions. Address: Johns Hopkins Univ.
356. Hildebrandt, F. Merrill. 1917. Leaf-product as an index
of growth in soy-bean. Johns Hopkins University, Circular
No. 3. p. 202-05. March. New Series. Whole No. 293. [2 ref]
• Summary: This is a study in soybean physiology. “Since
soy-bean leaflets are approximately elliptical in form and
since the area of an ellipse is proportional to the product
of its axes, the leaflet-product (length times breadth) of
any leaflet should be nearly proportional to the area of that
leaflet.”
“One of the most interesting properties of the fourweek soy-bean plant is that the dry weight of the stem and
leaves is proportional, approximately, to the total leaf area.
Having therefore, a means by which the leaf area may be
conveniently measured, it is possible to calculate the dry
weight of the plant approximately, by multiplying the leafarea by the proper constant.”
“From the foregoing facts it may be concluded that the
dry weight and leaf area of soy-beans 4 weeks old from the
seed can be determined approximately from their leaflet
dimensions. Soy-beans should therefore be very suitable for
use as a standard plant for the measurement of climate in the
manner suggested by Livingston and McLean, since the rate
of its growth can be approximately determined from easily
obtained leaf measurements.” Address: Baltimore, Maryland.
357. Bulletin Mensuel des Renseignements Agricoles et
des Maladies des Plantes (Rome). 1917. Effet des facteurs
météorologiques sur la croissance du soja aux Etats-Unis
[Effect of meteorological factors on the growth of soybeans
in the United States (Abstract)]. 8(6):870. June. [1 ref. Fre]
• Summary: A French-language summary of the following
English-language article: McLean, Forman T. 1917. “A
preliminary study of climatic conditions in Maryland, as
related to plant growth.” Physiological Researches 2(4):129208. Feb.
358. Shedd, O.M. 1917. Effects of sulphur on different crops
and soils. J. of Agricultural Research 11(4):91-103. Oct. 22.
[6 ref]
• Summary: Recent analyses show that “most plants contain

much more sulphur than was formerly thought to be the
case... The question then arose as to whether there is an
ample supply of sulphur compounds in soils for crop needs
and especially for the best growth of those which are known
to have a high sulfur content.”
Soybeans were one of the crops tested. “Series I: Fifteen
uninoculated soybean seeds (Soja max) were planted in each
jar in the greenhouse on November 2, 1914, and watered in
all cases with the same amount of distilled water” (p. 93-94).
Table II (p. 95-98) shows the “Weight (in grams) and
percentage gains or losses of the total air-dried material
of Series I to 4.” Trials were conducted in soils from eight
counties, each unique. In each there was the control, with no
sulphur added to the soil, then 100 lb or 200 lb of sulphur
added per acre. A summary in tabular form, for each crop, in
each county, with each amount of sulphur, is given on page
98. Percentage gains for soybean hay were small (range:
-19.1 to +23.9) when 100 lb/acre of sulphur were applied.
Percentage gains for soybean seed were also small (range:
-22.1 to +31.6) when 100 lb/acre of sulphur were applied.
The results for soybeans are not conclusive. Address:
Chemist, Kentucky Agric. Exp. Station.
359. Jones, D.F.; Hayes, H.K. 1917. The purification of soy
bean varieties. Connecticut Agricultural Experiment Station,
Annual Report 40:348-53. For the year ended Oct. 31, 1916.
• Summary: “In a variety test of soy beans in 1913 a variety
known as Kentucky appeared to be quite variable in plant
habit and in flower and pod color. The variety was imported
from Manchuria in 1911...”
The soy bean is a naturally self-pollinated plant. “The
question may be raised, if self-pollinated plants do not vary,
how do mixed varieties, such as this variety of Kentucky soy
beans, come to exist? Such a mixed variety may result either
from mechanical mixture of seed, from cross-pollination, or
there may be actual germinal changes or mutations bringing
about variation in a variety originally coming from a single
plant.” The authors used a number of serial selections to
purify this variety. Address: Plant Breeder, New Haven,
Connecticut.
360. Robbins, Wilfred W. 1917. The botany of crop plants:
a text and reference book. Philadelphia, Pennsylvania: P.
Blakiston’s Son & Co. xix + 681 p. Illust. Index. 20 cm.
[300+* ref]
• Summary: The soy bean is discussed on pages 455-58.
“Soja (Soy Bean): Generic Description.–The soy beans
are prostrate or erect herbs with pinnately three-, rarely fiveor seven-, foliate leaves. The flowers are in short axillary
racemes, and are purple or whitish. The pods are linear or
falcate, and two-valved. The seeds are globular and pea-like.
“There are between 15 and 20 species of Soja, natives of
tropical Asia, Africa, and Australia. There is only one species
of any economic importance. This is Soja max.
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“Soja Max (Soy Bean, Soja Bean, Coffee Bean):
Description. This is an erect, bushy appearing, hairy annual,
varying from 1½ to 6 feet in height (Fig. 192). Unlike the
cowpea, it has a definite growth, that is, reaches a certain size
and matures its seed. All the pods of the soy bean mature at
one time. In the cowpea, new pods are formed as long as the
plant lives. The tap root is short and strong. The leaves are
trifoliate. Usually they have withered and fallen by the time
the pods are mature, but in some varieties remain green and
stay on the plant for sometime after the pods mature. The
flowers are borne in axillary clusters; they are small, and
either white or purple in color. The flowers are self-pollinated
as a rule, and are completely self-fertile. Occasional crossfertilization occurs in the field when varieties are planted
very close together. The pods are from 1 to 2½ inches long,
yellowish or brown, and covered with short bristly hairs. As
many as 300 to 400 pods have been found on one plant, and
each pod usually contains two or three seeds. In fact, the soy
bean is the greatest seed producer of any legume grown in
temperate climates. The seeds vary greatly in color; there
are shades of cream, white, yellow, green, brown, and black;
they also vary in shape from globose to elliptical. Under the
most favorable conditions, soy bean seeds do not retain their
viability for more than five or six years.
“Soja max is a native of China and Japan, The cultivated
varieties are adapted to the warmer sections of the United
States; they are intolerant of cool nights. However, there are
several very early maturing varieties which may be grown in
the northern tier of States. The soy bean will grow in moist
climates, and also manifests drought-resistant propensities.
The plant is grown on a variety of soil types, and will even
produce a fair crop on poor soils of a sandy nature.
“Uses.–The soy bean is the most important legume in
Asiatic countries, and is becoming of increasing value in the
United States. The chief product of the bean is the oil which
is expressed from the seeds. It is used in the manufacture
of soaps, lubricants, water-proof goods, linoleum, rubber
substitutes and printing ink; also in the preparation of
varnishes and paints, as a substitute for linseed oil. After the
oil is expressed from the seed, the ‘cake,’ either unground
or ground into a meal, is used as stock feed or as a fertilizer.
Soy-bean meal is of considerable value as human food.
Soy-bean flour is an important constituent in many food
specialties such as diabetic breads, crackers and biscuits.
Soy-bean flour is very low in carbohydrates, that made from
soy-bean cake having a carbohydrate content of 33.85 per
cent. (1) as compared with 75.35 per cent. in wheat flour.
The protein content of flour made from soybean cake is
given as 47.3 per cent., whereas that of wheat flour is but 11
per cent. Soy beans are also utilized to make a so-called soybean milk, which is valued for cooking purposes by bakers,
confectioners and chocolate manufacturers. The seeds of
soy beans are sometimes used as a substitute for coffee.
Soy-bean hay has a comparatively high feeding value. It is

recommended as a pasture for hogs. The plant is recognized
as a valuable soiling and ensilage crop. Nitrogen-fixing
bacterial nodules occur on the roots of the soy bean.”
References are at the end of each chapter. Address: PhD,
Prof. of Botany, Colorado Agricultural College.
361. Haberlandt, Gottlieb. 1918. Das Ernaehrungsproblem
und die Pflanzenphysiology [The nutritional problem and
plant physiology]. Berlin: Norddeutschen Buchdruckerei und
Verlagsanstalt. 28 p. 25 cm. [Ger]
• Summary: On the title page is written (in German): Speech
to celebrate the birthday of His Majesty the Emperor and
King, held in the assembly hall of the Royal FriedrichWilhelms-University in Berlin, on 27 January, 1918.
Gottlieb Haberlandt was an eminent plant physiologist.
This speech was given about 9 months before the fighting
ended in World War I. Kaiser Wilhelm abdicated on
9 November and Germany signed an armistice on 11
November 1918, effectively ending the war.
Gottlieb’s father was Friedrich Haberlandt of soybean
fame. On pages 25-27 of the transcript of this speech
Gottlieb discusses the soybean. After stating that the German
diet could benefit from the efficiency of eating plants
(especially legumes) directly, he continues: Above all, one
has to think about naturalizing a new legume, of which a
lot is now being said. The soybean plays an outstanding
role as food in Central Asia, China and Japan. For the sake
of its extraordinarily high protein content, which is also
accompanied by a significant abundance of fat, it is perhaps
the most nutritious plant food that exists. The protein content
is 32-44, their fat content 17-20 percent. The Japanese enjoy
an average of 40 grams of soybeans a day, covering the
fourth part of his total protein requirement and far more than
half of his fat consumption. These are numbers that make
you think.
Various attempts have been made to naturalize this
valuable legume in Central Europe. But until the seventies of
the last century these failed because of the heat requirement
of the imported varieties was too high. My father Friedrich
Haberlandt, professor of plant cultivation (Pflanzenbaulehre)
at the College of Agriculture, was successful in acquiring
some early varieties from northern China and Mongolia at
the Vienna World Exhibition in 1873. Using these, the first
attempts at cultivation were made in 1875. The results were
so surprising that in 1877 some 160 farmers in the most
diverse areas of Austria and Germany were able to take part
in the cultural trials. The result was that the acclimatization
of early-ripening soybeans in Central Europe beyond the
northern limit of distribution of the maize plant could be
considered completely successful. An early death prevented
my father from furthering the spread of his baby. It was not
until the World War that new circles drew the attention of
other circles to this legume. Cultivation trials have now been
carried out in northern Germany, some of which have been
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surprisingly successful. For example, in the experimental
garden of the plant physiology institute of our university in
Dahlem, several varieties came to maturity in the previous
year and the year before that. We now have so much seed
that the trials can be continued systematically in various
areas of Germany this year. There is, of course, a long way to
go from such acclimatization attempts in the garden to fieldbased cultivation. It is not yet possible to predict whether
the soybean will also prove to be a good crop for us. At the
moment it is not possible to see how the newcomer will fit
into the operation of our agriculture, at the cost of which
crops it will spread. But these are later concerns. Today we
can only express the well-founded hope that even after this
war, a new crop as a gift from the Far East will help to raise
our national nutrition. Address: Berlin.
362. Shive, John W. 1918. Toxicity of monobasic phosphates
towards soybeans grown in soil- and solution-cultures. Soil
Science 5(2):87-122. Feb. [16 ref]
• Summary: These complex experiments “deal with the
influence of five different monobasic phosphates on the
growth of soybeans, with special reference to the toxic
symptoms produced under various experimental conditions.”
It was found that several monobasic phosphate salts, when
added to soil or solution cultures, are toxic to soybean
plants growing in the media. This toxicity not only retarded
the growth of the plants but also produced certain specific
injuries to the plant tissue. The mono-potassium phosphate
was the least injurious while the mono-calcium phosphate
produced the greatest injury. Address: Plant Physiology Lab.,
New Jersey Agric. Exp. Station.
363. Botanical Journal (The) (England). 1918. The soya
bean: its uses and the romance of its cultivation in England.
5(6):84-85. March. [1 ref]
• Summary: “The story of soya bean cultivation in this
country, with a single brilliant exception, may be summedup in one word–failure. Before we discuss the botanical
characters and technical uses of the plant, let us survey
the history of its introduction and attempted cultivation in
Britain. The soya bean was brought to England in quantity
for the first time in 1908, and a few tentative experiments
were made to grow it during its first season. In the following
year the Board of Agriculture obtained the seed of sixteen
varieties from Japan, together with some of the soil in which
they had been grown. These specimens were sent to the
Midland Dairy Institute and Cambridge University Farm; the
plants grew well, but formed no flowers. The next attempt
was a year later, the seed being obtained from Manchuria
and distributed to the same centres, with the result that the
Cambridge plants actually formed seed. These seeds were
sown in 1911, but ‘the crop made little growth, and in spite
of the hot season no seed was produced.’ In the year that
marked the advent of the Manchurian seed some experiments

were carried out at the South Eastern Agricultural College,
Wye, with a variety known as ‘Early Tennessee,’ obtained
from Quebec. These seeds produced fairly well-filled pods
when grown on inoculated soil, but the Board of Agriculture
reported that the experiment had failed. This, in brief, is the
history of the soya bean plant in Great Britain up to the end
of 1911. In 1913 the Royal Botanic Society took the matter
up, and have had very great success. The story of their
association with the soya bean is somewhat of a romance.
The agent of a German cultivator visited this country with a
view to forming a syndicate to grow the bean. He called at
the Society’s offices and saw the Curator, Mr. North. In the
course of the negotiations that followed, a dried soya bean
plant was sent to the Society for inspection. This specimen
was one of an acclimatised race and, despite the fact that
the pods had not been cut away, they had, with German
astuteness, apparently all been emptied of their seeds. We
say apparently advisedly, for on subsequent examination one
or two very minute pods were discovered containing seeds,
which, from their very minuteness, had been overlooked.
Thirteen precious seeds, little larger than pins’ heads, was
the harvest vouchsafed. Good fortune attended the Society’s
efforts from the start, for the thirteen seeds produced thirteen
plants and 440 seeds. In the following year, despite various
set-backs, thirty-three plants were raised, yielding 1,000
seeds. In the year 1916 two-thirds of the seeds failed to
germinate, and matters looked anything but rosy. Was the oftrepeated prediction, that the soya bean would flourish for one
or two seasons and then fail, to come true? Early in the year
it certainly appeared so, but appearances were deceptive, for
the society’s original stock of thirteen undersized seeds had
increased to the gratifying total of 12,500 fully-developed
seeds before the end of the year. With such a harvest to their
credit–many of the plants bore 150 pods–it is not surprising
that the Society decided to cultivate the plant on a more
extensive scale. There is one matter that was ever in the
mind of the grower during the experiments: he learned to his
cost that the bean ‘holds fast to the habits impressed upon
it by thousands of years of unchanging culture, and to get
the best results it is necessary to go as close to them as the
differences of climate and country will allow.’ Where failures
resulted they could be traced in every case to laxity in
carrying out the method of culture that experience had shown
to be necessary. The importance of the Society’s success can
hardly be over estimated. We have no cultivated oleaginous
seeds in this country, with the exception of rape and linseed,
which are but little grown. The soya bean will fill the want.
“The uses of the soya bean and its oil are many and
varied. The oil is obtained from the seeds of Dolichos soja,
L., Soja hispida, Sieb and Zuc., Soja japonica, Savi., Glycine
hispida, Maxim., Glycine soja, L., a plant indigenous to
China, Korea, Manchuria, Japan, Formosa, and Indo-China.
The bean has been cultivated in China for 4,700 years, the
Emperor Shen Nung having planted the first seeds about
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2800 B.C. To this day the production of the oil is one of the
most important manufacturing industries of Manchuria and
Japan. In China four varieties of soya bean are known: the
white, yellow, green, and black. In Manchuria the beans are
soaked in water overnight, then crushed and boiled with
water, to burst the oil cells, Then the oil is expressed in very
primitive fashion, but, owing to the long time the beans are
in the press, the yield of oil is about 13 per cent., whereas
with modern machinery rarely more than 10 per cent. is
obtained. The expressed meal is made into bean cakes and
bean cheese, staple foods and important articles of export
in the Far East, as may be gathered from the export figures
for 1903, when from Newchwang alone 196,680 tons of
beans, 6,000 tons of oil, and 273,000 tons of bean cake were
exported.
“In Japan the cultivation of the soya bean is equally
extensive; there are at least 11,000 installations, in which 2½
million hectolitres of beans are expressed and treated each
year, by a kind of fermentation in which Aspergillus oryzae
plays a part, for the preparation of Shajon [sic, Shoyu] and
Misu [sic, Miso], liquid condiments in much request by the
Japanese. The demand, in fact, is so great that the home
production of 7,000,000 hectolitres of beans does not suffice,
and large quantities are imported from Manchuria and Korea.
“The early efforts to import the bean into Europe were
abandoned because the seed deteriorated on the long voyage,
and also because the bean cakes could only be disposed
of with difficulty. Later efforts, after the conclusion of the
Russo-Japanese War, were more successful. Enormous
quantities were shipped, and the export of the beans from
Manchuria was firmly established and developed into a trade
of huge proportions. The early shipments to Europe nearly
all came to this country, mainly on account of the heavy
duties imposed by continental countries. Soon, however,
these countries realised their folly, abolished the duties, and
the major part of the trade passed out of our hands. Efforts
were made to cultivate the soya bean in various parts of
the world, with the result that it has been grown in Ceylon,
India, West Coast of Africa, British Guiana, Natal, Transvaal,
Australia, North America, and elsewhere.
“The average composition of the bean is: Oil, 18
per cent.; water, 10 per cent.; albuminoids, 40 per cent.;
carbohydrates, 22 per cent.; crude fibre, 5 per cent.; ash, 5
per cent–which compares favourably with that of similar
seeds. The high content of albuminoids renders it valuable as
a cattle food, but it should be fed along with undecorticated
cotton cake, being distinctly laxative when given in excess.
In the early days of the industry soya bean cake commanded
a higher price than cottonseed cake; it was considered
especially valuable, by reason of the fact that milch cows fed
upon it gave a richer yield of milk even than those fed upon
cottonseed and linseed cake. As we have said, when the oil is
expressed, cake prepared therefrom is sold as cattle food; the
ground cake has even been used as an adulterant of coffee to

a very large extent” (Continued).
364. Botanical Journal (The) (England). 1918. The soya
bean: its uses and the romance of its cultivation in England
(Continued–Document part II). 5(6):84-85. March. [1 ref]
• Summary: Continued: “Frequently the oil is extracted with
solvents, on account of the greater yield of oil obtained by
this means; this extracted meal is used as manure, though
cases have occurred of its being sold and used as cattle food
on the continent. The expressed oil may be used in soap
making without further preparation, but when the seed has
become mouldy it contains free fatty acids and must be
refined in the same manner as cottonseed oil. For culinary
use the natural oil is bleached over fuller’s earth. The oil
contains approximately 15 per cent. of palmitic acid and 80
per cent. of liquid acids (probably oleic acid 70 per cent.,
linolic acid 24 per cent., and linolenic acid 6 per cent.).
“The rapid introduction of soya bean oil into the
commerce of the world is mainly due to its soap-making
properties, and it arrived on the market just at the time
when a suitable substitute for cottonseed oil was urgently
required. In Japan the soya bean serves for the preparation
of a condiment [shoyu], the cake refuse is used as a manure,
and small quantities of the oil are used for lighting. For
soap making the oil stands midway between linseed and
cottonseed; for soft soap it has almost completely ousted
linseed oil, for hard soaps it has, or rather can, only partially
take the place of cottonseed oil, for soap made from soya
bean oil is softer than that made front cottonseed oil. As a
cheap edible oil it has largely replaced cottonseed oil. When
the prices of linseed and cottonseed oil are high it is largely
used as an adulterant, and in Japan it is mixed with Japanese
rape oil.
“Its further uses are many and varied; it is extensively
employed in the manufacture of ‘boiled oil,’ ‘blown oil,’
varnishes, india rubber substitutes, and in the linoleum
industry. Varnishes from boiled oil prepared from the soya
bean do not, however, give a satisfactory skin, and drying
takes place slowly.
“The housewife will he interested to know that this
useful bean may be made up into some very palatable
dishes. At the present time especially it is good to learn of
nourishing fare with which to vary a somewhat abbreviated
menu. From the Ladies’ Home Journal [Nov. 1918, p. 85] we
have culled the following:”
Recipes for Soya Bean Fritters, Soya Bean Croquettes,
Soya Bean Loaf, and Soya Bean with Ham Shank are given.
“That we are now on a fair way to the growing of
this plant, so useful alike to man and beast, is a matter for
congratulation. As an addition to our staple crops it will be
more than welcome. And the fact that the original stock of
seed was obtained from Germany, quite accidentally, lends
a touch of humour to the romance which we feel sure will
be fully appreciated, and nowhere more so than across the
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Rhine, for the Germans are born humorists!
“Much of the chemical data for our article is based on
the writings of Dr. J. Lewkowitsch.”
365. Heuer, W. 1918. Gemuesebau: Die Sojabohne eine
wichtige Kulturpflanze der Zukunft [Vegetable gardening:
the soybean, an important crop plant of the future].
Gartenwelt (Die) 22(17):130-31. April 26. [Ger]
• Summary: Discusses the work of Prof. Haberlandt and
others to introduce soybeans to Germany. In general,
Germany is too cold to get good soybean yields, however if
the best soybean varieties and proper localities are carefully
selected, it is possible to get good yields. For 70 years
Germans have been breeding soybeans and there are now
varieties that definitely give good yields.
In the especially unfavorable summer of 1916 the first
soybean plants in the garden of the Plant Physiology Institute
of Berlin-Dahlem (Pflanzenphysiologischen Institus BerlinDahlem) were already ripe on Sept. 12 and by the beginning
of October, all of the plants were completely mature and
harvested. In the dry and hot summer of 1917 the maturity in
general was not any earlier, however the success of the crop
was very large. The yield was 200 to 400 beans for each bean
planted, depending on the variety. I am convinced is still
going to increase quite significantly.
The importance of having nodule-forming bacteria in
the soil is emphasized. The Royal Bavarian AgriculturalBotanical Institution of Munich (kgl. bayr. agrikulturbotanischen Anstalt München) succeeded in breeding these
bacteria in pure culture. Their presence in the soil will
definitely increase the yield of soybeansl.
Planting instructions are given. The main pests of
soybean plants are hares and rabbits, which prefer the
yellow-seeded varieties. Rats and mice like the ripe seeds.
Of the yellow, black, and brown varieties, the yellow are
to be especially recommended for the garden.
Given the importance of the matter, the War Committee
for Vegetable and Animal Oils and Fats has noted that
early maturing varieties already exist in Germany and their
dissemination among the German people is important so that
we have the largest possible amount of reliable seed in 1919.
Their main use was initially more in the food industry
than in individual homes. The great strength of the seeds is
not in their preparation like other types of [common] beans.
We will surely be successful in overcoming this difficulty
somehow. With the aid of a meat grinder it is already
possible, or by taking the cooked beans and crushing them;
in different ways they can be used for human consumption
and nutrition.
Note: Berlin lies in northeastern Germany, too far north
for soybean cultivation. The warm southern parts of the
country are much more suitable. Address: Dahlem, Berlin,
Germany.

366. Trabut, Louis. 1918. Le Soja: Soja Max (L.) Soja
hispida Savi [The soybean]. Algerie, Service Botanique,
Informations Agricoles. Bulletin No. 55. 16 p. April. [7 ref.
Fre]
• Summary: One cannot say that the soybean has been
introduced to the Western world only relatively recently;
it has been cultivated at the Jardin des Plantes since 1779.
There the soybean has always produced seeds, which have
been distributed to botanical gardens and amateurs interested
in plants. It would be unjust to say that for 138 years no one
has been involved in the utilization of soya in Europe. In
fact, there have been a number of fervent popularizers and
propagators of the plant. A history of this work is given,
including the Vienna Exposition of 1873, the work of Prof.
Haberlandt in Austria disseminating and testing soybeans
and his remarkable book on the soybean published in 1878,
the work of the Society for Acclimatization in France from
1855 (they made the vegetable cheese, tofu [To-fou]), and
exports from Manchuria to Europe.
Since 1898, Manchuria, which can no longer cultivate
the opium poppy, has greatly expanded its cultivation of
soybeans and has looked for outlets in European markets. In
1909 Manchuria exported 410,000 tonnes of soya, a figure
which rose to 650,000 tonnes in 1912.
A that time, according to Mr. Brenier, Director General
of the Chamber of Commerce at Marseilles, the industry of
Marseilles, confronted with a influx of new oilseeds, tried to
obtain soya but ran into customs problems. It wasn’t clear
whether soya should be classified as a legume (because
it is a bean) or as an oilseed (graine oléagineuse). While
the matter was being debated, all the available beans had
been purchased by Hull, England, and Hamburg, Germany
(Académie d’Agriculture de France, 1917, p. 189).
“As the Director of the Chamber of Commerce of
Marseilles informs us, in England, Germany, and the
Netherlands, the industrial use of the soybean has been
growing in importance for several years. In Germany there
even existed an important manufacture of soymilk.
“A Chinese factory [run by Li Yu-ying] was installed
a few years ago near Paris to enable the soybean to realize
its full potential and to introduce various commercial food
products made from this seed. In 1912 Messrs. Li Yuying and Grandvoinnet published a work on the soybean,
recommending its cultivation in France.
“In 1917 Mr. Balland notified the Academy of Sciences
of the utilization of soya in war bread, biscuits, etc. All these
products, said the knowledgeable chemist, can contribute to a
good diet because of their rich nutrient content.
“The Swiss, who consume many coffee substitutes, roast
the soybean seeds to make a coffee.
In Algeria, starting in 1894, soybean agronomic trials
were started at the botanical station of Rouïba. The results
were communicated to the other French colonies in 1898 [by
Louis Trabut] in Bulletin No. 16 of the Botanical Service.”
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The results of these and subsequent trials in 1896 and 1897
in Algeria are summarized.
In 1896 a soybean with a green seed coat yielded 2,980
kg/ha of soybeans.
Pages 7-11 include discussions of the nutritional value
of soybeans, their use in diabetic diets, the fact that soybeans
are rarely consumed as such but are almost always processed
into more sophisticated foods (including fermented foods).
Following these trials, that were focused on a very important
collection (80 soybeans in number) received [in France]
from a missionary in China through the intermediary of Mr.
H. de Vilmorin, the seeds were distributed and the results of
their cultivation were generally good. There follows a letter
from a person in Bou-Medfa [Bou Medfaa, Algeria]. Also
discusses the availability, benefits, and method of producing
soybean milk which the Chinese prefer to animal milks,
and which is free of bacteria that can cause tuberculosis.
In Algeria, soybean yields range from 12 to 30 quintals
per hectare. Note: 1 quintal = 100 kg. The Arabs consume
soybeans boiled in salted water. In England a Soya Flour
is sold which contains 75% wheat flour and 25% soy flour.
This flour is used commercially to make a soy bread. A Soja
Biscuit is made in the Netherlands.
Pages 12-14 list 26 soybean varieties in order of their
earliness. Synonyms and characteristics are also given:
Soja très hatif à grain noir (Extra Early Black; Vilmorin
or Ogema [Ogemaw] of Michigan. Matures in 80-90
days). Brun précoce (Early Brown from Indiana). Vireo
(Tokyo). Chernie (Khabarovsk, Siberia; black seed). Auburn
(American selection). Merko (Mekoechofka of Siberia;
brown seed). Elton (Khabarovsk, Siberia; yellow seed).
Chestnut (American selection 1907; brown seeds). Jaune
d’Etampes (Yellow Etampes, or Ito San in America; One
of the earliest varieties introduced to Europe and America).
Vert de Samarow (Green Samarow, or Guelph in America;
green seeds, matures in 120 days). Butterball (or Jaune
géant {Yellow Giant} from Dammann, from Tokyo; yellow
seeds. Matures in 110 days). Soja noir de Podolie (Black
Podolia [Podolia is in today’s Ukraine], or Buckshot in
America; black seeds). Wilson Black (Manchuria). Meyer.
Austin. Haberlandt. Huang-Tou (Yellow Bean, from
Ningouta {Ninguta, see Ning’an}). Bhetmas (from India;
seed chocolate and yellow). Medium Yellow. Shingto (From
Tieling {T’ieh-ling or Tiehling, Liaoning prov.}, Manchuria).
Swan (from Canton). Soja tigré (Striped, spotted, or speckled
soybean from Peking; seeds are grilled and eaten like
peanuts). Brooks (Manchuria and China). Maculata gigantea
(Large spotted, sold under this name by Dammann; probably
the same as the American variety Meyer). Mammoth
(American selection). Riceland (From China).
The importance of inoculation with bacteria is
emphasized. Soybeans can be cultivated with cowpeas for
forage. An illustration (line drawing) on the cover shows the
soy bean plant, with a close-up of the pods.

Note 2. This is the earliest document seen (Nov. 2020)
that mentions the soybean variety Wilson Black. Address:
Director of the Botanical Service for the Government of
Algeria.
367. Tu, Chow-Tien. 1918. Zhiwuxue daci dian [Botanical
nomenclature: A complete dictionary of botanical terms].
Shanghai, China: Commercial Press. 1590 + 48 p. Illust.
Index. 23 cm. [Chi]
• Summary: The text is in Chinese, with scientific names in
Roman letters and Japanese names in katakana. Many plant
descriptions, including that of the soybean, are accompanied
by an excellent, original illustration, as indicated by an
asterisk (*) below. The soybean is discussed in several
places: Yellow soybean* (Glycine hispida, Maxim.) Daizu,
mame. (p. 1133, 1239). Green soybean (Glycine hispida,
Maxim.) Ao mame. (p. 1286-87). Wild soybean (Glycine
soja, S. et Z.). Tsuru mame, no mame (p. 1335-36).
Also discusses: White azuki* (Phaseolus radiatus, L.
var.). Shiro azuki. Shyapon mame (p. 294). Sesame seeds*
(Sesamum indicum, L.). Goma (p. 674, 676). Kuzu (Pueraria
thunbergiana, Benth.) (p. 1135). Kuzu. Peanut* (Arachis
hypogaea, L.) Nankin mame. (p. 1197).
Other authors of this book are: Kong Qinglai, Wu
Deliang, Li Xianglin, Du Yaquan, Du Jiutian (Tu ChowTien), Zhou Yueran, Zhou Fan, Chen Xueying, Mo Shulue,
Xu Jiaqing, Huang Yiren, Ling Changhuan, and Yan
Baocheng. Address: China.
368. Lakon, G. 1918. Topographischer Nachweis der
Keimfähigkeit der Getreidefruchte durch Tetrazoliumsalze
[Topographical evidence of the germinability of cereal fruits
by tetrazolium salts]. Berichte der Deutschen Botanischen
Gesellschaft 60:299-305. [Ger]*
369. Halsted, Byron D. 1918. Report of the Department of
Botany. New Jersey State Agricultural Experiment Station,
Annual Report 38:369-424. For the year ending Oct. 31,
1917. See p. 379-84.
• Summary: In the section titled “Environment an
influencing viability and vigor: Depth of planting–corn,
beans, soybeans” (p. 374-84) is a long subsection on
“Soybeans” (p. 379-84) using Ito San soybeans. Tables
show the results: (7) Influence of depth of planting on the
viability of soybeans. Soybeans should be planted no more
than 3 inches deep. (8) Classification of the pods of the crop
(with and without aborts). The 2-seeded pods averaged the
highest yield and the 1-seeded the lowest. (9) Classification
of the pods of the crop with percentages (with and without
aborts). (10) Weight of seeds as related to position in the
pod of the deed planted. (11) Weight of seed as related to its
position in the pod. (12) Comparison of weights in the same
pod–full pods. (13) Abortiveness–two-ovuled pods. (14)
Abortiveness–three-ovuled pods. (15) Abortiveness–three-
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ovuled two-seeded pods. Address: Sc.D., Botanist [New
Brunswick, New Jersey].
370. Paerels, J.J. 1918. Soja [Soya]. In: Dr. K.W. Van
Gorkom’s Oost-Indische Cultures. 1918. Amsterdam: J.H. de
Bussy. 2nd ed. Vol. 2. Edited by Dr. H.C. Prinsen Geerligs.
See p. 839-51. Figs. 285-86. [8 ref. Dut]
• Summary: This is a reprint of Paerels 1913. Contents:
Origin and native land. The soybean plant: Botanical
description (flowers, seeds, fertilization, germination),
types and varieties, geographical distribution. Cultivation
of soybeans: General instructions for growing, planting,
manuring, diseases and pests. Production, trade, and use:
Tofu (Tao-Hoe), Chinese soy sauce (Tao-Yoe), soybean
paste (Tao-Tjiong [a term, and perhaps a product, between
doujiang and tao-tjo, Indonesian-style miso]), composition
of the seeds and nutritive value (samenstelling en
voedingswaarde). Photos show: Plants of a black variety
(p. 840), and a white variety of soybeans (p. 841). Address:
Netherlands.
371. Shih, Chi-yen. 1918. Studies in Chinese economic
botany. Shanghai, China: Chinese Government Bureau of
Economic Information. 71 p. 27 cm. China–Ministry of
Industry, Booklet Series 1. *
• Summary: See Shih (1918), “Beans and Bean Products.”
Horvath (1927, p. 416) states: “In Southern China, according
to Shih,* the soybeans called ‘eighth month white beans’ and
‘water white beans or tenth month white beans’ are mostly
used” to make tofu.
* Footnote: “Gives detailed information about the
manufacture of tofu and various products derived from it.”
372. Shive, John W. 1918. Report of progress in plant
physiology. I. The toxicity of phosphates toward soybean
seedlings. New Jersey State Agricultural Experiment Station,
Annual Report 38:405-08. For the year ending Oct. 31, 1917.
• Summary: Discusses: Monobasic phosphate salts used
singly in soil cultures. Monobasic phosphate salts in soil
cultures with complete nutrient mixtures. Monobasic
phosphate salts in solution cultures with complete nutrient
mixtures. “The studies of the influence of the monobasic
phosphate salts on the growth of soybeans, which were
begun last year, were continued during a part of this year.”
Address: Plant physiologist [New Brunswick, New Jersey].
373. Wolkoff, M.I. 1918. Effect of ammonium sulfate in
nutrient solution on the growth of soybeans in sand cultures.
New Jersey State Agricultural Experiment Station, Annual
Report 38:416-19. For the year ending Oct. 31, 1917.
• Summary: This is a “Report of progress in plant
physiology” within the “Report of the Department of
Botany.” Ammoniacal nitrogen, in the form of sulfate in the
Tottingham nutrient solution, was used study to its effect

on soybean yields. “The solutions of the series, which
is designated as the ammonium sulfate series, employed
four salts: mono-potassium phosphate, calcium nitrate,
ammonium sulfate, and magnesium sulfate.” As is well
known, Tottingham’s nutrient solutions contain these 4 salts.
Address: New Brunswick, New Jersey.
374. Bulletin Mensuel des Renseignements Agricoles et des
Maladies des Plantes (Rome). 1919. Recherches de chimie
physiologique sur le soya [Research on the physiological
chemistry of the soybean (Abstract)]. 10(1):52-53. No. 29.
Jan. [1 ref. Fre]
• Summary: A French-language summary of the following
English-language article: Shive, John W. 1918. “Toxicity of
monobasic phosphates towards soybeans grown in soil- and
solution-cultures.” Soil Science 5(2):87-122. Feb.
375. McHargue, J.S. 1919. Effect of certain compounds
of barium and strontium on the growth of plants. J. of
Agricultural Research 16(7):191-94. Plus 1 unnumbered
page with 3 photos at end. Feb. 17. [1 ref]
• Summary: The soybean was one of the plants tested. Plate
24, C, shows “four jars of soybean (Soja max) plants that
were grown in cultural solutions. The plants in the jars on
each end [which are larger] have been grown in a cultural
solution containing no barium compound, whereas the two
pots in the center have been grown in a similar solution
containing barium nitrate.” Barium nitrate “appears to have
retarded the growth of the roots, stems, and foliage of the
two sets of plants in the center.”
Conclusions: “(1) Barium compounds in the absence
of calcium carbonate are poisonous to plants; but barium
carbonate in the presence of an excess of calcium carbonate
apparently exerts a distinct stimulating influence on the
growth of the plants studied.”
“(3) Strontium compounds have in most instances given
larger increased yields than barium compounds.”
“(5) Neither barium nor strontium compounds can be
looked upon as important plant foods,...”
McHargue, in his experiments with cowpeas, soybeans,
oats, wheat, and corn grown in sand cultures, found that
neither barium or strontium compounds can be considered
as important plant nutrients but that the presence of a small
amount of the carbonate of each of these elements in the
presence of calcium carbonate gives increased yields that
are noteworthy. Both the barium and strontium carbonate
accelerate especially the growth of the roots of plants under
consideration. The compounds of both of these elements are
toxic to plants in the absence of calcium carbonate. He also
found, as did Suzuki (1900), that neither can replace calcium
to any degree in the metabolism of the plant.
Note: This is the earliest document seen (June 2021)
that mentions “metabolism” in connection with soybeans.
Address: Chemist, Kentucky Agric. Exp. Station.
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376. Burgess, James L. 1919. Relation of varying degrees of
heat to the viability of seeds. J. of the American Society of
Agronomy 11(3):118-20. March. [2 ref]
• Summary: One way to kill insects in seeds is to heat the
seeds. But the vitality and germination rate of some seeds
is harmed but such heating. “Soybeans were practically
unaffected by a temperature ranging from 140ºF to 194ºF,
running through a period of 1, 3, and even 5 hours.” A table
(p. 120) shows the viability of field seeds after exposure
to various temperatures for 1 to 5 hours. Address: North
Carolina Seed Lab., NC Dep. of Agriculture, Raleigh.
377. Russell, H.L.; Morrison, F.B. 1919. Service to
Wisconsin. Annual report of the Director of the Experiment
Station for 1916-17 and 1917-18. Wisconsin Agricultural
Experiment Station, Bulletin No. 302. 71 p. Aug. See p. 35.
• Summary: In the section titled “Studies in natural cross
pollination” (p. 35) we read: “Soybeans. It has been assumed
that about 1 or 2 per cent of natural cross pollination occurs
in soybeans. Experiments by L.J. Cole indicate that it is
probably much less frequent than that. Pure line strains with
distinctive characters were planted alternately in the same
row, and over 6,500 pods examined, only three showed
evidence of a cross.”
Note: This is the earliest English-language document
seen (Sept. 2004) that uses the terms “pure line” or “pure line
strains” in connection with soybeans. Address: Madison.
378. Wiener Landwirtschaftliche Zeitung (Vienna). 1919. Der
Frage des Anbauens und der Akklimatsation der Soja [The
question of the cultivation and the acclimatization of the
soybean]. 69(71):553. Sept. 3. [Ger]
• Summary: The question of the worthiness of the cultivation
of the soybean (Sojabohne) in Germany has been dealt
with for many years by both scientists and practitioners of
agriculture. In 1878, the renowned book by Prof. Haberlandt
was published in Austria, and the next year in Germany the
book by Dr. Wein, the one by Prof. Herz and Prof. Wollny in
1880, and then in 1881 the book by Henneberg and Drechsler
(Vienna) [sic, since no such work can currently (March
2021) be found, what was most likely meant by the author
of this article is the book by Ernst Wein, Die Sojabohne als
Feldfrucht [The Soybean as a Crop], published in Berlin in
1881 by Verlag Paul Parey and included as a supplementary
volume (Ergänzungsheft) to no. XXIX of the 1881 edition
of the agricultural periodical Journal für Landwirthschaft, of
which Wilhelm Henneberg and Gustav Drechsler were for
many years the editors].
After that, aside from various analytical experiments,
a certain standstill set in. The result of these publications,
which in general did not speak unfavorably about the
cultivation possibilities of the soybean (Soja), was, however,
a negative one according to the practical point of view. They

did not lead to the cultivation of this crop at the scale of the
garden and even less so at the agricultural level in any areas
of Germany. Since that time, the soybean has been dealt with
nearly every year by some institution from the nutritional
physiology and analytical standpoints. Immediately before
the war (1913), attention was drawn to the soybean once
again by the horticulturalist Winkler (in Mainkur) [a part of
today’s Frankfurt am Main, Germany] on the worthiness of
the cultivation of the soybean, but this question became acute
once again in Germany as well as in Austria only during
the war. In the search for new sources of fat, which in fact
led to the talking up of the cultivation of the most varied of
seeds that contain oil, the soybean was remembered once
again. While on one hand, Dr. Fruwirth in particular, on the
basis of his breeding trials, arrived at the result at that time
that this crop was in general not worthy of being cultivated
in Germany and couched this in the felicitous words that
the soybean could only be cultivated not where wine grows,
but rather where it is also drinkable, there was on the other
hand no lack of other voices that believed that they were able
to recommend the cultivation of the soybean (Sojaanbau)
in a wider range, such as in particular Dr. Heintze of the
Bacteriological Institute of the Chamber of Agriculture
for the Province of Saxony (Bakteriologische Institut der
Landwirtschaftskammer für die Provinz Sachsen). During the
period of the war, a variety of texts were published on this
subject, such as those by Hiltner, von Fürstenberg, Fruwirth,
Kurac [sic, perhaps Kuráz is meant?], Körnicke, etc. The
recommendations for the cultivation and the promotion that
was done from this by a certain side did not fail to make a
certain impression on the farmers and lead them to carry out
trials.
The Imperial Committee for Oils and Fats
(Reichsausschuss für Oele und Fette) (Unter den Linden 68
a, Berlin), which in numerous scientific commissions tested
the capability for use of a variety of oil crops for nutrition
as well as for the possibility of their cultivation in Germany,
was not able to get past these contradictory results. In
contrast, it decided to confront the testing of the worthiness
for cultivation itself, even though as a result of the scientific
and agricultural information that it had obtained, it had to
have seemed to it from the very start to be rather negative.
The Imperial Committee did then achieve results in 1918
for the first time that were reported in a conference of its
employees in Nuremberg. (Footnote: In that regard, see
“Anbau und Akklimatisation der Soja” [“The Cultivation
and Acclimatization of the Soybean”] by Prof. C. Fruwirth in
no. 41 of this journal.) The results of these trials are more or
less as follows:
“The various stocks (Herkünfte) that were tested are
extraordinarily unequal in the maturation time and yield
capability. But the most early maturing, developed seeds
did not achieve a suitable productivity in comparison to
the local bush beans. The medium late to late stocks hardly
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developed seeds or did not develop any at all. The earlier
stocks of soybeans were compared with the local bush beans
by some of those who carried out trials, and the results of
that which were achieved are indicated below (in kg per
are) [equal to an area of 10 m by 10 m, or 100 sq. m., or
1/100 of a hectare]: [A table follows with the nine columns
Trial Site, Bush Beans subdivided into Neger Variety and
Hinrichs Variety which, in turn are subdivided into Seeds,
Straw, Seeds, and Straw; and Soybeans, subdivided into
Hohenheimer fr. br. [probably Hohenheim Early Brown]
XXVI/13 and Tübinger XXI Strassburg I which, in turn, are
subdivided into Seeds, Straw, Seeds, and Straw, and the two
rows Hohenheim Seed Breeding Institute (Saatzuchtanstalt
Hohenheim) Eng. Pflz. [probably narrow planting],
Hohenheim Seed Breeding Institute Wt. Pflz. [probably
wide planting]; then the two columns Bush Beans, Seeds
and II/I Hamburger Yellow with the row Karlsruhe Chamber
of Agriculture (Landwirtschaftlich Kammer Karlsruhe)
(Ettlingen Trial Field) (with the footnote: Greatly infested
by cock chafer grubs); then the four columns English Dwarf
Beans, Seeds; XXII/12 Stedten fr. br, [probably Stedten Early
Brown], I/14 Mainkur Yellow Correns, V/14 Mainkur Black
Correns, Seeds with the row H. Lembke (Malchow) (with
the footnote: Greatly infested by cock chafer grubs) (and
with the footnote: With brown spot disease [perhaps Scirrhia
acicola]). The table shows yields that are significantly higher
for the straw of soybeans compared to the straw of bush
beans but otherwise consistently and substantially lower for
the seeds of soybeans compared to the seeds of bush beans.]
“From the table, it is to be deduced that in no case
did the soybean achieve the yield capability of the local
bush bean or even approach it, even though the latter
has a far shorter vegetative period, and even in the case
when it suffered greatly from cock chafer grubs and in
the other case when it suffered from brown spot disease
(Braunfleckenkrankheit). Thus, it is confirmed at least
for 1918 that even under the more favorable cultivation
conditions in Hohenheim and Karlsruhe, the early-maturing
soy beans demonstrated a thoroughly insufficient capability
for yield, which corresponds to the results from Prof.
Fruwirth. The trials showed that only few of the numerous
forms that were tested even produced seeds to some extent at
all, while the larger part had still hardly formed any mature
seeds even in October, but rather had only formed blossoms.
To be counted upon as the mature varieties are those which
for a longer time had already been cultivated in Germany
and had experienced a natural or systematic breeding
for early maturity, such as the varieties Schurigs Early
Brown (Schurigs frühe braune), Hohenheim Early Brown,
(Hohenheimer frühe braune), Tübingen Black (Tübinger
schwarz), Dahlem Brown (Dahlem braun), Uchtermoor
Brown (Uchtermoor braun), Lauchstedt Black (Lauchstedter
schwarz), Hamburg Yellow (Hamburger gelb), etc. The seeds
for sowing and the harvest from these trials were tested for

their chemical composition, namely for water, ash, fat, and
protein.
The trials were carried out by the Imperial Committee
in connection with numerous scientific institutes, plant
breeders, and practical agriculturalists in a broader range.
Within that context, and as a result of the broadest popular
distribution throughout the entire [German] empire, the
intention is to find the boundary of the acclimatization
capability in Germany. In order to arrange the trials to be
comparable, those who carried out the trials were provided
with a questionnaire, the purpose of which was to determine
in a numerically comparable manner the appearance of the
blossoms, the arrival at maturity, and the capability for yield
as well as other important determinations.
As the overall result of the trials, it can be stated that
not only are the recommendations for the cultivation of the
soybean in Germany premature as they had been indicated to
agriculture from a variety of sources, but very few prospects
exist in general for setting up the soybean through additional
breeding work to be so early maturing and capable of yields
that it could be cultivated at minimum in the most favorable
parts of Germany with success and exploitation. With this,
the great significance that this nutritious crop has and will
continue to have for nutrition is not contradicted. But for
greater consumption, it is almost exclusively importation that
will come into question, and from that point of view, its use
may in fact be recommended.
Imperial Committee for Oils and Fats,
Scientific Department, Berlin
Note: Translated by Philip Isenberg (MM, CT), Long
Beach, California.
379. Morse, W.J. 1920. Re: Work conducted with soy
beans and cowpeas at Whitehall, South Carolina. Letter
(memorandum) to Prof. C.V. Piper, Bureau of Plant Industry,
USDA, Washington, DC, Jan. 24. 1 p. Typed, without
signature (carbon copy).
• Summary: “Dear Prof. Piper: With regard to your request
for a memorandum on the work conducted with soy beans
and cowpeas at Whitehall, South Carolina and also any
suggestions for work along this line, I submit to you the
following.
“In summarizing the work carried on at Whitehall, South
Carolina, in 1916 and 1917 with soy beans, Mr. Westover
in his report states that in general this crop made a very
satisfactory growth and the yields of forage were somewhat
greater on the rice lands than on the upland. Attempts
to grow seed met with failure, probably due to climatic
conditions, but Mr. Westover suggests that further work will
have to be done along this line to settle this problem.
“In looking over a more detailed report of the soy bean
work, the matter of seed maturing properly appears to be
the same for all varieties except the Hollybrook. Attempts
were made to grow two crops the same season of early
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varieties, namely the Manchu and Ito San. The first seeding
was harvested for forage on July 21 and the varieties
were again seeded July 30. The second crop produced an
abundance of pods but they contained very few good seeds.
All other varieties tested, such as the Mammoth, Hollybrook,
Virginia, Biloxi, Chiquita, Barchet, Black Eyebrow and
Manchu, although producing an abundance of pods, did not
mature the beans properly. The beans instead of hardening
as they normally do, remain soft, the seed coats drying and
shriveling. With the Hollybrook, the seeds filled out well.
“Before any considerable field work should be
conducted on the rice lands or uplands, further work should
be carried on with the soy bean along the following lines.
“(1) Date of planting, beginning April 1 and continued
at intervals of 2 weeks up to August 1. The date of planting
test should include early, medium, medium late, and
late varieties. (2) Variety tests. Rows or small field plots
including all varieties now grown commercially and some of
our improved sorts such as the Hahto, Easy Cook, Laredo,
Biloxi, Mandarin, and Otootan. With such experiments,
studies can be made to see if time of planting has any effect
on the normal development of the seed and if all varieties
behave the same in seed production.
“Relative to the cowpea, which I suggested growing for
production of seed, I note that although good forage in 1916
was produced, little seed was obtained. The reason given is
that there was an abundance of rain at the time of bloom. In
1917, however, seed was produced quite abundantly but it
rotted as badly and was so infected with weevil that no yields
were obtained. If it is deemed desirable to grow cowpeas for
seed, I would suggest much the same line of experiments for
cowpeas as has been noted for soy beans, namely, date of
planting and variety tests.
“As a forage proposition, both cowpeas and soy
beans do very well and give excellent yields. The soybean
was found to range from 2750 pounds of cured hay with
the Tokyo variety to 5,600 pounds of cured hay with the
Chiquita variety. The cowpea with the Brabham variety gave
2750 pounds of cured hay, the Groit 4010 pounds of cured
hay per acre.
“Very truly yours, Assistant Agronomist.”
Location: National Archives, College Park, Maryland.
Record group 54–Bureau of Plant Industry, Soils and
Agricultural Engineering. Subgroup–Div. of Forage Crops
and Diseases. Series–General Correspondence, 1905-1929.
Piper, C.V. Box no. 108.
Sent to Soyinfo Center by Matthew Roth of Rutgers
Univ., April 2017.
Note: This is the earliest document seen (June 2021)
that mentions “seed maturing.” Address: Asst. Agrostologist
[Forage Crop Investigations, Bureau of Plant Industry],
USDA, Washington, DC.
380. Nelson, E.M. 1920. A chemical study of the ether

extracts of soy bean leaves. J. of Industrial and Engineering
Chemistry 12(1):49-50. Jan.
• Summary: “Published with the approval of the Director of
the Wisconsin Agricultural Experiment Station.”
Soya bean leaves do not form an available source of oil
for paint manufacture, since they yield only 3-6% of ether
extract, and the most highly unsaturated compounds in the
extract are not oils, but probably cyclic alcohols (phytosterol
and stigmasterol) and carotin, which do not form a hard
film on drying. Address: Univ. of Wisconsin, Madison,
Wisconsin.
381. Barton, Arthur Willis. 1920. The lipolytic activity of
the castor and soy bean. J. of the American Chemical Society
42(3):620-32. March. (Chem. Abst. 14:1687). Based on his
1918 PhD thesis, Northwestern Univ., Evanston, Illinois. [5
ref]
• Summary: “Since 1900 there have been many
investigations of animal and vegetable lipases.” From a study
of the hydrolysis of lard, olive oil, and ethyl butyrate by the
lipases of castor and soya beans it is deduced that the lipase
of castor beans is more intense in its action than that of soya
beans. The range of acidity in which action on lard and olive
oil took place was practically the same with both enzymes
and independent of the substrate. The degree of activity for
a given acidity was practically the same for olive oil and for
lard. The activity towards ethyl butyrate was less, and the
range of acidity in which action took place was much higher
and narrower. It is concluded that soya and castor beans
contain the same lipase or lipases, and that both contain more
than one lipase [lipolytic enzyme]. Address: Northwestern
Univ. Medical School, Evanston, Illinois.
382. Garner, W.W.; Allard, H.A. 1920. Effect of the relative
length of day and night and other factors of the environment
on growth and reproduction in plants. J. of Agricultural
Research 18(11):553-606 + 16 plates at end. March. [26 ref]
• Summary: This pioneering early study on photoperiodism
was conducted on soybeans, using the varieties Mandarin,
Peking, Tokyo, and Biloxi; this is the earliest document seen
(July 2021) concerning photoperiodism in connection with
soybeans. The terms “photoperiod” and “photoperiodism”
are first used in this publication. Regardless of date planted,
Mandarin blossomed first, followed by Peking, Tokyo, and
Biloxi. “Biloxi is distinctively a ‘short day’ variety; with a
daily light exposure of 12 hours or less it blossoms almost as
early as the Mandarin.”
Contents: Introduction. Preliminary observations.
Relation of date of planting to date of blossoming in
soybeans (soybeans were planted through the spring and
summer of 1919 in Washington, DC). Discussion of results.
Length of daily light exposure in relation to vegetative
development. Relationships between annuals, biennials,
and perennials. Is the response to differences in day length
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a principle of general applicability in biology? Conclusion.
Summary.
“The term photoperiod is suggested to designate
the favorable length of day for each organism, and
photoperiodism is suggested to designate the response of
[each] organism to the relative length of day and night.”
Summary: “(1) The relative length of the day is a factor
of the first importance in the growth and development of
plants, particularly with respect to sexual reproduction. (2) In
a number of species studied it has been found that normally
the plants can attain the flowering and fruiting stages only
when the length of day falls within certain limits.”
“(8) In extensive tests with soybeans, variations in
the water supply ranging from optimum to a condition of
drought sufficient to induce temporary wilting daily and to
cause severe stunting of the plants were entirely without
effect on the date of flowering, although in some cases
drought seemed to hasten somewhat the final maturation
of the seed. Similarly, differences in light intensity, in
combination with differences in water supply, failed to
change the date of flowering in soybeans.
“(10) The interrelationship between the length of day
and the prevailing temperatures of the winter season largely
control successful reproduction in many species and their
ability to survive in given regions. (11) The relation between
the length of the day and the time of flowering becomes of
great importance in crop yields in many instances and in
such cases brings to the forefront the necessity for seeding at
the proper time.” A graph (line; p. 568) shows the shortening
of the vegetative period preceding flowering in soybeans.
Note 1. This is the earliest document seen (July 2021)
that contains the term “day length” or the term “maturation
of the seed” in connection with soy.
Note 2. Beginning in 1910, Wightman Garner and
Henry Allard conducted experiments to test the effect of day
length on flowering. They found that soybeans flower when
the day length is shorter than a certain critical length. These
short-day plants (SDPs) flower in the fall as the days are
getting shorter. In 1920, when W.W. Garner and H.A. Allard
published their discoveries on photoperiodism, they felt it
was the length of daylight that was critical, but it was later
discovered that the length of the night was the controlling
factor. W.W. Garner (born 1875) was also an expert on
tobacco. Address: 1. Physiologist in Charge; 2. Physiologist,
Tobacco & Plant Nutrition Investigations, Bureau of Plant
Industry, USDA.
383. Hayata, Bunzô. 1920. Icones plantarum Formosanarum
nec non et contributiones ad floram Formosanam [Icones of
the plants of Formosa, and materials for a flora of the island,
based on a study of the collections of the botanical survey of
the government of Formosa. Vol. IX.]. Taihoku: Bureau of
Forestry, Industries, Government of Formosa. 155 p. See p.
26-30. March 25. 8 plates. [3 soy ref. Lat]

• Summary: On the title page, the title is written first in
Chinese, then in Latin, and finally in English. The text is
mostly in Latin, with a few notes in English.
Pages 26-30 mentions various Glycine species,
including Glycine pescadrensis Hayata sp. nov., Glycine
subonensis Hayata sp. nov. (with large illustration), Glycine
tabacina Benth., Glycine tomentosa Hayata, Glycine
tomentella Hayata.
Note 1. Glycine tabacina Benth., and Glycine
pescadrensis are now (April 2005) both Glycine clandestina.
The author lived 1874-1934.
Illustrations (line drawings) show 8 different parts of the
Glycine subonesis plant, including flower, stamens, ovary,
and seed (p. 28).
Note 2. The species name tomentella comes from the
word “tomentose,” meaning hairy. Address: Rigakuhakushi.
384. Lipburger, D. 1920. Ueber die Sojabohne und deren
Anbau [On the soybean and its cultivation]. Vorarlberger
Landes-Zeitung (Bregenz, Austria) 57(88):1-2. April 19.
[Ger]
• Summary: Both in an article in the Pharmazeutische
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Post from 1916 and in a paper by the specialist subject
teacher, Edmund Pasterneck [sic, Pasternek?] in Marglan
near Salzburg “Ueber die Kultur der Sojabohne” [“On
the Cultivation of the Soybean”], reference was made to
the importance and the outstanding value of this plant for
human nutrition. But since both of these articles may not
be so accessible to the public, I wish to undertake below
the reporting of some of the interesting points from both of
them. Within that context, it is to be noted that as early as
1870 [sic, 1875], Haberlandt had already carried out trials on
the cultivation of this plant in Austria and, along those lines,
had also done so with success.
First of all, some things need to be stated about the
versatile utilization of the soybean (Sojabohne). As early
as five thousand years ago, it was already being planted in
China and since ancient times, it had achieved the greatest
significance there as one of the most important food crops
and beneficial plants (Genusspflanzen), and the same holds
true in Japan. In both countries, it is enjoyed daily in the
most varied of preparations, practically at every meal in
significant quantities, for which as a consequence of its
high protein content and abundance of fat, it is suitable to
an outstanding degree. With respect to other vegetables
which contain on average 22 to 23 percent protein, the
content of the soybean amounts to 35 percent, and its fat
content approximately 20 percent. It is richer in nitrogenous
compounds than meat, but their effect is to be more easily
digestible. It is therefore an extremely concentrated food
which, as a consequence of its beneficial composition,
is capable of completely replacing meat. As an example,
in order to supply 100 grams of albumin to the body,
approximately 262 soybean seed (Sojakörner) are sufficient.
Soybeans (Soja) also possess a particular wealth of lecithins–
the building blocks of nerve matter (Nervensubstanz)–and
very little of the nitrogen-free extractives (Extraktivstoffe)
that are not beneficial to nutrition. As a result of its tastiness
and its versatile usability, various possibilities for preparation
that are adapted to the European palate will soon result with
ease.
I shall mention below some of the ways that this bean
is used by the Chinese and Japanese. Soymilk (Sojamilch) is
produced exclusively from the yellow beans, and specifically
as normal milk, as dried milk [powdered milk], as fermented
milk (similar to yoghurt), and as condensed milk. It is
from this milk that soy cheese (Sojakäse [probably tofu])
is prepared, an extraordinarily nutritious and very easily
digestible product which, when smoked, also keeps for a
long time. The Chinese call this cheese “The Meat without
Bones” (“Das Fleisch ohne Knochen”). Note 1. This is the
earliest document seen (March 2020) that contains the phrase
“Das Fleisch ohne Knochen.”
Furthermore, soy pâtés (Sojapasteten) are prepared
which are similar in appearance and flavor to liver pâtés.
Soybean meal (Sojamehl), of a whitish yellow color, is

milled from dehulled (entschälten) soybeans. It has four
times more protein, twenty times more fat, and three to five
times less nitrogen-free extractives than the flour of our grain
species. From it, extraordinarily easily digested soy bread
(Sojabrot) is prepared, as are various cakes and biscuits.
Soybean coffee (Sojabohnenkaffee) is one rather well-known
use of the plant. Thus, in the area of Frohnleiten (near Graz
in today’s Austrian state of Styria), for example, it has been
grown for more than 25 years as a coffee substitute. In
addition, the soybean is also fermented, and in that state, the
nutrients are already completely unlocked (aufgeschlossen).
In Japan and China, at the top position of these fermented
preparations are the butter-like seasoning “miso” and the
liquid “shoyu” (“Schoyou”). Miso, for example, is one of the
most important foods there. It is extremely rich in protein
and on top of that easily digested. Every year, approximately
30 million kilograms of it are consumed. Shoyu is produced
from the yellow-seeded soybean and in Japan, 10,634
factories are occupied with the production of it. The annual
consumption amounts to approximately 720 million liters.
With that which has been stated above, enough has been
said about the usability and the nutrition of the soybean, and
thus I wish to report some more about the cultivation. With
regard to soil conditions, the plant is very undemanding,
just as with all legumes. A lot of nitrogenous fertilizer or
the planting in soil that has been freshly and abundantly
fertilized with liquid manure or dung will in fact very
much support leaf growth but will weaken the crop yield.
It flourishes best on sandy loam soil that has been loosened
well and deeply. Frühwirt [sic, Fruwirth] declares wet areas
and peaty soil to be unsuitable, but the specialized subject
teacher Pasternek nevertheless recommends a trial on a soil
of that type. It must, however, be drained by corresponding
ditches and abundantly fertilized with potassium. In any
case, the plant is very grateful for applications of chemical
fertilizers.
For complete fertilization, Lechartier recommends
per are [100 square meters] 2 kilograms super phosphate
(16 percent) or 4 kilograms Thomas meal (Thomasmehl),
2 kilograms potash salt (Kalisalz), and 1 kilogram Chile
saltpeter (Chilisalpeter [sic, Chilesalpeter]). Mr. Pasterneck
[sic, Pasternek] used for every 100 square meters 3
kilograms of 40 percent potash salt, 6 kilograms Thomas
meal, and 1 kilogram nitrolime (Kalistickstoff). As necessary,
one year can also be fertilized only with potash salt, but then
in the following year, it must be more abundantly assisted
with super phosphate so that the soil does not become too
depleted of phosphoric acid. The chemical fertilizers are
spread evenly in the appropriate quantities approximately
three weeks before sowing on the unplowed (ungegraben)
soil and hoed into the soil.
For the Salzburg area, Mr. Pasternek found the most
favorable planting time to be mid-April. For locations
that are situated higher and for mountainous areas, that
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would occur somewhat later. The plant needs a certain
vegetation period (Vegetationsdauer) for maturity: with
wet, unfavorable weather from mid-April to mid-October,
with especially poor weather conditions even up to late
November. At higher locations, the pods therefore have to be
subjected to after-ripening (Nachreife) on dry soil up until
around Christmas. For this purpose, the plants that have been
cut–or even better, pulled up with the roots–are spread on the
ground or else hung up on ropes.
The beans are placed deep in the earth at distances
of 40 to 50 centimeters and in rows that are 50 to 60
centimeters apart from each other. The seeds have a very
high germination rate (sind sehr keimkräftig). On average,
90 to 100 percent sprout, and only a few substitute seedlings
(Ersatzpflänzchen) are sufficient to fill in the gaps where they
did not come up. These are planted at a separate location,
and once they attain a height of 5 to 10 centimeters, they
are dug up along with some earth and are correspondingly
transplanted. The first hoeing takes place when the plants are
approximately 10 to 12 centimeters high, and in so doing,
care is to be taken that the roots are not damaged. Once the
plants are 15 to 20 centimeters high, then the second hoeing
takes place, as does a hilling up (Behäufelung) as is similar
to potatoes. Up to this point in time, the removal of weeds
must also be attended to, but then, [the plants] develop
rapidly and do not require any further care, since because of
their dense foliage, the weeds stay away on their own. The
dreaded April and May frosts do not damage the plants, since
they tolerate cold of 2.5 to 2.7 degrees. [C.] In June to July,
the first small blossoms appear, and thus the pods do, as well.
With the approaching harvest, the leaves turn yellow and
the pods turn hard and brown. But the bushes may only be
cut when most of the pods rattle when shaken. One should
also beware of over-ripening, because otherwise losses occur
from the beans falling out of [shattering from] the pods. That
falling out can be avoided with cutting in dew. The beans
are then after-ripened, as has been mentioned above, and
then the dried pods are threshed. The beans are thereupon
separated from the empty pods in a grain winnowing
machine (Getreideputzmaschine). If no machine is available,
then the beans along with the empty pods are allowed to fall
from a moderate height into a wooden tub (Holzschaff) in
a moderate wind, whereby the pods are blown away by the
wind, although the pods should not be lost as they are in any
case valuable as animal feed. The roots that have remained in
the soil after the harvest decay, form nitrogen, and enrich the
soil with this precious fertilizer.
***
We have provided space for these interesting remarks
even though we make no secret of the fact that the procuring
of seeds for sowing for this year will in fact no longer
be possible. But perhaps this essay will contribute to the
Agricultural Council (Landeskulturrat) taking up the issue
of the procurement of seeds for the sowing of the soybean in

greater detail for the next agricultural year.
Note 1. Translated by Philip Isenberg (MM, CT), Long
Beach, California.
Note 2. Bregenz is today the capital of Vorarlberg,
the westernmost state of Austria. The city is on the eastern
shores of Lake Constance, the third-largest freshwater lake in
Central Europe.
Note 3. Address: PhD, Chemist with the Vorarlberg
Canned Food Factory (Vorarlber [sic–Vorarlberger]
Konservenfabrik) (Chemiker der Vorarlberger
Konservenfabrik Lochau [on Lake Constance, Austria].
385. Pynaert, L. 1920. Le soja [Soya]. Bulletin Agricole du
Congo Belge et du Ruanda-Urundi 11(1/2):151-86. March/
June. [Fre]
• Summary: Contents: Introduction. Botanical description
and habitat. Varieties: yellow, greenish, black, brown,
green, white. Cultivation/culture of soybeans: Necessary
conditions, cultural practices used in the USA, quantities
of seeds planted per acre, inoculation, harvesting soybeans:
Harvesting for the seeds, threshing, yield of soybeans/
seeds, harvesting as forage. Chemical composition of
the plant and seeds in various forms (forage, hay, seeds,
silage, etc.), digestibility. Value and use of the harvest:
Seeds, hay, preparation of hay, pole curing frames for the
preparation of hay. Reconstitution of the soil (by adding
nitrogen). Fertilizing value: Green forage, forage for
silage. Value of the seeds for feeding (a tables shows the
chemical composition; they are rich in protein). Soya for
pasture (in mixed culture with other crops). Necessary
fertilizers. The feed value of soya: For sheep, for dairy
cows, for pigs, comparison of soybean seeds and cottonseed
flour, comparison of soya with other oilseeds (tables show
chemical composition). Soy oil. Comparison between
the soybean and the cowpea. Storage of soybean seeds.
Conclusions (13 points). Culture of soya in West Africa.
“Following many satisfactory experiments, the culture
of soya has been introduced in West Africa... Soya can
be grown as the principal crop, intercropped, or used in
rotations with cotton an corn. The harvest of the last two
will be greatly improved by the introduction of soya in the
rotation.
“Dr. E.S. Edie, M.A., B.Sc. of the University of
Liverpool, Institute of Commercial Research in the Tropics,
has published the following report. ‘I am sending you
some analyses of soya cultivated in West Africa; they can
be compared with those from the Orient. The composition
of oil is as follows: Southern Nigeria 19.62 p.c. (%), Gold
Coast 21.29%, Sierra Leone 23.20%. The Bathurst Trading
Company (Gambia) [Note 1. Bathurst, later renamed Banjul,
is the capital of Gambia] likewise submitted the following
report: The seeds were shipped from Liverpool [England]
at the end of Sept. 1909 and samples of the harvest were
sent from Bathurst on 20 Jan. 1910. Analyses showed they
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contained 17½% oil and we believe that this level would be
higher if the culture had been undertaken in the surrounding
countryside and not in the city which is nothing but a
sandbank.
The late Sir Alfred Jones had distributed numerous
works concerning soya in West Africa.
A footnote states that this work had been drafted
primarily with the aid of a brochure edited by Lever Brothers
Ltd., titled Soya Beans, Cultivation and Uses.
Illustrations (non-original) show: (1) The soybean plant,
with close-ups of flower and pods (p. 151). (2) Soybean
plant with leaves, pods, and roots with nodules (p. 153).
(3) Yellow variety of soybean plant (p. 157). (4) A young
soybean plant (p. 160). (5) Soybean plant with pods. Inset
of pods included (p. 167). (6) Pole curing frame (p. 171). (7)
Stack of soybeans with horse nearby (p. 172). (8) Soybean
roots with nodules (p. 174). Photos show pods and beans
of: Seven varieties of soybeans (p. 156). Six varieties of
soybeans (p. 163).
Note 2. This is the earliest document seen (March 2021)
concerning soybeans in connection with (but not yet in)
Ruanda-Urundi (divided into Rwanda and Burundi in 1962).
Note 3. This document contains the earliest date seen
for soybeans in Gambia, or the cultivation of soybeans in
Gambia (about Oct. 1909; one of three documents).
386. Parker, F.W.; Truog, E. 1920. The relation between the
calcium and the nitrogen content of plants and the function
of calcium. Soil Science 10(1):49-56. July. [12 ref]
• Summary: The soybean is mentioned in tables on page 51
and 52. Legumes usually respond to liming and are sensitive
to soil acidity. Address: Dep. of Soils, Agric. Exp. Station,
Univ. of Wisconsin.
387. Wisconsin Agricultural Experiment Station, Bulletin.
1920. Vitality of soybean nodule bacteria in soils. No. 319. p.
26. Sept.
• Summary: This Bulletin is titled “Experiments in
Farming,” by H.L. Russell and F.B. Morrison.
“Fields once inoculated with nodule-forming bacteria
from soybeans do not require reinoculation under ordinary
conditions. Experiments carried out this last year by Mr.
Albertz indicate that soybean nodule bacteria are capable
of living under field conditions for a period of 17 years. In
1902 a field on the Hill Farm was planted to soybeans (Early
Black). This season Ito San variety was used, the seed being
planted upon a portion of the same field that had been earlier
occupied with soybeans. An examination of roots made
during the summer showed no nodules on that portion of the
field which had never grown soybeans, while all of the plants
examined on the other portion of the field had nodules.”
388. Kameoka, Seiji. comp. 1920. Manshû daizu no kenkyû
[A study of the soybeans of Manchuria]. Fou-t’ou: South

Manchuria Railroad Incorporation. 156 p. Oct. Illust. 21 cm.
[Jap]
• Summary: This is a collection of three articles, written
in Japanese, on three aspects of soybean production in
Manchuria: its cultivation, its botanical and chemical
analyses, and its production and marketing. Appended are
regulations and notices relating to the storage, packing, and
transportation of soybeans, issued by the South Manchuria
Railway Co.
Note: As of Feb. 2012, this book is digitized on the Web.
Address: Manchuria.
389. Strowd, W.H. 1920. The relation of nitrates to nodule
production. Soil Science 10(5):343-56. Nov. [20 ref]
• Summary: This is a summary of Part II of his PhD
thesis submitted to the Graduate School of the University
of Wisconsin. Discusses the effect of nitrate nitrogen on
different parts of the soybean.
“Introduction: When inoculated soybeans are grown
in pure quartz sand, to which has been added an abundance
of the essential plant-food elements except nitrogen, the
bacteria will assimilate sufficient nitrogen to meet the normal
demands of the plant. On the other hand, the soybeans will
thrive equally as well without bacteria, provided sufficient
combined nitrogen is supplied in available form; for
example, nitrates. For the farmer it is important to know
what proportion of the nitrogen of the legumes is obtained
from soil and what portion is obtained from the air by means
of the bacteria.”
“Effect of nitrates on legume bacteria: Hiltner (1900)
found that nitrates inhibited nodule formation and that the
inhibiting effect of a given concentration of nitrates was
much greater in solution than in soil.”
Strowd showed that combined nitrogen did decrease
the soluble sugars in the sap of the soybean, but the
concentrations of nitrate used were fairly high.
Strowd found that there is an increase in the nitrate
content of the roots of soybeans growing in the field during
arrested photosynthesis. Address: Depts. of Agricultural
Chemistry and Agricultural Bacteriology, Univ. of
Wisconsin, Madison, Wisconsin.
390. Strowd, Wallace Headen. 1920. Part I. The
determination of nitrites and nitrates in plant tissue. Part II.
The relation of nitrates to nodule production. Part III. The
forms of nitrogen in soybean nodule. PhD thesis, University
of Wisconsin–Madison. 32 p. In: Library of Congress.
Catalog Div. A List of American Doctoral Dissertations
Printed in 1912-1932. 1921. *
Address: Univ. of Wisconsin.
391. Garrett Clipper (Garrett, Indiana). 1921. News of the
county agent: Soy bean meeting. Feb. 7. p. 2, col. 1.
• Summary: “During Farmers’ Week the men interested in
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soy beans held a meeting at which the various questions
concerning the comparatively new crop were brought up and
discussed. Much enthusiasm was shown. W.A. Ostrander,
of the Soils and Crops Department at Purdue, presided. Mr.
Ostrander has been making quite a study of this crop for
Indiana. Here are some of the conclusions and words of
advice he gave to those present:
“’You cannot be a successful soy bean grower in one
year. It takes some experience to be able to grow and handle
this crop to best advantage. Different soils have different
effects on soy beans.’
“’We will have an over-supply of soy beans for seed for
some time. There is a big demand for seed but Indiana will
not have more than enough for her own supply. Inquiries for
seed are coming in to Indiana from other seed firms in other
states.
“’The price will be from $4 to $6 per bushel of seed. At
planting time price will likely be a little higher. Buy now.’”
“Varieties: ‘The Ito San is a good variety for northern
Indiana, for hogging-off and for hay. The Early Brown and
Ito San are practically the same except in color. The two
mix so we should discard one. Let’s keep the Ito San. There
are about 900 different varieties of soy beans. We must
eliminate and keep only a very few varieties. Since they
cross-pollinate, let’s standardize, or keep about two varieties
pure. Bees carry the pollen. The Ito San and Hollybrook will
answer our purpose for soy beans for seed and for hoggingoff; the Hollybrook for hogging-off, and for hay.”
“Good Demand for Seed: ‘For seed there will be a good
demand for the next two or three years at least. The northern
states cannot grow good seed. There is a good demand for
seed from Michigan, Wisconsin and Minnesota. This will be
a good money crop if properly handled...’”
Also discusses: Soy beans with corn. Inoculation.
Cultivation. Harvesting.
392. Hildebrandt, F. Merrill. 1921. A physiological study of
the climatic conditions of Maryland, as measured by plant
growth. Physiological Researches 2(8):341-405. May. [21
ref]
• Summary: This research on soy-bean growth and climatic
conditions at nine different stations well distributed
throughout the state of Maryland was conducted during the
summer of 1914 by Dr. Forman T. McLean but publication
was delayed until 1921 by wartime conditions. McLean
worked under the joint auspices of the Maryland State
Weather Service and the Laboratory of Plant Physiology of
the Johns Hopkins University. This study regarded “the soybean plant (as here employed) as a standard plant or indicator
of the measurement of climatic efficiency to produce plant
growth...” Neither precipitation nor soil conditions were
considered factors. The authors conclude: “The point
that seems in need of emphasis is that this new aspect of
climatology (or of ecology) will have to deal with climatic

conditions as they affect plants; it will not need to give main
attention to climatic fluctuations and differences per se, nor
to the meteorological, physical and astronomical reasons for
their occurrence.”
Note: This is the earliest English-language document
seen (March 2011) that contains the word “ecology” (or
ecological, etc.) in conjunction with soybeans.
393. Nagai, Isaburo. 1921. Daizu hinshu no yô menseki to
seisanryoku to no kankei [Relationship between the leaf area
and productivity of soybean varieties]. Nogaku Kaiho (J. of
the Scientific Agricultural Society, Japan) No. 228. p. 60324. Sept. [9 ref. Jap]
• Summary: The author did an early scientific experiment
using many soybeans gathered throughout Japan. He pointed
out that soybeans grown in northern Japan have larger seeds
and leaves than those from southern Japan.
394. Nagai, Isaburo. 1921. A genetico-physiological study on
the formation of anthocyanin and brown pigments in plants.
J. of the College of Agriculture, Tokyo Imperial University
8(1):1-92. Nov. 5. See p. 48-78. [21 ref. Eng]
• Summary: Under “Genetical Study,” part 2 is titled “The
mode of inheritance of anthocyanin and brown pigment in
the seed coat of Glycine soja.” The author discusses the
color types of the seed coat, a cross between blue tinged
yellow x brown, and the reciprocal, and a cross between buff
and black.
Table 21 is titled “Chromogen content in the extract
of unripe, green seed, and leaf of Glycine soja.” For each
entry is given: Name of variety, colour of seed when mature,
chromogen in seed (incl. oxidation colour), and chromogen
in leaf. The two basic types of chromogenic substance are
P (abundant) and F (very scarce or absent). Seed colors
include solid black, brown, red brown, black mottled brown,
black patched, green, and yellow. The variety names are:
“Kurodaidzu-ko, Goishi (incl. with flower purple), Nedzumimeta, Akazuka, Cha, Haiiro, Beni-iro-daidzu, Akanedzumi,
Madara, Juseita, Kura-kake, Achumuri, Tanishi, Tora-mame,
Goku-ao, Aobishi, Uma-daidzu [daizu], Goyo, Ao, Toyonaga, Dateao, Yoshioka, Shakujo, Shiro sota, Omejiro,
Yuki-no-shita, Chogetsu, Kimusume, Sennari, Kariya-takiya,
Shiro-nedzumi [nezumi], fukui-shiro, shonai-wase, shirohachikoku, abura mame.”
Note 1. This is the earliest document seen (July 2012)
concerning anthocyanin (or anthocyanins) in soybeans or in
black soybeans (soybeans with a black seed coat).
Note 2. Anthocyanins (also anthocyans; from Greek:
anthos = flower + kyanos = blue) are water-soluble vacuolar
pigments that may appear red, purple, or blue depending on
the pH. They belong to a parent class of molecules called
flavonoids synthesized via the phenylpropanoid pathway;
they are odorless and nearly flavorless, contributing to taste
as a moderately astringent sensation. Anthocyanins occur in
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all tissues of higher plants, including leaves, stems, roots,
flowers, and fruits. Anthoxanthins are their clear, white to
yellow counterparts occurring in plants. Anthocyanins are
derivatives of anthocyanidins, which include pendant sugars.
(Source: Wikipedia, at anthocyanin, July 2012).
Note 3. A vacuole is a membrane-bound organelle which
is present in all plant and fungal cells and some protist,
animal and bacterial cells. Vacuoles are essentially enclosed
compartments which are filled with water containing
inorganic and organic molecules including enzymes in
solution,... (Source: Wikipedia, at vacuole, July 2012).
Address: Imperial Agric. Exp. Station, Japan.
395. Allison, R.V. 1921. The relation of aeration to the
development of the soybean plant in artificial culture. New
Jersey Agricultural Experiment Station, Annual Report
1921:338-45. [8 ref]*
Address: Dep. of Plant Physiology, New Jersey Agric. Exp.
Station.
396. Kameoka, Seiji. 1921. Manshû daizu no kenkyû
[A study of the soybeans of Manchuria]. Dairen: South
Manchuria Railroad KK, Futô Office (Minami Manshû
Tetsudô Kabushiki Kaisha Futô Jimusho). [2] + 160 p. Illust.
23 cm. [Jap]*
• Summary: This may be the same as the Oct. 1920 book
with the same author and title, and of almost the same length.
Address: Manchuria.
397. Neller, J.R. 1922. The influence of growing plants upon
oxidation processes in the soil. Soil Science 13(3):139-59.
March. [66 ref]
• Summary: Neller found in all his experiments with
soybeans, field peas, and buckwheat that these plants had
a beneficial influence upon the oxidation activities in the
substrata in which the plants were growing and suggested a
symbiotic relationship between the soil oxidizing organisms
and the roots of these growing plants. Address: New Jersey
Agric. Exp. Stations.
398. Tarr, L.W.; Noble, S.C. 1922. The effect of hydrogen
ion concentration upon the growth of seedlings. Delaware
Agric. Exp. Station, Bulletin No. 131 (Technical No. 1). 52 p.
June. [32 ref]*
• Summary: Summary and Conclusions: “Seedlings
of wheat, soybeans and corn were grown in nutrient
solutions which were maintained at constant hydrogen ion
concentrations, extending over a range of pH3 to pH8 at
definite intervals of 1 pH.”
“Maximum growth of soybeans was attained at
approximately pH5. The harmful effects of a reaction of
pH4 on these seedlings was readily apparent. A lesser
concentration of hydrogen tons exerted no harmful effects
until a pH value of 6 was attained, at which chlorosis became

apparent as in the case with wheat.”
“Chlorosis was due to the insolubility of iron at all
hydrogen ion concentrations less than pH6. Its insolubility
made it unavailable to the plant and chlorosis resulted.”
Address: 1. Chemist; 2. Asst. Chemist.
399. Woodworth, C.M. 1922. The extent of natural crosspollination in soybeans. J. of the American Society of
Agronomy 14(7):278-83. Oct. [3 ref]
• Summary: “Introduction: The soybean is normally a selffertilized plant. The flowers are extremely small, so small,
in fact, that manipulation during artificial crossing is almost
impossible without the aid of a binocular or a hand lens.
There are ten stamens closely surrounding the pistil, and at
the time when the stigma is receptive, the anthers burst open,
covering the stigma with an abundance of pollen grains. As
pollination occurs just before the flower opens, the chances
of foreign pollen gaining entrance and effecting fertilization
are very small.
“Natural Hybrids:” Nevertheless, some natural crossing–
the production of natural hybrids–does occur. Piper & Morse
(1910) reported that in bulk seed produced in 1907 there
were some oddly colored seeds, “some of which produced
plants whose progeny showed segregation in seed color,
pubescence color, and flower color, thus proving the original
seeds to be hybrids. They believe. however, that crossing in
soybeans is far from common, and that ‘the percentage of
hybrids that occur is very small, perhaps one individual in
two hundred.’”
Woodhouse and Taylor (1913) concluded from their
experiments in Sabour, India, that “natural crosses do not
occur on the plains of India to such an extent” as that noted
by Piper and Morse in America. Woodworth (1921) found
abundant evidence of segregation which clearly showed that
natural crossing does occur in the soybean. An experiment
was designed in 1916 to determine how often natural hybrids
are produced among unbagged soybean plants, as follows:
“Soybean flowers are either purple or white. Purple is
dominant to white, and the two colors form an allelomorphic
pair. Plants known to be homozygous for purple flowers
were grown two feet apart in the row, and between every two
of these, so that they alternated with them, white flowered
plants were interpolated. As the branches of the two types
intermingled, abundant opportunity was afforded for crossing
between them.”
Note 1. This is the earliest document seen (June 2020)
that contains the word “homozygous” in connection with
soybean breeding. Alternative forms of a given gene [a word
not mentioned in this article] are called alleles, and they can
be dominant or recessive. When an individual has two of the
same allele, whether dominant or recessive, that individual is
homozygous.
“Crossing might occur in any of four different ways:
(1) white flowers might cross with white, or (2) purple with
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purple on the same or on different plants; or (3) pollen from
white flowers might fertilize purple; and lastly, (4) pollen
from purple might fertilize white. Only the last named type
of cross was made use of in this experiment since it is the
only one in which the crossing can be readily determined in
the plants of the succeeding generation.”
Altogether “205 plants were grown and not one showed
evidence of hybridity.” A second experiment was designed
based on the fact that green cotyledon is recessive to yellow.
“Altogether, 7,480 pods were produced by the 155 plants
harvested. Three of these pods contained hybrid seeds, or .04
of 1 percent... Since this, however, is only one out of four
ways in which crossing may occur, the actual proportion
would be approximately one hybrid in 625 pods produced,
or .16 of 1 percent. This figure is considerably lower than
the estimate [of 0.5 of 1 percent] given by Piper and Morse
(1910).”
“Practical significance:... If, for example, natural
crossing occurs so seldom that bagging all plants is rendered
unnecessary, then that fact is worth knowing. It is important
that strains made pure by years of selection be kept pure. As
soon as crossing occurs, deterioration in yield is a common
result. Uniformity of product is also sacrificed, and market
standards cannot be met, and the result is discrimination and
reduced prices.”
“Summary: 1. Natural hybrids are shown to occur in the
soybean...
“3. The percentage of cross-pollination may presumably
differ according to the variety, the locality, and the season.
“4. Hybrids may also arise by mutation.
“5. It is important to the experimental plant breeder and
to the farmer to know how much natural crossing may be
expected under given conditions.”
Note 2. The following words, related to plant breeding
and genetics, also appear in this paper: selfed, gamete, germcells, and heterozygous. The word “gene” (or “genes”) does
not appear. Address: Asst. Chief in Plant Breeding, Illinois
Agric. Exp. Station.
400. Heinze, B. 1922. Ueber den Anbau der chinesischen
Oelbohne (Soja hispida) in unserem eigenen Lande und
deren Bedeutung fuer unsere Land- und Volkswirtschaft
und fuer die Volksgesundheit [On the culture of “Chinese
oilbeans” (soybeans, Soja hispida) in our own country, and
their significance for our agriculture, economy, and national
health]. Chemische Umschau 29(47/48):361-63. Nov. 30.
[Ger]
• Summary: Lecture by Dr. B. Heinze of Halle (Halle an der
Saale) in Dept. 6: Agricultural Chemistry and Agricultural
Experimentation [of the Meeting of the Society of Germany
Natural Scientists and Physicians] (Abt. 6: Agrikulturchemie
und landwirtschaftliches Versuchswesen [der Versammlung
der Gesellschaft deutscher Naturforscher und Ärzte])
In the horribly difficult times that have come over

Germany once again, new sources of assistance have to be
developed everywhere for the most sufficient and healthy
nutrition possible for the people and for domestic animals,
or else there must be a search to exploit better than before
the sources that have already existed thus far. Thus it may
well be appropriate to also briefly report on the experiences
from this year’s meeting of natural scientists and physicians
that have been gathered up until now with the cultivation and
exploitation of a new and important legume here in our area.
According to our more recent experience (as well
as according to the multiple older trials especially by
Haberlandt of Vienna), the possibility of an extended
cultivation of the Chinese oil bean (Oelbohne) (Soja
hispida) in Central Europe, and specifically here with us in
Germany, exists without a doubt. And its multifaceted use
has an enormously large significance for our entire national
economy. But in any case, it is unfortunate that even today,
some obstacles still stand in the way of its more rapid spread
as a garden crop and field crop in Germany–at least its
regular cultivation at larger scales. These difficulties may,
however, be present only to soon be overcome in many areas
of the Empire.
Only once all of the classes of the people have gained a
greater understanding of the cultivation and exploitation of
that ancient crop by the modest population of East Asia will
the oil bean or soybean (Sojabohne) (as the habit still is to
call this new legume for the most part) also provide a superb
crop over time here with us in Germany. There is not the
remotest doubt, in spite of frequent failures, that specifically
with the cultivation of new crops, they can be observed over
and over again but that these failures are for the most part
based upon errors in cultivation.
With cultivation as a seed crop, the oil bean first of all
requires in any case rather a lot of heat and sunshine, equal
to that of corn. And thus right up until the most recent times,
it had been considered to in general be ruled out to also
regularly grow this plant as a crop here with us in Northern
Germany or in other harsher areas. After many years of
experience from many practical farmers and gardeners,
and according to our own experience up to this point, corn
for seeds can now also be grown in less favorable areas
of Central Germany and in many cases even in Northern
Germany. And specifically, it can also be planted here at
larger scales as a seed crop if our economic situation, which
continues to grow worse and worse, makes that desirable and
necessary.
According to the many years of experience by us and by
others who have carried out trials, various early and earlymiddle varieties of the oil bean can now be designated as
completely acclimatized even in Northern Germany. In any
case, one would do well in northern areas to first of all grow
the oil bean more on warmer soils (in a sunny location) and
less on colder soils until better, hardier varieties have been
bred. Incidentally, the oil bean can be successfully grown
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on the most varied of types of soils. Sandy loam soils and
calcareous soils appear to be good for the cultivation of
the oil bean. Some peaty soils and marshy soils are also
acceptable for it. What is important (as for all crops) is the
timely eradication of weeds and good soil aeration. Even
poor, dry, sandy soils provide genuinely good yields of seeds
and straw with abundant and correct fertilizing and good
care.
Varieties that also mature sufficiently early for practical
conditions are available. In more favorable years, we can
now harvest early and early-middle oil bean varieties in the
period from mid-August to late August and, in poor years
with a cold and wet July and August, in the period from late
August to mid-September. There are also the varieties that
have been bred for earlier maturity. They used to still mature
rather late in order to be harvested for the most part only
in the course of October. Even very late maturing varieties
can still be used advantageously for the cultivation of green
fodder.
Incidentally, according to good experts on the
Manchurian cultivation areas (which are among the most
important Chinese oil bean areas), in many cases the climatic
conditions in them are in no way more favorable than those
with us in Central and Northern Germany. That has to be
emphasized over and over again if from time to time, the
importance of a warm climate for regular cultivation is
emphasized all too much and if the cultivation of the oil bean
as a seed crop in large agricultural operations is declared
to be ruled out for us. According to our experience thus
far, seeds for sowing on sandy soils seem to be especially
good for the cultivation of the oil bean as a seed crop.
Acclimatized seeds for sowing that are obtained from
harsh areas, and specifically from wet coastal areas, are
advantageously subjected to artificial drying or, better yet,
the seeds for sowing are used only when two years old, just
as with the fact that according to some observations from
gardeners, specifically with oleaginous crops, the older, twoyear seeds are in general better as seeds for sowing than fresh
seeds. The oil bean can already be planted on many soils as
early as March, and on colder soils through the course of
April, since it is not very sensitive to frost and withstands
cold well all the way to 8ºC [sic, -8ºC?] (and, according to
other observations, even all the way to 10ºC [sic, -10 C?]).
It also withstands dryness well and even drought that lasts
for months. And it tolerates itself very well, that is, it can be
planted in succession after another crop of itself very many
times without misgivings.
“For a healthy development, the abundant formation of
root nodules, among other things, is important and necessary
if the desire is to not have to fertilize with nitrogen too
greatly. Potassium and phosphoric acid are also important.
Since the oil bean is the legume that is the richest in
fat and protein, it has to be fertilized as abundantly and
correctly as possible if the yields are to be satisfactory

or good. Unfortunately, that is overlooked for the most
part. Where calcium is lacking, lime also has to be added.
Especially important for its cultivation is also an inoculation
during the first years with an artificial inoculant (“Zotogen”
or “Nitragin”), with natural “inoculation soils”, or else the
repeated cultivation on precisely the same plots of the field
for the purpose of the gradual, abundant formation of root
nodules and the collecting of nitrogen. With cultivation for
seeds, planting too dense of a stand is to be strictly avoided.
The oil bean can suffer great damage from rabbits and
hares, from which every now and then the field plantings
(particularly those which are still of a smaller extent) are
completely chewed away. Mice and hamsters greedily go
after the ripe seeds, but also the green pods. According to
our observations, other small animal pests have thus far
done little damage. With regard to other plant parasites, and
in particular fungal parasites, the oil bean still seems to be
immune for the time being. If the desire is to avoid more
extensive damage from hares, then in areas or plots of fields
that are rich in hares, the varieties of oil beans are planted
that are the most vigorously growing and tall-stemmed
possible, and specifically the largest possible area of at least
3 to 4 acres. In areas such as those, it is also possible to
set up large areas with a tighter stand for green fodder use
and then to slip in smaller areas with a more spacious stand
for the purpose of growing seeds within the green fodder
site (Grünfutterschlage). Some protection also seems to be
offered to the cultivation of oil beans as a seed crop by large
plantings of broad beans or grain. In contrast to peas and
lupines, most of the varieties of oil beans only rarely burst
open [shatter] (Continued). Address: Halle (Saale), Germany.
401. Nightingale, G.T. 1922. Light in relation to the growth
and chemical composition of some horticultural plants.
American Society of Horticultural Science, Proceedings
19:18-29. *
• Summary: Experiments with salvia, buckwheat, soybeans
and radish concluded that the carbohydrate / insoluble
nitrogen ratio is the effective one in relation to vegetative
growth and reproduction in these plants.
Note: Salvia is the largest genus of plants in the mint
family. Its name refers to its healing properties.
402. Bryan, Ollie Clifton. 1922. The effects of acidity and
alkalinity on legumes. PhD thesis, University of Wisconsin–
Madison. 23 + 3 + [12] + 13 + [3] leaves. 29 cm. In: Library
of Congress. Catalog Div. A List of American Doctoral
Dissertations Printed in 1912-1932. 1925. *
• Summary: Part I. The effect of growth and nodule
formation on soybeans. Part II. The effect of growth and
nodule formation on alfalfa, alsike clover, and red clover.
Note: Part I reprinted in Soil Science 13(4):271-302
(April 1922). Ollie Clifton Bryan was born in 1894. Address:
Univ. of Wisconsin.
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403. Garner, W.W.; Allard, H.A. 1922. Effect of the relative
length of day and night on the flowering and fruiting of
plants. Smithsonian Institution, Annual Report p. 569-88 +
17 plates at end. For the year 1920.
• Summary: This is a less technical account of the landmark
study than that in the Journal of Agricultural Research
28:555-606 (1920).
“Relation between early-maturing and late-maturing
varieties of soy bean: To secure varieties of various useful
plants adapted to the various regions of the country and to
secure different varieties of many of these plants adapted
to the different seasons of the year in any given region
are among the chief problems of the plant breeder and
the plant introducer. Hence it is important to arrive at a
correct understanding of the relation between early and
late maturing varieties in so far as difference in behavior is
directly attributable to response to external conditions. The
soy bean is admirably adapted to throw light on this subject.
It has already been pointed out that of different varieties of
this plant which, when planted in the spring, require all the
way from a month up to more than 100 days to reach the
flowering stage, all can be made to blossom within three or
four weeks by properly shortening the length of the day. It
is at once seen that if this behavior holds true under natural
conditions in the field it throws a great deal of light on
the underlying cause of difference in varieties as to their
adaptation to different latitudes.
“To test this point a series of plantings at approximately
three-day intervals throughout the spring and summer were
made of the Mandarin, Peking, Tokyo, and Biloxi varieties
of soy bean, and careful watch for the first appearance of
blossoms on each planting was maintained. It is obvious
that as the summer advances the successive plantings will
be exposed to shorter day-lengths and the time elapsing
between germination and the arrival of a length of day of,
say, 12 hours, will become progressively less. The fact
that the duration of the vegetative period which precedes
flowering is progressively shortened as the season advances
has already been sufficiently emphasized in the case of the
very late variety, Biloxi, but consideration of the comparative
behavior of early and late varieties under different lengths of
day leads to such important conclusions as to justify further
discussion. The remarkable differences in the response
of the Mandarin, Peking, Tokyo, and Biloxi varieties to
external factors connected with advance of the season are
graphically shown in figure 2. The outstanding feature is
that the curves showing the number of days required by
the different varieties to reach the flowering stage show a
striking tendency to converge as the plantings are made later
and later through the season. The time required by the Biloxi
to reach the flowering stage is shortened most by advance of
the season while the Mandarin is affected least.”
Page 588: “The term photoperiodism has been adopted

to designate to designate the response of the organism to the
relative length of day and night.”
Photos show: (1) Triangular type of shade with
cheesecloth covering over a row of soybeans, used in the
1916 test. (2) Soy bean, shaded with mesh netting. (3)
Different mesh sizes of shade cloth, natural size. (4) Small
dark chamber used in the 1918 experiments. (5) Larger dark
house used in 1919 tests, with soybeans outside. Address:
Physiologists, USDA.
404. Hunnicutt, Benjamin Harris. 1922. A cultura do feijao
soja [The cultivation of soybeans]. Rio de Janeiro, Brazil:
Typ. Revista dos Tribunaes. 21 p. [Por]
• Summary: This is an expanded edition of his 1920 booklet
by a similar title. Contents: Introduction. Agricultural history.
Botany. Botanical description. Soil. Climate. Desirable
characteristics. Varieties (tested in Brazil, and grown in
the USA). Preparation of the soil. Planting (the seeds).
Inoculation. Period of growth and days to maturity. Time
of cutting for hay. Fertilizer / manure. Companion crops /
intercropping. Crop rotation. Production of seeds. Use of
the soybean as a forage crop. Feeding soybeans to pigs.
Diseases. Varietal improvement. Comparison of the soybean
with the cowpea.
Photos show: (1) A close-up of a man in a field of
soybeans. (2) A soybean plant next to a ruler for size
comparison. (3) A field of soybeans. Address: Prof., Director
of the Agricultural School of Lavras (da Escola Agricola de
Lavras), [Brazil].
405. Kakizaki, Yôichi. 1922. Niigata-ken ni okeru daizu no
hinshu [Soybean varieties in Niigata prefecture]. Niigataken Noji Shiken-jo, Tokubetsu Hokoku (Niigata prefecture
(Japan) Agricultural Experiment Station, Special Report)
No. 14. p. 1-50. [Jap]*
• Summary: The author emphasized that vining and twining
characteristics appear to be an important criterion for
botanical taxonomy of soybeans.
Note: Also cited as “Niigata Agric. Exp. Station,
Bulletin 14.” Address: Niigata prefecture, Japan.
406. Piper, Charles V.; Morse, William J. 1923. The soybean.
New York, NY: McGraw-Hill Book Company, Inc. xv + 329
p. Feb. Illust. Index. 24 cm. Reprinted unrevised in 1943 by
Peter Smith Publishers, New York. [563 ref]
• Summary: This classic is the first comprehensive book
about the soybean written in English, and the most important
book on soybeans and soyfoods written in its time. Contains
an excellent review of the world literature on soybeans and
soyfoods with a 22-page bibliography on soy that is larger
than any published prior to that time (563 references), a good
description of the present status of the soybean worldwide
based on the authors’ extensive contacts, and a great deal
of original information. It quickly became a key source
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for people and organizations working with soybeans and
soyfoods in all countries, and a major factor in the expansion
of the soybean in the western world. Because of its scope
and influence, Soyfoods Center considers the year of its
publication to mark the end of the “Early Years” of the
soybean worldwide. It remained in print until about 1986.
Facing the title page is a list of “McGraw-Hill
Agricultural and Biological Publications. Dr. Charles V.
Piper, Consulting Editor.” The authors and titles of twelve
books already published in this series are listed.
Contents: Preface. 1. Introduction: Name of the plant,
origin, literature, use by the Chinese and Japanese, present
importance, future prospects in the U.S., recognition
of the possibilities. 2. The commercial status of the
soybean: Manchuria and China, Japan, Europe, U.S., other
countries, summary of imports and exports of soybeans and
soybean oil. 3. Botanical history of the soybean: History
prior to Linnaeus’ “Species Plantarum” 1753, Linnaeus’
misunderstandings of the soybean, Prain’s elucidation, other

and the correct botanical name.
4. Agricultural history of the soybean: Vernacular
names of the soybean, China, Korea, and Japan, India and
neighboring regions, Cochin China, Malayan region, early
introduction into the United States, later U.S. introductions,
the early introduced varieties (grown in the USA by
1898–Ito San, Mammoth, Buckshot, Guelph or Medium
Green, Butterball, Kingston, Samarow, Eda, Ogemaw or
Ogema), soybean in Europe, varieties grown in Europe
and identification, Hawaiian Islands, Australia, Africa,
Argentina (p. 50), Canada (“Soybeans are grown in very
small quantities in Canada and then usually as a forage
crop”), Philippines, Egypt, Cuba (p. 52), British Guiana,
Mauritius (p. 53), present culture distribution. 5. Culture of
the soybean: Climatic adaptations, soil preferences, water
requirement, preparation of seed bed, time of planting,
methods and rate of seeding, seeding for pasturage, depth
of seeding, inoculation, fertilizer reactions, cultivation,
soybeans in mixtures (with cowpeas, sorghums, Sudan grass,
Johnson grass, millet, corn, or sunflowers and corn).
6. Harvesting and storage of soybeans: harvesting
soybeans for hay, silage, for the seed, seed yields, proportion
of straw to seed, storing seed, separation of cracked from
whole soybean seed, viability of soybean seed, pedigreed,
inspected, registered, and certified seed. 7. Composition
of the soybean: Proportions of stems, leaves and pods,
composition of plant and seed, nutritive and mineral
constituents, forms of nitrogen in soybean nodules, factors
affecting oil content of seed. 8. Utilization of the soybean:
Diversity of uses (a chart, p. 129, shows 59 products that can
be made from soybean seeds, and 6 more that can be made
from soybean plants), soybeans for green manure, pasturage,
soiling, ensilage, hay, straw.
9. Varieties: Japanese classification of varieties,
classification of varieties in Manchuria (3 yellow, 2 green,
3 black), botanical classifications, vital characteristics,
descriptions of important varieties (43 varieties and
7 synonyms), key for identification, breeding and
improvement, genetic behavior, oil content.
10. Structure of soybean seeds. 11. Soybean oil:
Methods of extraction [Manchurian, and solvent], American
oil mills, methods of shipping and marketing, prices,
utilization in soap manufacture, food, paint manufacture,
miscellaneous. 12. Soybean cake or meal: Feeding value,
composition, use for feeding for dairy cows, cattle, swine,
sheep, poultry, digestibility, injurious effects, fertilizer.
13. Soybean products for human food: Food value of the
soybean, digestibility of the soybean and its products, mature
or dry soybeans, immature or green soybeans (a “nutritious
green vegetable”), soybean flour, digestibility of soybean
flour, soybean bran (p. 225-26), soybean sprouts, soybean
coffee, soybean or vegetable milk [soymilk] (preparation,
composition, residue from the manufacture of vegetable
milk [okara], utilization of soybean milk, condensed

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 231
vegetable milk, vegetable milk powder, fermented vegetable
milk), vegetable casein, tofu or soybean curd (names and
brief history, method of manufacture, coagulating agents,
manufacturing yields, digestibility, utilization of bean curd
and manufactured products, bean curd brains or tofu nao, dry
bean curd or tofu khan, thousand folds {chien chang tofu},
fried bean curd {tza tofu}, Fragrant dry bean curd {hsiang
khan}, frozen tofu {kori tofu}, Chinese preparation, various
dishes), natto, hamananatto [hamanatto], yuba, miso, shoyu
[soy sauce], confections. 14. Table dishes of soybeans and
soybean products: mature or dry beans, flour, tofu, sprouts
(86 recipes). 15. Enemies of the soybean: bacterial, mosaic,
fungous [fungus], and nematode diseases, insects, rodents.
This last chapter is a comprehensive review of the literature
on soybean diseases and insects published before 1922.
The Preface begins: “The soybean, also known as soya
or soja bean, has assumed great importance in recent years
and offers far-reaching possibilities of the future, particularly
in the United States. It is, therefore, desirable to bring
together in a single volume the accumulated information
concerning this crop...
“The aim has been to present the information so as
to make it useful from both agricultural and commercial
standpoints, not omitting, however, much that is mainly of
historical or botanical interest...”
The introduction begins: “There is a wide and growing
belief that the soybean is destined to become one of the
leading farm crops in the United States.”
Note 1. C.V. Piper lived 1867-1926. Note 2. This is the
earliest English-language document seen (July 2003) that
uses the term “soybean bran” to refer to soy bran.
Note 3. This is the earliest document seen (July 2003)
in which Piper or Morse describe natto, Hamananatto
[Hamanatto], yuba, or miso.
Note 4. This book was published by March 1923 (See
Ohio Farmer, 10 March 1923, p. 313).
Note: The word “Russia” appears on 3 pages of this
book in connection with soybeans: p. 18 (in 1912, 1913,
and 1914 Russia imported soybeans, soybean cake, and
soybean oil), p. 54 (cultivated in “southern Russia {Podolia,
Samarow}”), p. 227 (“In Japan and southern Russia soybean
coffee is prepared and put up in small packages for the
market”).
Note 1. The terms “Soviet Union” or “USSR” do not
appear in this book–even though the Soviet Union was
established in Dec. 1922.
Note 2. Podolia is in today’s Ukraine. Address: 1.
Agrostologist; 2. Agronomist. Both: United States Dep. of
Agriculture, Washington, DC.
407. Read, Bernard E. comp. 1923. Botanical, chemical, and
pharmacological reference list to Chinese materia medica.
Peking, China: Printed by the Bureau of Engraving and
Printing. v + 38 p. Feb. 28 cm.

• Summary: Contents: Chemical and pharmaceutical
references (45 entries; p. i-ii). Botanical literature (17 entries;
p. iii). Bibliography of materia medica and medical botany
other than cited in this reference list (47 entries; p. iv-v).
Note: For these first three parts, column 1 is the abbreviation;
column 2 is the full title.
The rest of this book consists one long table (p.
1-38) composed of four columns. (1) Chinese names
(The name of each materia medica substance written in
Chinese characters). (2) Romanized Wade (The WadeGiles romanization of the Chinese name; the table is sorted
alphabetically by this column). (3) Botanical references
(such as the scientific name of a plant, or terms like “soy
oil,” “rice congee,” or “rice gruel”). (4) Chemical & pharm.
references (Abbreviations of references to documents
containing information about this plant or other substance).
Chiang Yu–Soy oil appears on p. 3. References: (1)
USDA Office of Experiment Stations, Bulletin No. 68, p.
36 (1899). (2) Stuart, G.A. 1911. Chinese materia medica,
Shanghai. (3) J. of the College of Agriculture, Tokyo
Imperial University 1:97 (16 June 1909). (4) J. of the College
of Agriculture, Tokyo Imperial University 1:89 (16 June
1909).
Huang Ta Tou–Glycine hispida [The yellow soybean]
appears on p. 11. References: (1) Matsumura, J. Shokubutsumei-i, Tokyo, 1915. (2) China Medical Journal 35:247
(1921). (3) Martindale and Wescott, Extra Pharmacopoeia,
London, 1921, p. 824, 1913. (4) Pharmaceutical Journal
(London), II, p. 120, 1913. (5) Loureiro, J. Flora cochinensis,
1790, vol. II, 1844, 1912. (6) Pharmaceutical Journal
(London), II, p. 154 (1912). (7) USDA Office of Experiment
Stations, Bulletin No. 68, p. 33 (1899). (8) Wehmer, C. Die
Pflanzenstoffe, Jena, 1911, p. 362.
Pai Tou–Soja hispida [The white soybean] appears on
p. 11. References: (1) Stuart, G.A. 1911. Chinese materia
medica, Shanghai. (2) Wehmer, C. Die Pflanzenstoffe, Jena,
1911, p. 362. (3) American J. of Physiology 19:468 (1907).
(4) J. of the American Chemical Society 20:419 (1898).
Ta Tou–Glycine hispida M. [The soybean] appears on
p. 11. (3) Bretschneider, E. Botanicon sinicum, 1881, 1892,
1895. (4) Giles, H.A. A Chinese-English dictionary, 1892
Ta Tou Ch’in–Bean relish appears on p. 30. No
references.
Ta Tou Huang Chüan–Bean sprouts appears on p. 30–
References: (1) Stuart, G.A. 1911. Chinese materia medica,
Shanghai. (2) USDA Bureau of Plant Industry, Bulletin No.
107 (?), p. 28. (3) China Medical Journal 35:247 (1921).
Note 1. The references in this book are very cryptic and
hard to understand, even after careful analysis. The book also
contains quite a few typographical errors, inconsistencies,
and mistakes.
Note 2. Other interesting substances mentioned in this
book are: Mung beans (p. 4; Phaseolus mungo). Laminaria
and Sargassum (p. 7, 15; types of sea vegetables, like
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kombu). Amarantus (p. 9). Sesame seeds (p. 10; Sesamum
indicum). Fermented nonglutinous rice (p. 12). Job’s tears
(p. 12; Coix lachryma). Kudzu (p. 13; Pueraria hirsuta).
Daikon (Raphanus sativus). Umeboshi plum (p. 19; Prunus
mume). Address: Dep. of Pharmacology and Physiological
Chemistry, Peking Union Medical College.
408. Garner, W.W.; Allard, H.A. 1923. Further studies in
photoperiodism, the response of the plant to relative length
of day and night. J. of Agricultural Research 23(11):871-920.
March. [23 ref]
• Summary: “In an earlier paper (1920) considerable data
were presented tending to show that the length of day
exercises a remarkable regulatory action in initiating or
inhibiting sexual reproduction in plants. In a number of
species studied it was found that ordinarily the plant can
attain the flowering and fruiting stages only when the length
of day falls within certain limits, so that in such cases
flowering and fruiting occur only at certain seasons of the
year. In this respect some species and varieties respond to
relatively long days while others respond to short days.
Moreover, some plants are much more sensitive to change in
length of day than are others.”
Results reported in this article confirm the results of
earlier investigations.
Page 882: “It has been found, also, that the size of the
individual seed is influenced by the relation of the prevailing
light period to the respective optimal period for vegetative
and reproductive development. The data presented in Table
III throw light on this question. It is seen that in the early
variety of soybeans, Mandarin, which fruits readily in the
longest days of summer, shortening the light period to 12
hours or less reduced the size of the seed and restoring the
plant to the full summer daylight period after flowering had
occurred tended to offset the unfavorable influence of the
previous exposure to 5 hours of light daily. With the later
varieties, requiring shorter days for flowering, the results are
quite different. For these a 12-hour exposure gives decidedly
larger seeds than the full day length of summer and for the
Tokyo and Biloxi a 7-hour day gives fully as large seed as a
12-hour day. A 5-hour light period till flowering, followed by
exposure to the full day length, reduced the size of the seed
markedly in all except the early variety. A midday period
of darkness acted unfavorably. All these data harmonize
with previous results on the action of regulated day lengths
in initiating or inhibiting flowering and fruiting in these
varieties of soybeans.”
Page 884: “A similar experiment was undertaken
with Biloxi soybeans. The seed, sown in 12-quart buckets,
germinated July 2, and at the outset all seedlings were
exposed to a 10-hour day. Beginning July 6 one lot of
seedlings was transferred each succeeding day to permanent
outdoor conditions, the last lot being transferred July 25. The
results are shown in Table IV. The response to the change

in the light period is similar to that of Cosmos. Here, again,
10 days’ exposure to short-day conditions was the minimum
for inducing flower formation. All plants thus responding
also flowered again at the normal time for the variety in
early fall as a result of the natural shortening of the day. It
will be observed that although flowering was successfully
accomplished where the soybeans were exposed to the 10hour day for 10 to 20 days no fruits were developed, a fact
which is regarded as important. Although the blossoms
appeared to be normal it seems that under the influence of the
long-day exposure even the stimulus of fertilization was not
sufficient to permit development of the seed. Beginning with
an exposure to the 10-hour daily light period for 11 days the
fruits in increasing numbers were successfully developed.”
Page 905: “The results of tests with five varieties of
soybeans will illustrate the fact that exposure to a definite
light period results in rapid senescence and death in annuals.
The varieties known as Mandarin, Peking, Tokyo, Biloxi,
and Otootan were planted May 31 to June 1 in boxes and
germinated June 4 to 6. They were exposed to day lengths
of 10, 11, 12, 13 hours, and to the natural length of day of
summer. For comparison, a lot of each variety also was
given 10 hours of light daily of low intensity by means of a
shade of cheesecloth. The principal results of the tests are
presented in Table VI. On September 8 the seed pods of all
varieties were fully matured and dry under all reduced day
lengths, but only those of the Mandarin variety had matured
under the natural length of day. Under the shorter light
period all varieties flower at practically the same time; but
as the light duration is increased the dates of flowering draw
apart, and under the full summer day length the differences
in time of flowering become very great. As to the advance of
senescence following the flowering and fruiting stages two
facts are brought out in the table. It is evident that the rate at
which Senescence advances in a given variety depends on
the duration of the light period and, also, it is evident that the
optimal light period for advance of senescence differs with
the variety. For the earlier varieties, Mandarin and Peking,
it appears that the optimal period is approximately 13 hours,
while for the very late varieties, Biloxi and Otootan, the
optimal is 11 to 12 hours. The Tokyo seems to be better able
to resist the advance of senescence than the other varieties.
The Peking is particularly responsive to a definite light
exposure in this respect and under the 13-hour day began
shedding its leaves early in August.”
Table 3 (p. 882): “Effect of length of daily light period
on the size of seed in different varieties of soybeans.” The
average weight of 500 seeds was measured for the soybean
varieties Mandarin Peking, Tokyo, and Biloxi.
Table 4 (p. 884): “Effect of transferring Biloxi soybeans
at intervals of one day from a 10-hour light exposure to the
full daylight period of summer.”
Table 8 (p. 906): “Behavior of different varieties of
soybeans planted May 31 to June 1 and grown under daily
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light exposures of different lengths.” Address: 1. Physiologist
in Charge; 2. Physiologist. Both: Tobacco and Plant Nutrition
Investigations, Bureau of Plant Industry, USDA.
409. Piper, Charles V.; Morse, William J. 1923. Soybean
varieties (Document part). In: Piper and Morse. 1923. The
Soybean. New York: McGraw-Hill. xv + 329 p. See p. 14486. Chap. IX.
• Summary: Contents: Introduction. Japanese classification
of varieties. Classifications of varieties in Manchuria:
Yellow (Pai-mei or white eyebrow, Chin-huän or round
golden bean, and Hei-chi or black navel), green (Ching
tou), black (Wu tou). Botanical classifications: Soja elliptica
Martens (S. elliptica nigra, S. elliptica castanea [brown], S.
elliptica virescens, S. elliptica lutescens), Soja sphærica (S.
sphærica nigra, S. sphærica minor, S. sphærica virescens,
S. sphærica lutescens, S. sphærica minima), Soja compressa
(s. compressa nigra, S. compressa parvula, S. compressa
virescens, S. compressa zebrina). Varietal characteristics:
Habit of growth, foliage, pubescence, flowers, pods, size and
weight of seeds, color of seeds, frost resistance, period to
maturity, disease resistance, classifications by lengths of life
period, desirable characteristics in varieties, descriptions of
important varieties, key for identification of varieties (Yellow
group, green group, brown group, black group, bicolored
group), breeding and improvement (pollination, mutations,
natural hybridization, artificial hybridization), genetic
behavior (flower color, pubescence, color of pods, color of
seeds, color of cotyledons, oil content).
The section titled “Classification by lengths of life
period” [maturity] states: “Based on the data from variety
tests at the Arlington Experimental Farm, the varieties may
be classified into seven groups according to their life periods:
“Very early–Maturing in 81 to 90 days.
“Early–Maturing in 91 to 100 days.
“Medium early–Maturing in 101 to 110 days.
“Medium–Maturing in 111 to 120 days.
“Medium late–Maturing in 121 to 130 days.
“Late–Maturing in 131 to 150 days.
“Very late–Maturing in more than 150 days.”
Note 1. This is the earliest document seen (Aug. 2011) in
which soybean varieties are classified into groups based on
their maturity (number of days to mature) or “life periods.”
The following 43 varieties (not including synonyms)
are described in the section titled “Descriptions of important
varieties” (p. 162-70): A.K., Aksarben, Barchet, Biloxi,
Black Eyebrow, Chestnut, Chiquita, Columbia, Early Brown,
Easycook, Ebony (same as Black Beauty), Elton, Guelph
(same as Medium Early Green, Medium Green), Hoosier,
Haberlandt, Hamilton, Habaro, Hahto, Hollybrook, Ito
San (same as Medium Early Yellow), Laredo, Lexington,
Mammoth Yellow, Mammoth Brown, Manchu, Mandarin,
Merko, Minsoy, Midwest (same as Medium Yellow and
Mongol; appears identical with Roosevelt, Banner, and

Northern Hollybrook), Mikado, Morse, Ogemaw, Otootan,
Peking (same as Sable), Pinpu, Tarheel Black, Tokio,
Virginia, Wilson, Wilson-Five, Wisconsin Black, Wea,
Yokotenn [Yokoten].
Note 2. This is the earliest document seen (Nov. 2020)
that mentions the soybean variety Hamilton (one of two
documents).
410. Miller, Edwin C.; Saunders, A.R. 1923. Some
observations on the temperature of the leaves of crop plants.
J. of Agricultural Research 26(1):15-43. Oct. 6. [15 ref]
• Summary: Concerning the temperature of normal turgid
leaves: Miller and Saunders made approximately 20,000
observations of the temperature of the upper surface of the
leaves of corn, sorghum, cowpeas, soybeans, watermelon,
pumpkin, and alfalfa growing under field conditions
in Kansas. The average of 1,000 determinations of the
temperature of the air and of the upper surface of the turgid
leaves of corn in direct sunlight between the hours of 9 A.M.
and 4 P.M. and under a wide range of atmospheric conditions
was 30.58ºC. for the air and 30.64ºC. for the leaves. The
average of the same number of determinations made with
the leaves of five varieties of sorghums under conditions of
exposure similar to those of the corn leaves showed that the
temperature of the leaves was 30.64ºC., while the average
of an equal number of determinations of the air temperature
during the same period was 30.66ºC. Five hundred
observations on soybeans gave an average temperature
of the air of 33.13ºC. and an average of 33.66ºC. for the
temperature of the upper surface of the leaves. A similar
number of determinations on the leaves of cowpeas showed
an average temperature of 34.4ºC., while the temperature
of the air averaged 34.2ºC. during the observations. These
observations show that the temperature of the turgid leaves
of corn, sorghum, pumpkin, watermelon, and soybean in
direct sunlight under the general climatic conditions which
prevail in Kansas fluctuates slightly above and below air
temperatures but that their average temperature is essentially
the same as that of the surrounding air. The temperature of
the leaves of alfalfa under the same conditions as the plants
above mentioned consistently showed less than 1ºC. below
that of the surrounding air. In the case of corn, sorghum,
watermelon, pumpkin, soybean, and cowpeas, the heat
absorbed by the leaves from the sun is quickly utilized in
transpiration or rapidly disseminated into the surrounding air,
so that the temperature of the leaves is always approximately
that of the air.
A large table (p. 478 in Miller 1938) shows “The
temperature changes of the air and of the turgid leaves of
soybean plants in direct sunshine and in diffuse light caused
by a heavy cloud obscuring the sun.” The time is given every
minute from 1:10 to 1:19 for directs sunlight and from 1:19
to 1:26 as a cloud passes in front of the sun.
The transpiration temperature experiments of Miller and
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Saunders were conducted with turgid and wilted plants of
three varieties of corn, three varieties of sorghums, and one
each of cow-peas and soybeans. The plants designated as
turgid were those which showed no visible signs of wilting
during the experiments. The soil in the containers in which
the plants were growing was kept at a moisture content
sufficient for good tilth by the frequent addition of water to
replace that lost from the plants.
The data obtained from several thousand observations
on corn, sorghum, soybeans, and cowpeas showed that the
temperature of a wilted leaf in direct sunlight is always
higher than the temperature of a turgid leaf exposed to the
same conditions. The average temperature of the wilted
leaves of corn, sorghum, soybeans, and cowpeas during the
hours of 9 A.M. to 4 P.M. was respectively 1.85, 1.55, 2.8,
and 4.6ºC. higher than that of the turgid leaves. Address:
1. Plant Physiologist, Dep. of Botany, Kansas Agric. Exp.
Station.
411. Ragsdale, A.C.; Turner, C.W. 1923. The minimum milk
requirements for calf raising. J. of Agricultural Research
26(9):437-46. Dec. 1. [4 ref]
• Summary: This article begins: “The problem of raising
dairy calves on farms where the whole milk is sold
to be utilized in the manufacture of dairy products or
for consumption in the cities is one of ever-increasing
importance. On these farms skim milk is not generally
available and whole milk is so valuable that dairy men
quite generally question the profitableness of raising dairy
calves under such conditions. Under these circumstances
a substitute for milk in raising calves would be a boon to
dairymen, since it would greatly simplify the problem and
undoubtedly be the means of saving many well-bred calves.
A decreased cost of calf raising would also result from the
sale of more of the milk now fed to calves.” Page 438: “Part
of the time cut alfalfa hay was fed, but the calves seemed to
prefer the uncut hay. Due to the coarse stems of some of the
soybean hay, it was found desirable not to cut the latter, so
that the calves could select the choicer portions of the plant...
In selecting the grain mixtures the chief point considered was
to adopt one simple enough to be practical on the average
farm and yet one which would contain all the essential
factors in a balanced ration. The nutritive ratio of milk was
taken as a guide. Lot I was fed a grain mixture composed
of ground corn 40 parts, wheat bran 10 parts, and linseed
meal 10 parts by weight. The roughage fed was soybean
hay.” Address: 1. Chairman, Dep. of Dairy Husbandry; 2.
Instructor in Dairy Husbandry. Both: Missouri Agric. Exp.
Station.
412. Allison, R.V.; Shive, J.W. 1923. Studies on the relation
of aeration and continuous renewal of nutrient solution to
the growth of soybeans in artificial culture. American J. of
Botany 10(10):554-66. Dec. [8 ref]

• Summary: “Aeration of solution or sand cultures with
continuous solution renewal produced a marked increase in
the growth of both tops and roots of soybeans... The average
total yields obtained from the sand cultures were throughout
uniformly much higher than were those obtained from the
solution cultures.” Address: Dep. of Plant Physiology, New
Jersey Agric. Exp. Station.
413. Choux, P. 1923. Revue générale de botanique, tropical
and subtropical (1910-1919 (suite)) [Review of botanical
works, tropical and subtropical (1910-1919) (conclusion)].
Revue Generale de Botanique 35:141-43. [24 ref. Fre]
• Summary: This is a brief and very limited review of the
literature with 24 references–several of which contain errors.
It begins:
In France, in effect, the attention seems to have been
attracted by the medical uses of the soybean and by soyfood
products (les produits alimentaires à base de Soja): soymilk,
soy cheese (fromage de soja), soy casein, flour and bread,
manufactured at the factory of Caséo-Sojaïne [the soy casein
factory = tofu factory] installed at Vallés (Seine).
Everyone knows that in China the soybean plays a
very important role in the diet of several million people and
forms the basis of an entire series of food products that have
been brought to our attention by Messrs. Li Yu Ying and
Grandvoinnet.
414. Nagai, Isaburo; Saito, Shuichi. 1923. Linked factors in
soy-bean. Japanese J. of Botany 1:121-36. [2 ref. Eng]
• Summary: Discusses the connection of seed coat color with
pubescence in the soy bean. The writers described a glabrous
soy bean plant that appeared in the F2 generation of a cross
between two pubescent parent plants. The data presented
showed the glabrous character to be a simple mendelian
dominant to pubescence, and the factor pair was designated
as P1p1.
“Summary: A complete glabrous individual arose from
the progenies of the hybrid between two pubescent types
of soy bean, possibly by a factor mutation. “Glabrous is a
simple dominant over pubescent.
“A linkage relation exists between the factor for
glabrousness P and the factor for the mottling pattern in the
seed coat M.”
“Percentage of crossing over is about 18.12 or 1 to 4.5 to
4.5 to 1 and 4.5 to 1 to 1 to 4.5 in the gametic series.
The mottling pattern is greatly reduced where the ground
colour is cinnamon instead of brown which are respectively
due to the factors c and C.
“The evidence has been given to show that the
assimilation and growth are apparently weaker in the
glabrous plant than in the pubescent plant. A biological rôle
of inhibitors is considered.”
Note 1. Webster’s Dictionary defines glabrous
(pronounced GLAY-brus), a word first used in 1640, as
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“smooth or bald, especially having a surface without hairs or
projections.”
Note 2. This is the earliest English-language document
seen (Dec. 2009) that uses the word “glabrous” in connection
with soy beans.
Note 3. Nagai uses the word “factor” rather than the
word “gene.” The word “gene” does not appear in this
article. Address: Agric. Exp. Station, Omagiri, Japan.
415. Parker, F.W. 1924. Carbon dioxide production of plant
roots as a factor in the feeding power of plants. Soil Science
17(3):229-49. March. [16 ref]
• Summary: Soybeans are mentioned on pages 231, 232,
233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 245,
246. The finds concerning soybeans seem uninteresting.
Address: Alabama Polytechnic Inst.
416. Adams, J. 1924. The effect on tomato, soy bean, and
other plants of altering the daily period of light. American J.
of Botany 11(4):229-32. April. [4 ref]
• Summary: “Experiments were conducted at Ottawa,
Canada, on the result of shortening the average period of
daylight from about 15 hours (the natural length of day) to
about 12 hours.”
Three soy bean varieties [whose names are not given]
were tested; the plants which were darkened bore flowers a
little earlier than those which received more light.
Other plants included hemp nettle and shamrock.
Address: Central Experimental Farm, Ottawa [Ontario,
Canada].
417. Eaton, Frank M. 1924. Assimilation-respiration balance
as related to length of day reactions of soy beans. Botanical
Gazette 77(3):311-21. May. [3 ref]
• Summary: “Summary: 1. The time of flowering of
Peking soy beans given high, low, and uncontrolled nightly
temperatures was affected to an extent comparable with the
differences brought about by varying the length of day. 2.
It was found by measurements that respiration proceeded
almost twice as rapidly under hot night conditions as under
cold night conditions. 3. Depriving soy beans of carbon
dioxide for a number of the hours of the day did not affect
the time of flowering.” Address: University Farm, St. Paul,
Minnesota.
418. Piper, Charles V. 1924. Forage plants and their culture.
Revised edition. New York, NY: The Macmillan Co. xxv +
671 p. Aug. See p. 571-96. Illust. Index. 19 cm. [9 ref]
• Summary: This book is 57 pages longer than the 1914
first edition. Since most of the chapters have different titles,
different contents, and different numbers, we will include the
entire new table of contents here.
Preface to the revised edition. 1. Introduction:
Definitions.–Knowledge of Forage Crops Compared with

Other Crops.–Forage Crops and Civilization.–Forage Crops
in Europe and America.–Perennial Hay Plants in Europe
and America.–Botany of Forage Crops.–Aggressiveness
Necessary in Perennial Forage Crops.–Characteristics of
Grasses.–Legumes–Root Nodules.–The Nodule Organism.–
Forms of Root Nodules.–Natural Inoculation.–Artificial
Inoculation.–Dependence of Legumes on Root Nodules.
2. Preservation of Rough Forage: Preservation of Rough
Forage.–Time of Cutting.–Haymaking in Dry Weather.–
Curing of Hay.–Haymaking under Humid Conditions.–
Special Devices to Facilitate Hay Curing.–Completion
of Curing.–Artificially Dried Hay.–Shrinkage of Stored
Hay.–Loss of Hay or Fodder in the Field.–Relation of Green
Weight to Dry Weight.–Loss of Substance from Growing
Plants.–Hay Stacks.–Spontaneous Combustion.–Statistics
of Hay Yields.–Brown Hay.–Silage.–Advantages of Silage.–
Plants Useful for Silage.–Soiling or Soilage.–Soiling
Systems.
3. Choice of Forage Crops: What Determines the Choice
of a Forage Crop.–Special Purposes for which Forage
Crops are Grown.–Adaptation to Conditions.–Yields to
the Acre.–Yields under Irrigation.–Cost of Seeding.–Time
of Harvesting.–Ease of Harvesting and Curing.–Demands
or Prejudices of the User.–Feeding Values.–Feeding
Experiments.–Chemical Analyses.–Chemical Composition as
Affected by Soil and by Fertilizers.–Chemical Composition
as Affected by Stage of Maturity.–Variation in Chemical
Composition from Unascertained Causes.–Digestible
Nutrients.–Net Energy Values.–Starch Values.–Comparison
of Feeding Values.
4. Seeds and Seeding: Quality.–Genuineness.–Purity.–
Viability.–Actual Value of Seed.–Superiority of Local
Seed.–Standards of Purity and Germination.–Adulteration
and Misbranding.–Color and Plumpness of Seeds.–Age
of Seeds.–Source of Seeds.–Seed Inspection.–Sampling.–
Guaranteed Seeds.–Fungous Diseases.–Hard Seeds.–Most
Dangerous Weed Seeds.–Weight of Seeds.–Number of Seeds
in One Pound.–Seed Production of Forage Crops, United
States, 1919.–Seeding in Practice.–Rate of Seeding.–Time of
Seeding.–Depth of Seeding.–Experimental Results.–Nurse
Crops.–Vegetative Multiplication.
5. Meadows and Hayfields: Definitions.–Meadow
Mixtures.–Composition of Meadow Mixtures.–Treatment of
Permanent Meadows.–Scarifying Old Meadows.–Reseeding
Old Meadows.–Fertilizers for Hay Crops.–Top-dressing
for Aftermath or Rowen.–Principal Hay Plants.–Principal
Hay-Producing States.–Importance of Perennial Grasses in
Rotations.
6. Pastures and Pasturage: Definitions.–Fallow
Pastures.–Seedling Pastures.–Stubble Pastures.–Aftermath
Pastures.–Crop Pastures. Improved Pasture Land.–
Unimproved Pasture Land.–Most Important Tame Pasture
Plants.–Palatability of Tame Pasture Grasses.–Pasture Yields
as Determined by Number of Cuttings.–Pasture Mixtures.–

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 236
Pasturing Meadows.–Miscellaneous Farm Pasturage.–
Temporary. Pastures.–Temporary Pasture Crop Systems
for Hogs.–Treatment of Permanent Pastures.–Overgrazing
and Undergrazing.–Periods and Degree of Grazing.–
Systems of Grazing.–Grazing Systems in Different Pasture
Regions.–Renovating Old Pastures of Creeping Grasses.–
Renovating Bunch Grass Pastures.–Burning Over Pasture
Lands.–Rotation of Animals.–Poisonous Plants in Natural
Pastures.–Rodents.–Bloating or Hoven.–Carrying Capacity
or Supportage.
7. The Statistics of Forage Crops for the United States:
Total Forage Production by Groups of Forages, United
States, 1919. Concentrated Feeds.–Hay and Fodder.–Straw
and Stovers.–Root Crops, Wet Beet Pulp and Silage.–The
Major Crop Plants Producing Forage.–Classification of
Crops in Statistical Returns.–Mature crops pastured off.–
”Hay and Forage” by Classes, United States, 1919.–Kafir,
Sorghum and the Like for Forage.–Silage Crops.–Wild
Salt or Prairie Grasses.–Root Crops for Forage.–Major
Hay Producing Crops.–The Ten States Leading in Forage
Production.–Canadian Statistics.
8. Timothy: Botany.–Agricultural History.–Agricultural
Importance.–Climatic Adaptations.–Soil Preferences.–
Advantage of Timothy.–Rotations.–Seed.–Preparation of
Seed Bed.–Heavy Seeds or Light Seeds.–Rate of Seeding.–
Depth of Seeding.–Methods of Seeding.–Seed Bed.–
Fertilizers for Timothy.–Lime.–Irrigation.–Time to Cut for
Hay.–Yields.–Pasture.–Pollination.–Seed Production.–Life
History.–Life Period.–Depth of Root System.–Proportion of
Roots to Tops.–Regional Strains.–Feeding Value.–Injurious
Insects.–Diseases.–Variability.–Disease Resistance.–
Breeding.–Methods of Breeding.–Desirable Types of
Improved Timothies.–Comparison of Vegetative and Seed
Progeny.–Field Trials with Improved Strains.
9. Bluegrasses and Meadow-Grasses: Kentucky
Bluegrass (Poa pratensis): Botany; Adaptations; Importance;
Characteristics; Culture; Fertilizers; Lime; Yields of Hay;
Seed Production; Seed; Hybrids.–Canada Bluegrass (Poa
compressa): Seed; Culture; Adaptations; Importance.–Texas
Bluegrass (Poa arachnifera).–Fowl Meadow Grass (Poa
triflora).–Rough-stalked Meadow Grass or Bird Grass (Poa
trivialis).–Wood Meadow Grass (Poa nemoralis).
10. Orchard Grass, Tall Oat-Grass and Brome
Grasses: Orchard Grass (Dactylis glomerata): Description;
Botany; Agricultural History; Climatic Adaptations; Soil
Preferences; Adaptation to Shade; Variability; Advantages
and Disadvantages; Importance; Seeding of Orchard Grass;
Life History; Harvesting for Hay; Yields of Hay; Harvesting
Orchard Grass for Seed; Weeds; Seed; Sources of Seed;
Utilization of Stubble and Aftermath; Mixtures; Pasturage
Value; Feed Value; Value as a Soil Binder; Improvement
by Selection; Pests.–Tall Oat-grass (Arrhenatherum
elatius): Names; Botany; Agricultural History; Adaptations;
Importance; Characteristics; Seeding; Hay; Seed Production;

Seed; Mixtures.–Brome Grass (Bromus inermis): Names
and Description; Botany; Agricultural History; Adaptations;
Depth of Roots; Method of Seeding; Rate of Seeding Brome
Grass; Time to Cut for Hay; Hay; Fertilizers; Treatment of
Meadows; Seed Production; Seed; Pasture Value; Mixtures;
Variability.
12. Fescue, Rye-Grasses and Wheat-Grasses:
Meadow Fescue (Festuca elatior): Botany and History;
Characteristics; Adaptations; Importance; Seeding; Hay;
Seed Production; Seed; Pasture Value; Pests; Hybrids.–Tall
Fescue.–Reed Fescue (Festuca arundinaceae).–Sheep’s
Fescue and Closely Related Species: Importance and
Culture; Seed.–Red Fescue (Festuca rubra).–Perennial or
English Rye-grass (Lolium perenne): Name; Agricultural
History; Botany; Characteristics; Adaptation; Importance;
Agricultural Varieties; Culture; Hay Yields; Seed
Production.–Italian Rye-grass (Lolium multiflorum):
Characteristics; Botany; Agricultural History; Adaptations;
Culture; Irrigation; Hay Yields; Seed Production; Seed.–
Wimmera Rye-grass (Lolium subulatum).–Slender
Wheat-grass (Agropyron tenerum).–Western Wheat-grass
(Agropyron occidentale).–Crested Wheat-grass (Agropyron
cristatum).–Quack Grass (Agropyron repens).
13. Miscellaneous Northern Perennial Grasses:
Meadow Foxtail (Alopecurus pratensis): Characteristics;
Adaptations; Culture; Seed.–Sweet Vernal grass
(Anthoranthum odoratum): Botany; Culture.–Reed Canary
grass (Phalaris arundinacea): Botany and Agricultural
History; Characteristics; Culture.–Harding grass (Phalaris
stenoptera).–Velvet grass (Holcus lanatus).–Erect Brome
(Bromus erectus).–Yellow Oat-grass (Trisetum flavescens).–
Crested Dogstail (Cynosurus cristatus).
14. Southern Grasses: Bermuda grass (Cynodon
dactylon): Botany; Characteristics; Agricultural History;
Adaptations; Variability; Importance; Culture; Yields of Hay;
Rootstocks; Pasture Value; Feeding Value; Seed Production.–
Giant Bermuda grass (Cynodon dactylon var maritimus).–
Transvaal Kweek grass (Cynodon incompletus).–Star grass or
Thungari (Cynodon plectostachyus).–Igoka grass (Cynodon
sp.).–Dallis grass (Paspalum dilatatum).–Bahia grass
(Paspalum notatum).–Carpet grass (Axonopus compressus).–
Seed Production.–Para grass (Panicum barbinode).
Guinea grass (Panicum maximum).–Rescue grass (Bromus
unioloides).–Crab grass (Digitaria sanguinalis).–Natal grass
(Tricholaena rosea).–Chess or Cheat (Bromus secalinus).–
Rhodes grass (Chloris gayana).–Molasses grass (Melinis
minutiflora). (Continued). Address: Agrostologist in Charge
of Forage Crop Investigations, Bureau of Plant Industry,
USDA.
419. Piper, Charles V. 1924. Forage plants and their culture.
Revised edition (Continued–Document part II). New York,
NY: The Macmillan Co. xxv + 671 p. Aug. See p. 571-96. [9
ref]
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• Summary: (Continued): 15. Cereal Grasses: Maize or
Indian Corn: Corn as Forage; Grain; Corn Fodder; Corn
Stover; Corn Silage; Corn Pasturage; Mixed Cropping.–The
Small Grain Grasses: Wheat: Importance as Forage; Wheat
Hay; Wheat Silage; Wheat Pasturage.–Oats: Oats as Forage;
Importance as Forage; Oat Grain as Forage; Oat Hay; Oat
Straw; Mixtures; Oats for Pasturage.–Barley: Barley Hay;
Barley Straw; Importance.–Rye.–Emmer and Spelt.–Mixed
Small Grains.–Canary Grass (Phalaris canariensis).
16. Millets: The Principal Millets.–Foxtail Millet
(Setaria italica): Agricultural History; Adaptations;
Importance; Agricultural Varieties; Culture.–Rate of
Seeding.–Hay; Feeding Value; Silage from Foxtail Millet;
Injurious Effects; Seed Production; Seed; Diseases and
Insects.–Japanese Millet (Echinochloa frumentacea).–
Broomcorn Millet (Panicum miliaceum).–Comparative Hay
Yields of Different Millets at Several Experiment Stations.–
Shama Millet (Echinochloa colona or Panicum colonum).–
Ragi, Finger millet or Coracan (Eleusine coracana).–Texas
Millet (Panicum texanum).–Browntop Millet (Panicum
fisciculatum).
17. Sorghums, Japanese Sugar Cane and Other Grasses:
Sorghum (Sorghum sorghum): Botany; Agricultural
History; Adaptations; Root System; Agricultural Groups;
Importance; Culture; Time of Seeding; Seeding in Rows;
Seeding Broadcast; Number of Cuttings; Yields of Forage;
Seed; Agricultural Varieties; Seed Production; Utilization;
Soiling; Fodder; Hay; Silage; Sorghum and Legume
Mixtures; Pasture Value; Poisoning; Diseases; Insect Pests;
Sorghum Improvement.–Sudan Grass (Sorghum sorghum var
Sudanense): Description (“first introduced into the United
States in 1909”); Adaptations; Culture; Utilization; Hay; Hay
Mixtures; Chemical Analysis; Seed Production.–Pasturage.–
Johnson Grass (Sorghum halepense): Botany; Agricultural
History; Adaptation and Utilization; Poisonous Qualities;
Seed.–Japanese Sugar Cane (Saccharum sinense): History
and Characteristics; Varieties; Adaptations; Planting; Culture;
Utilization; Yields; Seed Cane.–Other grasses: Penicillaria
(Pennisetum glaucum); Teosinte (Euchloena mexicana):
Guatemala grass (Tripsacum laxum).
18. Alfalfa: Agricultural History.–Origin of the
Common Names–Heat Relations.–Cold Relations.–Humidity
Relations.–Soil Relations.–Distribution of the Alfalfa
Crop.–Botanical Varieties of Alfalfa.–Cultivated Varieties
of Alfalfa.–Importance of the Varieties.–Influence of Source
of Seed.–Comparison of Regional Strains.–Important
Characteristics of Alfalfa.–Life Period.–Roots.–Relations
to Soil Moisture.–Seedlings.–Rootstocks.–Shoots.–
Relative Proportion of Leaves, Stems and Roots.–Seed
Bed.–Inoculation.–Liming.–Fertilizers.–Rate of Seeding.–
Time of Seeding.–Method of Seeding.–Nurse Crops [an
annual crop used to aid in establishing a perennial crop]–
Clipping.–Winter-killing.–Time to Cut for Hay.–Number of
Cuttings.–Quality of Different Cuttings.–Irrigation.–Time

to Apply Irrigating Water.–Winter Irrigation.–Relation of
Yield to Water Supply.–Care of an Alfalfa Field.–Alfalfa in
Cultivated Rows.–Alfalfa in Mixtures.–Alfalfa in Rotations.–
Pasturing Alfalfa.–Use as a Soiling Crop.–Alfalfa Silage.–
Alfalfa Meal.–Alfalfa Straw.–Seed production.–Pollination.–
Seeds.–Viability of Seed.–Alfalfa Improvement.–Breeding
Methods.–Weeds.–Dodder or Love-vine.–Diseases.–Insects.–
Rodents.
19. Clovers, Especially Red Clover: Botany of Red
Clover.–Agricultural History.–Importance and Distribution.–
Soil Relations.–Climatic Relations.–Effect of Shade.–
Agricultural Varieties.–Comparison of Red Clovers from
Different Sources.–Time of Seeding.–Rate of Seeding.–
Seedlings.–Seeding with a Nurse Crop.–Seeding without a
Nurse Crop.–Depth of Seeding.–Winter Killing.–Treatment
of Clover Fields.–Fertilizers.–Gypsum.–Lime.–Irrigation.–
Red Clover in Mixtures.–Use in Rotations.–Effect of
Clover in Rotations when Only the Stubble is Turned
Under.–Volunteer Crops.–Stage to Cut.–Composition at
Different Stages.–Number of Cuttings.–Yields of Hay.–
Relation of Green Weight to Hay Weight.–Feeding Value.–
Comparative Feeding Value of the First and Second Crops
of Hay.–Soiling.–Pasturage.–Silage.–Number of Flowers
and Seeds to the Head.–Pollination and Fecundation.–Seed
Production.–Harvesting the Seed Crop.–Yields of Seed.–
Statistics of Seed Crop.–Value of the Straw.–Seed.–Color
of Seeds.–Roots.–Shoots.–Proportion of Roots to Shoots.–
Relative Proportions of Stems, Leaves and Flower Heads.–
Diseases.–Clover Failure.–Reduction of Acreage Probably
Due Mainly to Clover Failure.–Insects.–Improvement of Red
Clover by Breeding.–Disease-resistant Strains.
20. Crimson Clover and Related Annual Legumes:
Crimson Clover (Trifolium incarnatum): Botany;
Agricultural History; Description; Adaptations; Importance;
Variability and Agricultural Varieties; Seeding; Time of
Seeding; Methods of Seeding; Time to Cut for Hay; Yields;
Other Uses of Crimson Clover; Seed Production; Seed.–
Shaftel or Schabdar (Trifolium suaveolens).–Berseem
(Trifolium alexandrinum).–Strawberry, Subterranean and
Hop Clovers: Strawberry Clover (Trifolium fragiferum);
Subterranean Clover (Trifolium subterraneum).–Hop Clovers
(Trifolium Spp.). Bur Clovers (Medicago spp.); Seed.
21. Other Clovers–Alsike, Hungarian and White: Alsike
Clover (Trifolium hybridum): Botany of Alsike; Agricultural
History; Adaptations; Characteristics; Regional Seeds;
Importance; Culture; Hay; Seed Production; Seed; Value
for Pasturage.–Hungarian Clover (Trifolium panonicum).–
White Clover (Trifolium repens): Botany; Agricultural Sorts,
Description; Agricultural History; Adaptations; Importance
of White Clover; Seeding; Yields; Pollination; Seed
Production; Seed.–Ladino White Clover.
22. The Melilots or Sweet Clovers: Bokhara melilot
(Melilotus alba): Climatic Adaptation; Soil Relations;
Agricultural History; Seeding; Securing a Stand; Relative
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Proportion of Tops and Roots; Utilization; Advantages
and Disadvantages; Yields of Hay; Seed Production;
Value of the Straw; Seed.–Annual or Hubam Bokhara
melilot.–Hubam (Melilotus alba annua).–Official melilot
(Melilotus officinalis).–King Island melilot (Melilotus indica
or Melilotus parviflora).–Daghestan melilot (Melilotus
suaveolens).
23. Miscellaneous Perennial Legumes: Sainfoin
(Onobrychis viciaefolia): Description; Agricultural History;
Culture; Seed; American Data.–Sulla or Spanish Sainfoin
(Hedysarum coronarium). Kudzu (Pueraria thunbergiana).–
Flat Pea (Lathyrus silvestris var. wayneri).–Kidney Vetch
(Anthyllis vulneraria).–Goat’s Rue (Galega officinalis).–
Bird’s-foot Trefoil (Lotus corniculatus).–Sickle-milk Vetch
(Astragalus falcatus).–Furze (Ulex europaeus) (Continued).
Address: Agrostologist in Charge of Forage Crop
Investigations, Bureau of Plant Industry, USDA.
420. Piper, Charles V. 1924. Forage plants and their culture.
Revised edition (Continued–Document part III). New York,
NY: The Macmillan Co. xxv + 671 p. Aug. See p. 571-96. [9
ref]
• Summary: (Continued): 24. Peas and Pea-like Plants:
Pea (Pisum sativum): Botany and History; Description;
Adaptations; Importance; Agricultural Varieties; Seeding;
Development of the Plant; Hay; Peas and Oats; Pasture
Value; Garden Pea Vines; Irrigation; Seed production; Seed.–
Pea Weevil (Laria pisorum or Bruchus pisorum).–Chick-pea
(Cicer arietinum).–Grass-pea, Vetchling or Chickling Vetch
(Lathyrus sativus).
25. Vetches and Vetch-like Plants: Kinds of Vetches.
Common Vetch (Vicia sativa): Description; Botany and
Agricultural History; Adaptations; Importance; Agricultural
Varieties; Culture; Time of Seeding; Rate of Seeding;
Harvesting for Hay; Pasturing; Feeding Value; Rotations;
Fertilizers; Lime; Silage; Seed Production; Seed.–Hairy
Vetch (Vicia villosa): Description; Botany; Climatic
Adaptations; Soil Preferences; Rate of Seeding; Time of
Seeding; Depth of Seeding; Inoculation; Uses of the Crop;
Pollination; Harvesting for Hay; Feeding Value; Use in
Rotations; Advantages and Disadvantages; Growing Seed;
Sources of Seed; Seeds.–Narrow-leaved Vetch (Vicia
angustifolia). Hungarian vetch (Vicia pannonica). Purple
Vetch (Vicia atropurpurea). Woolly-pod Vetch (Vida
dasycarpa).–Ervil or Black Bitter Vetch (Vicia ervilia).–
Horse Bean (Vicia faba). Bird or Tufted Vetch (Vicia cracca).
Tangier Pea (Lathyrus tingitanus). Flat-podded Vetchling
(Lathyrus cicera).–Ochrus (Lathyrus ochrus).–Comparison
of Vetch Species.–Fenugreek (Trigonella foenum-graecum).–
Lupines (Lupinus spp.).–Serradella (Ornithopus sativus).–
Square-pod pea (Lotus tetragonolobus).
26. Cowpeas: Cowpea (Vigna sinensis): Botanical
Origin; Agricultural History; Adaptations; Importance; Uses
of the Crop; Varietal Distinctions; Life Period; Pods and

Seeds; Correlations; Important Varieties; Rate and Method of
Seeding; Time of Seeding; Inoculation; Number of Cuttings;
Hay; Hay Yields; Feeding Value; Cowpeas in Broadcast
Mixtures; Cowpea Mixtures not Sown Broadcast; Pasturage;
Silage; Growing Cowpeas for Seed; Pollination; Seed Yield;
Proportion of Seed and Hulls; Seeds; Viability; Root System;
Disease Resistance; Insect Enemies.
27. Soybeans: Agricultural History.–Botany.–
Description.–Soil Preferences.–Climatic Relations.–
Importance.–Statistics.–Desirable Characters in Soybean
Varieties.–Commercial Varieties.–Preparation of Soil and
Cultivation.-Rate of Seeding.–Time of Seeding.–Method
of Seeding.–Depth of Seeding.–Inoculation.–Life Period.–
Time to Cut for Hay.–Hay Yields.–Fertilizers.–Soybean
Mixtures.–Silage.–Rotations.–Feeding Value of Soybean
Hay.–Pasturage. Seed Production.–Storage.–Pollination.–
Seed Yield.–Feeding the Seed.–Seeds.–Pests.–Breeding.–
Soybeans and Cowpeas Compared.
28. Other Warm Season Annual Legumes: Lespedeza
or Japan Clover (Lespedeza striata): Description;
Agricultural History; Varieties; Adaptations; Culture;
Pasturage Value; Hay; Seed Production.–Korean Lespedeza
(Lespedeza stipulaceae).–Florida Velvet Bean (Stizolobium
deeringianum): Description and History; Adaptations;
Utilization; Other Species of Stizolobium.–Importance.–
Insects and Diseases.–Peanut (Arachis hypogaea).–Florida
Beggarweed (Desmodium purpureum, formerly called
Desmodium tortuosum or Meibomia tortuosa).–The Jack
Bean (Canavalia ensiformis).–Mung Bean (Phaseolus
aureus).–Urd Bean (Phaseolus mungo).–Moth Bean
(Phaseolus aconitifolius).–Adzuki Bean (Phaseolus
angularis).–Bonavist or Hyacinth Bean (Dolichos lablab).–
Guar (Cyamopsis tetragonoloba).–Dakota Vetch (Hosackia
americana or Lotus americanus).
29. Miscellaneous Herbs Used as Forage: Sunflower
(Helianthus annuus).–Mexican Clover (Richardsonia
scabra).–Prickly Pear (Opuntia spp.).–Spurry (Spergula
sativa).–Yarrow (Achillea millet olium).–Sachaline
(Polygonum sachalinense).–Burnet (Sanguisorba minor).–
Buckhorn (Plantago lanceolata).–Prickly Comfrey
(Symphytum asperrimum).–Australian Saltbush (Atriplex
semibaccata).
30. Root Crops and Other Comparable Forages: Root
Crops: Importance of Root Crops; Kinds of Root Crops;
Comparison of Various Root Crops; Roots Compared with
Corn and Sorghum.–Rape (Brassica napus): Importance;
Seeding; Place in Rotations; Sowing with Another Crop;
Utilization; Carrying Capacity of Rape Pastures; Yields;
Insects.–Kale (Brassica oleracea): Diseases; Yields of
Kale, Cabbage and Other Brassicaceous Plants.–Jerusalem
Artichoke (Helianthus tuberosus).–Chufa (Cyperus
esculentus).–Cassava (Manihot utilissima).
List of plates (14 full-page photos).
References appear at the end of each chapter. Address:
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Agrostologist in Charge of Forage Crop Investigations,
Bureau of Plant Industry, USDA.
421. Piper, Charles V. 1924. Soybeans (Document part).
In: C.V. Piper. 1924. Forage Plants and Their Culture. New
York, NY: MacMillan Co. xxv + 671 p. Aug. See p. 571-96.
[9 ref]
• Summary: Contents: Introduction. Agricultural history.
Botany. Description. Soil preferences. Climatic relations.
Importance. Statistics (“In 1920 the acreage of soybeans in
the United States harvested for seed was 190,000 acres and
the seed production 3,000,000 bushels, an average of 15.8
bushels an acre. Probably only 20 per cent of the crop was
harvested as seed, so the total acreage was about 900,000
acres. In the past five years the acreage, especially for seed
production, has greatly increased”). Desirable characters
in soybean varieties (For forage: erect, tall, slender, leafy,
yellow-seeded, non-shattering, disease resistant; For seed
production: high yielding, high oil content). Commercial
varieties. Preparation of soil and cultivation. Rate of
seeding. Time of seeding. Method of seeding. Depth of
planting. Inoculation. Life period. Time to cut for hay. Hay
yields. Fertilizers. Soybean mixtures: Soybeans and corn,
soybeans and cowpeas, soybeans and sorghums, soybeans
and Johnson grass, soybeans and millet. Silage. Rotations.
Feeding value of soybean hay. Pasturage (for hogs or sheep).
Seed-production. Storage. Pollination. Seed yield. Feeding
the seed. Seeds (weigh about 60 pounds to the bushel).
Pests. Breeding. Soybeans and cowpeas compared. List of
references.
“The soybean is the most productive as regards seed of
any legume adapted to temperate climates. This fact alone
gives the crop a high potential importance and insures its
greater agricultural development in America. At the present
time the soybean is most largely grown for roughage, but the
high value of the seed for human food, as well as animal feed
and for oil, will in all probability result in its being more and
more grown for the seed and the crop will then become of
major importance.
“Agricultural history.–The soybean, or soja-bean, is
a plant of ancient cultivation in Japan, China, Korea and
Manchuria, and to a much less extent in northern India and
in the highlands of Java. As grown in these countries, it is
used mainly for human food, the beans being prepared in
various ways. A large amount of the beans is utilized by first
extracting the oil. In this case the bean cake is used both for
cattle food and as a fertilizer.
“The soybean was first cultivated in the United States
in 1804 [sic], but it apparently attracted but little attention
until 1854, when two varieties were brought back from Japan
by the Perry expedition. Other varieties were introduced
from time to time, among them the Mammoth, which
was introduced previous to 1882. It is largely due to the
introduction of this variety that the soybean has become an

important crop in the Southern States and a large percentage
of the acreage there is still planted to this variety. Between
the years 1900 and 1920, the United States Department
of Agriculture introduced about 800 varieties from all
portions of the Orient. In Europe a number of varieties
were introduced by Haberlandt of Vienna in 1875, who
experimented with them for a number of years. The crop,
however, never obtained any great importance in Europe,
but is cultivated to a limited extent, especially in France and
Italy.
“Beginning with 1908, large amounts of soybeans were
exported from Manchuria to Europe and the United States.
The beans were utilized for extracting the oil, which was
used for various industrial purposes, and the bean cake was
used largely as cattle feed. This trade has had the effect
of increasing interest in the soybean crop, especially from
the standpoint of producing seed. The total yield of seed in
Manchuria in 1921 was estimated at 4,500,000 tons.
“Botany.–The erect or nearly erect form of the soybean,
as cultivated in Japan and Manchuria, is not known to grow
wild. The nearest wild relative of the cultivated plant is a
slender-stemmed vining plant with smaller flowers, pods
and seeds. This has usually been considered a distinct–
species under the name of Glycine ussuriensis, and occurs
wild in Japan, Manchuria and China. The Indian varieties
of soybeans are quite intermediate between this wild plant
and the Japanese and Manchurian varieties, being for the
most part rather slender-stemmed, vining, small-flowered
and small-seeded varieties. A critical study of an extensive
series of varieties shows that all inter-grades between the
wild plant and the cultivated erect forms exist, so that there
can be but little doubt that but one species is represented.
The usual botanical designation for this species is Glycine
soja, but under recent botanical codes it must be changed
either to Soja max or to Glycine max. If two species are to be
recognized, then both are cultivated, as some of the Indian
varieties are much more like the wild soybean than they
are like the erect Japanese varieties. The large number of
varieties of the soybean and the great range of differences in
these varieties indicate a very ancient cultivation.”
“Importance.–The soybean has been slowly but steadily
increasing in importance in America during the past thirty
years.
“In the past five years the acreage and production have
been increasing rapidly, especially in the ‘cornbelt’ states.
From present prospects this acreage will continue to increase
greatly, especially for seed production. It is now clear that
American-grown soybeans can compete with Manchuria and
command prices which over considerable regions make the
crop more profitable than oats.
“Statistics.–In 1920 the acreage of soybeans in the
United States harvested for seed was 190,000 acres and
the seed production 3,000,000 bushels, an average of 15.8
bushels an acre. Probably only 20 per cent of the crop
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was harvested as seed, so that the total acreage was about
900,000 acres. In the past five years the acreage, especially
for seed production, has greatly increased.
“Desirable characters in soybean varieties.–As the
number of soybean varieties is very large, and as new
sorts are easily secured by crossing, the most desirable
characters, both for forage and for seed production, need
to be considered. In this crop as in others, yield is the most
important single desideratum. Secondary considerations are
habit, coarseness, ability to hold leaves, color of seed, and
ease of shattering.
“An ideal variety for forage should be erect; tall, so that
the pods are not too near the ground; slender, but without
tendency to lodge, so as to permit easy mowing; leafy and
with the ability to retain the leaves late; yellow-seeded,
as hogs will more readily find such seeds as are shattered;
non-shattering, a character more common in small-seeded
than in larger-seeded varieties; disease-resistant, especially
to nematodes and cowpea wilt, which seriously affect most
varieties of the soybean.
“For seed production alone, percentage of oil content
is second in importance to yield and leafiness and ability
to hold leaves of practically no concern. Yellow-seeded
varieties are, however, preferred for milling.
“Commercial varieties.–At present, 1923, the most
important varieties of soybeans are the following, the
approximate percentage for each, of the total acreage, being
indicated: Mammoth, 40 per cent; Midwest, 15%; Ito San,
8%; Virginia, 6%; Manchu, 6%; Wilson, 5%; Peking, 3%;
Black Eyebrow, 2%; Wisconsin Black, 2%; Biloxi, 1%; and
Itootan [sic, Otootan], 1 per cent.
“These percentages are rapidly changing with the
increase of soybean culture in the North. The Mammoth
owes its high position to the fact that it is the dominant
variety in the region where the culture of the soybean
became important earlier than in the North.”
“Pests.–Soybeans are troubled by very few serious
enemies. On the whole, rabbits are most troublesome, as they
are extravagantly fond of the herbage, and where they are
abundant soybean culture is practically impossible. At the
Tennessee Experimental Substation at Jackson, rabbit injury
was much reduced by using scarecrows, to each of which a
lantern was hung at night.
“Rootknot caused by a nematode (Heterodera
radicicola) often injures soybeans considerably, but the
Laredo and three unnamed varieties are almost immune...”
“Breeding.–The soybean lends itself readily to
improvement, and considerable work in breeding is being
carried on by the United States Department of Agriculture,
and by various experiment stations. The Ohio Station is
testing individual plants in duplicate plant row work in much
the same way that it is testing ears of corn and is finding
decided differences in yield of seed and forage, in tendency
to shatter and in habits of growth. The Tennessee Station is

conducting selection work with a number of varieties and
has found considerable variation in maturity, habit of growth
and plant characters within the same varieties, so that several
strains of the same variety are under test. The United States
Department of Agriculture has done a very considerable
amount of work toward the improvement of the soybean
by selection and hybridization. The results of the breeding
work thus far indicate that it is easily possible to improve the
varieties now on the market.
“Soybeans and cowpeas compared.–Inasmuch as
soybeans are adapted to so nearly the same uses and
same place in farm rotation as the cowpea, an agronomic
comparison of the two crops has often been made.
“The soybean is determinate in growth; that is, it reaches
a definite size and matures. Nearly all varieties of cowpeas,
on the other hand, are indeterminate, continuing growth
until killed by frost. With the exception of a few varieties,
the soybean does not vine, but grows erect or nearly erect.
Cowpeas, on the other hand, are viny plants, and therefore
more difficult to harvest. Soybeans mature all of their pods
at one time. Cowpeas continue to produce green pods as long
as the plant lives.
“Soybeans will withstand rather heavy frosts, both in
the spring, when young, and in the fall, when nearly mature,
while the same frosts are fatal to cowpeas. They are more
drought resistant than cowpeas, and in a dry season will
give much greater yields; they will also withstand excessive
moisture much better.
“For green manuring or soil improving, the cowpea is
far more valuable than the soybean, as it will smother weeds
much more successfully.
“The value of the hay of the two plants is nearly the
same. There is frequently doubt as to which is the more
desirable to grow. On relatively poor soil or when sown
broadcast, cowpeas are always preferable. When cultivated,
the soybean will yield the greater return, and if cut late, the
hay is more easily cured.
“The feeding value of an acre of soybeans for beef
cattle was found by the Tennessee Agricultural Experiment
Station to be about 50 per cent greater than that of cowpeas
grown on an adjoining acre. This was also approximately the
difference in yield of the two crops.
“As a grain producer the soybean is in every way
preferable to the cowpea, as it produces larger yields of
richer grain and can be harvested much more easily.
“The soybean, therefore, is to be recommended above
the cowpea where intensive rather than extensive farming is
practicable and desirable.” Address: Agrostologist in Charge
of Forage Crop Investigations, Bureau of Plant Industry,
USDA.
422. Jones, Fred Reuel. 1924. A mycorrhizal fungus in the
roots of legumes and some other plants. J. of Agricultural
Research 29(9):459-70. Nov. 1. [5 ref]
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• Summary: Contents: Introduction. Distribution of the
mycorrhizal fungus in the roots of leguminous plants.
Discoloration of the roots by the mycorrhizal fungus.
Pathological history. Description of the fungus. Penetration
of the root by the fungus. Growth of the fungus in culture
media. Species of Leguminosae in which the mycorrhizal
fungus has been found (Incl. Soja max (L.) Piper).
Distribution of the fungus in agricultural land. Relation
of the seasonal development of the plant to the fungus
invasion of the roots. Significance of the mycorrhizal fungus
in legumes. Mycorrhiza of herbaceous plants other than
legumes. Summary.
In the spring of 1922, during an investigation of a
fungus parasite on the roots of peas, the author examined,
under the microscope, fresh razor sections of rootlets of
many pea plants in different stages of development. He found
that very many rootlets of the plants, which were considered
normal, were extensively invaded by a characteristic fungus
which entered a few rootlets when the plant was small and
had spread to at least half of the root system by the time the
plant had reached full bloom. “The fungus was restricted
to the primary cortex of the root” and was usually the same
straw-yellow color as the root. By the time the plants were
mature, all the roots were invaded.
These findings suggested that the fungus must be very
thoroughly distributed in the soil. Examination of the roots
of other legumes revealed that they too were the hosts of
this fungus. The author is surprised that the presence of
this fungus “is not a matter of common knowledge among
botanists.” The list of plants invaded by this fungus contains
only two species among the Leguminosae (legume family)
(See Janse 1897). It in still generally thought that the
mycorrhizal fungus is of no benefit to the plant invaded; its
presence is usually thought (based on scientific evidence) to
be disadvantageous or injurious.
Biennial and perennial legumes, such as clover and
alfalfa, have a comparatively thick cortex which occupies
two-thirds to three-fourths of the entire root diameter; in
these hosts (see Plates 1 and 2) “the fungus develops far
more abundantly than in the roots of beans and soybeans,
which have comparatively thin cortical layers” (p. 460).
When the cortex of the root has been thoroughly
invaded, it is usually indicated by a yellow or greenishyellow discoloration. The characteristic structures of the
fungus are mycelium (nonseptate), arbuscles, and vesicles
(fruit structures). The fungus appears to belong to the
Phycomycetes. The relation between the fungus and its host
appears to be symbiotic.
Summary: The author found that “the roots of nearly
all our common leguminous crops, wherever grown, are
extensively invaded by a characteristic fungus which has
previously known as mycorrhizal fungus.” “No culture
medium has yet been found which appears to be capable of
supporting the growth of this fungus independent of host

tissue” (p. 470).
Note: This is the earliest document seen (July 2021)
concerning mycorrhizal fungus and soybeans. Address:
Pathologist, Cotton, Truck, and Forage Crop Disease
Investigations, Bureau of Plant Industry, USDA.
423. Science Service. 1924. Electric light for plants not a
paying proposition: Some varieties grow faster under the
stimulus of artificiality but twenty-four hour day isn’t a
success. Toronto Daily Star (Canada). Nov. 15. p. 3.
• Summary: “Yonkers, New York, Nov. 15.–That electric
Light may be used in place of sunlight and that it does
not pay to use it are two of the first lessons taught by the
experiments being carried on at the Boyce Thompson
Institute for Plant Research recently established here.”
Experiments on the optimum length of light and
darkness for different plants are also being conducted.
“Remarkable differences appeared in the rate of growth of
the plants and the age and stature of the plants at the time of
flowering with the different lengths of day.”
“Buckwheat, aster and soy beans bloom much later in
constant light than in shorter days.” Address: Special to The
Star.
424. Schmidt, David. 1924. Effect of the weight of the
seed on the growth of the plant. New Jersey Agricultural
Experiment Station, Bulletin No. 404. 19 p. Nov. [20 ref]
• Summary: Various seeds, including soy-beans, buckwheat,
and lima beans, of different weights were grown into plants.
Seeds of high medium weight produced better plants than did
seeds of lighter or abnormally heavy weight. The superiority
of plants grown from heavier seeds over those grown from
lighter seeds, decreased notably as the plants approached
maturity, sometimes disappearing entirely.
Soybean seeds were divided into groups based on
individual seed weight as follows: “small, 83.0 to 100.0
mgm.; small medium, 100.0 to 110.0 mgm.; large medium,
110 to 160 mgm.; large, 200 to 270 mgm.
Table 1 shows the germination counts for three groups
of seeds and various numbers of days after planting. The
heavier seeds germinated as well as the lighter ones, but the
best germination was with the medium-weight seeds. The
earliest germination occurred with the lightest weight seeds,
followed in order by the medium- and the heaviest-weight
seeds. The size of the cotyledons and primary leaves was
directly proportional to the weight of the seeds (p. 9-10).
Address: New Brunswick, New Jersey.
425. Nightingale, G.T.; Kraus, E.J. 1924. Does light affect
the fertilizer requirements of plants? Wisconsin Station
Bulletin No. 362. p. 52-54. *
• Summary: Buckwheat, soybeans, radish and salvia, of the
varieties studied, were limited in the building of nitrates
to insoluble forms of nitrogen by a 7-hour day, as it occurs

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 242
in the greenhouse, even though an available supply of
carbohydrates was present.
426. Mumford, H.W. 1924. Progress of investigations.
Illinois Agricultural Experiment Station, Annual Report
36:1-24. For the year ended June 30, 1923. See p. 11, 14-15.
• Summary: The section titled “Agronomy” states (p. 14):
“The physiological life history studies of corn, wheat, and
soybeans promise to be a fruitful line of research.” Kudzu is
also mentioned on this page.
The section on “Animal husbandry” states (p. 1415) states: “The beef cattle division has started a series of
investigations to determine the relative value of cottonseed
meal, soybean meal, and ground soybeans as nitrogenous
supplements to corn in the ration for fattening mature steers
in dry lot on short, heavy feed.”
“Ground soybeans proved to be inferior to either
cottonseed meal or soybean oil meal.”
The section titled “Dairy husbandry” states (p. 19): “The
division of milk production has been making a study of the
use of soybean oil meal, soybean hay, and soybean straw for
dairy cattle.”
This annual report mentions “olericulture” (p. 23) which
Webster’s Third New International Dictionary (1963) defines
as “a branch of horticulture that deals with the production,
storage, processing, and marketing of vegetables.” In this
article they are called “truck crops.” Other branches of
horticulture are pomology and floriculture. Address: Director
of the Station, Urbana, Illinois.
427. Nagai, Isaburo. 1924. Observations on the somatic
segregation in soy beans. Japanese J. of Botany 2(1):63-70.
[7 ref. Eng]
• Summary: “Progenies of the hybrids in soy beans often
manifest a marked fluctuation with respect to the colour
characters of the seed coat, even in those seeds which are
produced by a single individual. Breeding tests have been
conducted and have proved that somatic segregation actually
occurs both in homozygous and heterozygous plants.”
Records five cases showing a marked fluctuation in
seed coat color, which are considered to depend on gene
mutations. The following words are used: Chromogen,
chromogenic substances, homozygous. Address: Agric. Exp.
Station, Omagiri, Japan.
428. Marsh, R.P.; Shive, J.W. 1925. Adjustment of iron
supply to requirements of soy bean in solution culture.
Botanical Gazette 79(1):1-27. March. [26 ref]
• Summary: “When the available iron supply in the medium
is slightly in excess of that actually required, the plants
may become chlorotic from the failure of iron to reach the
leaves in the necessary concentration, or they may show the
symptoms characteristic of iron toxicity.
“It appears that a delicate balance exists within the plant

which requires that the available iron in the culture medium
be limited to a very narrow range of concentrations to
produce optimum growth.”
Marsh and Shive studied the relation of the growth of
soybean to the amount and form of Fe in several types of
cultural solutions. The iron compounds used were ferric
glycerophosphate, soluble ferric phosphate, ferric tartrate,
and ferrous tartrate. Considering that the availability to the
plant of Fe in cultural solutions is closely correlated with
the solubility of the Fe compound in the solution, their data
suggest that in a general way ferric glycerophosphate could
be used to advantage in solutions in which the hydrogenion concentration is kept at a high level. Soluble ferric
phosphate and ferrous sulphate are not very usable when the
pH values approach the neutral point. In solutions of this
type they suggest that ferric tartrate should prove the most
effective source of Fe for the plant. Marsh and Shive further
found that if the Fe supply is adjusted from day to day, large
healthy plants are produced regardless of the type of cultural
solution or the iron compound used. The Fe in healthy plants
was present in a smaller percentage, based on dry weight,
than the chlorotic plants or those suffering from Fe toxicity.
The Fe in healthy plants although low in concentration seems
to be uniformly distributed throughout the stems and leaves,
while in the case of those suffering from toxicity of Fe it is
high in concentration. The Fe content of chlorotic plants is
low in the leaves but high in the stems. The authors suggest
that in order to maintain the plant in healthy green condition,
the supply of soluble Fe in the cultural solution must be
kept at as low a concentration as possible without inducing
chlorosis from lack of available iron. Address: Dep. of Plant
Physiology, New Jersey Agric. Exp. Station.
429. Willard, C.J. 1925. The time of harvesting soybeans
for hay and seed. J. of the American Society of Agronomy
17(3):157-68. March.
• Summary: “Contribution from Department of Farm Crops,
The Ohio State University, Columbus, Ohio...” When
should soybean be cut for hay? The earliest date that can be
considered is when the beans are at the “well formed stage”
when vegetative growth is completed; earlier cutting leads
to a loss of yield. The latest possible date is when the onefourth of the leaves appear yellow; at that point the greatest
dry weight is obtained but the hay is difficult to cure. “The
maximum green weight is reached one or two weeks earlier
than the maximum dry weight.”
When should soybeans be harvested for seed? At “any
stage in which it is practical to cure them for seed under
corn-belt conditions. In the South, where soybeans are cured
on frames, they are sometimes cut when only half the leaves
have fallen, in order to avoid the loss from shattering when
cutting with a mowing machine, and to improve the feeding
value of the straw.” About 40% of the mature crop is seed.
“These conclusions apply to soybeans of the determinate
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high-seed-producing type such as Manchu, Midwest, Ito San,
and Mammoth. It is probable that they apply in general to
vining varieties such as Wilson, Arlington, and Virginia, but
this has not been determined.”
The study includes tables showing yields of soybeans
at different periods of maturity, 1919-1922; and other data
concerning soybeans at different periods of maturity, 19191922. Address: Asst. Prof., Ohio State Univ., Columbus,
Ohio.
430. Ginsburg, J.M. 1925. Composition and appearance of
soybean plants grown in culture solutions each lacking a
different essential element. Soil Science 20(7):1-13. July. [20
ref]
• Summary: The total ash content of soybean plants grown
in culture solutions lacking magnesium, sulfur, or iron
was considerably higher, and of plants lacking calcium,
phosphorus, potassium or nitrogen much lower, than that
of the control plants, the lowest ash content being shown
in absence of calcium. There was no definite relationship
between ash content and yield of dry matter. The plants from
all the incomplete solutions, except those without calcium
and without sulfur, absorbed more calcium than the control
plants, variations in the amount of calcium taken up being
very marked. Where calcium absorption was high, absorption
of magnesium and nitrogen was low and vice versa,
relative to the absorption by the control plants. Pathological
conditions were most pronounced in absence of calcium,
followed in order by absence of nitrogen, potassium,
magnesium, sulfur, iron, and phosphorus. Sodium appears
to replace potassium only to the time of flowering. Plants
without phosphorus produced non-viable seeds. Address:
Dep. of Plant Physiology, New Jersey Agric. Exp. Station.
431. Yamaha, G.; Sinotô, Y. 1925. On the behavior of
the nucleolus in the somatic mitosis of higher plants,
with microchemical notes. Botanical Magazine (Tokyo)
39(464):205-19. Aug. [74* ref. Eng]
• Summary: The diploid chromosome number of the
soybean (Glycine Soja, Benth.) was found to be 38 (2n =
38). Illustrations 1-13 (p. 208) show changes in the nucleolus
during somatic mitosis in various Japanese soybean varieties.
The peanut is shown in figs. 22-23.
Note: This is the earliest document seen (July 2021)
that uses the word “chromosome” (or “chromosomes”)
in connection with the soybean. Address: Dep. of PlantMorphology and of Genetics, Botanical Inst., Faculty of
Science, Tokyo Imperial Univ.
432. Karpechenko, G.D. 1925. [On the chromosomes of
Phaseolinae]. Trudy po Prikladnoi Botanike, Genetike i
Selektsii (Bulletin of Applied Botany, Genetics and Plant
Breeding, Leningrad) 14(2):143-48. [7 ref. Rus; eng]
• Summary: The English-language summary states: Soja

hispida, a plant akin to Phaseolinae displays a diploid
number of chromosomes–40 (fig. 12, p. 144).”
Note: The author was the first to report that the diploid
chromosome number of Soja hispida (Moench) was 40. Soon
confirmed by Kawakami (1930), Fukuda (1933), Veatch
(1934), and Karasawa (1936).
The English-language summary begins: “Karyological
investigations of Phaseolus vulgaris, multiflorus, lunatus,
Mungo, acutifolius, aureus, angularis [azuki], trilobus,
Dolichos Lablab, Vigna catiang, and Vigna unguiculata
have shown that all these species have a diploid number of
chromosomes–22.” Thus, the author also found 22 diploid
chromosomes in the azuki bean. Address: Plant-breeding
station, Agricultural Academy, Moscow, PetrovskoeRasumovskoe.
433. Miller, E.C. 1925. Relative transpiration in crop plants
(unpublished data).
• Summary: Different plants exposed to the same
environmental conditions do not have the same rate of
transpiration. In observations of corn, milo, pumpkin,
cowpea and Midwest soybean plants, Miller gathered data on
3 different days in mid-July and for 7 hours during the day
and 17 hours during the evening and night. He also collected
data per plant and per square meter of leaf surface.
A table in Miller (1931, p. 316) shows that corn had the
highest relative transpiration rate per plant and cowpeas had
the lowest. Soybeans were next to lowest. Address: Kansas
Agric. Exp. Station, Manhattan, Kansas.
434. Kellerman, K.F. 1926. A review of the discovery of
photoperiodism: The influence of the length of daily light
periods upon the growth of plants. Quarterly Review of
Biology 1(1):87-94. Jan. *
• Summary: A good review of research on the subject.
Address: Bureau of Plant Industry, United States Dep. of
Agriculture.
435. Plant Physiology 1926. Foreword. 1(1):1-2. Jan.
• Summary: “With this issue, Plant Physiology takes its
place among the American journals published in the interests
of botanical science. The editors conceive their task as one
of devoted service to the whole field of plant physiology; and
it is the hope of those who are guiding the first steps in this
service that all plant physiologists may find this journal a
useful medium for the publication of important fundamental
contributions to our knowledge of plant behavior. We take
this occasion to invite constructive criticism and suggestions
for the improvement of the journal.
“Science is coming to occupy an ever greater and greater
place in the affairs of mankind. It exists, indeed, solely for
the service of humanity, using the term service in its broadest
possible sense; and its chief service is to give a democratic
people control over all the forces of nature for the benefit of
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society as a whole... The Editors.”
Note: This excellent peer-reviewed journal is published
by the American Society of Plant Physiologists. A book titled
History of the American Society of Plant Physiologists, by
J.B. Hanson was published in 1989. Website: aspb.org.
The complete archive of Plant Physiology is available
free of charge from a home computer from here: https://
www.ncbi.nlm.nih.gov/pmc/journals/69/
To search the complete archive of Plant Physiology go
to academic.oup.com/plphys
436. Ginsburg, Joseph M.; Shive, John W. 1926. The
influence of calcium and nitrogen on the protein content of
the soybean plant. Soil Science 22(3):175-97. Sept. [54 ref]
• Summary: “The purpose of these experiments is, therefore,
two-fold: First, to determine whether there exists a definite
relation between calcium and nitrogen in plant metabolism.
Secondly, to ascertain whether the increased nitrogen found
in plants as a result of lime application is in the form of
protein or nonprotein nitrogen.”
Soy bean plants grown in limed and unlimed soils, in
soil extracts with calcium carbonate, and in complete culture
solutions containing varying concentrations of calcium and
nitrogen, were analyzed for protein nitrogen, total nitrogen,
calcium, and magnesium. There was a definite correlation
between calcium in culture solutions and the calcium content
of the resultant plants. No definite correlation was observed
in the case of nitrogen. Plants showed a higher nitrogen
content, however, where calcium carbonate had been
added to the medium. Calcium as chloride or nitrate had no
influence on the total nitrogen or protein content. High total
nitrogen was associated with low hydrogen-ion concentration
in the medium. The increased rate of nitrogen absorption
in the presence of calcium carbonate had no effect on the
protein content. Plants grown with calcium chloride or nitrate
required less iron than those grown with calcium carbonate.
The plants grown in soil were similar in composition to
those grown in culture solutions, but calcium carbonate had
a more marked accelerating effect on plant growth in the soil
cultures. Address: New Jersey Agric. Exp. Station.
437. Deuber, Carl G. 1926. Influence of mineral elements
upon development of chloroplast pigments of soy beans.
Botanical Gazette 82(2):132-53. Oct. Based on his 1925 PhD
thesis, Univ. of Missouri. [27 ref]
• Summary: He grew plants of corn, cowpea, soy bean and
Spirodela in nutrient solutions containing a magnesium salt
of pyrrolecarbonic acid substituted for iron. In no case did
this compound prevent chlorosis of the leaves of the plant.
He found further that the pyrrole salt in concentrations of
0.001 to 0.250 gm per liter was toxic to the plants used...
“Soy bean plants were grown in nutrient solutions in
which the concentrations of iron, potassium, and sulphur
contents were varied.”

Deuber, in using potassium ferrocyanidein
concentrations equal to 0.033 and 0.066 ppm. of iron noted
that the higher concentration produced a stoppage of growth
in soybeans. Ferric ferrocyanide was a satisfactory source of
Fe when the solution had a reaction of pH 5.0 but at a less
acid reaction growth of these plants, and the chlorophyll
development were restricted.
In the soybean, the chloroplast pigments increased
with the increasing concentrations of iron and sulphur in
the cultural solution. Address: Yale Univ., New Haven,
Connecticut.
438. Garber, R.J.; Odland, T.E. 1926. Natural crossing
in soybeans. J. of the American Society of Agronomy
18(11):967-70. Nov. [3 ref]
• Summary: “The soybean plant is naturally self-pollinated,
although cross pollination occurs.” Segregation as to seed
coat color is recorded in eight natural hybrids. Address: West
Virginia Agric. Exp. Station, Morgantown, WV.
439. Leonard, Lewis T. 1926. A preliminary note on the
relation of photosynthetic carbohydrate to nodule formation
on soybeans. J. of the American Society of Agronomy
18(11):1012-16. Nov. [1 ref]
• Summary: “Factors which stimulate or retard nodule
formation on the roots of leguminous plants are many and
varied, but considered as a whole the generally accepted
opinion is that conditions which favor the growth of the host
plant are favorable to the bacteria associated with it and vice
versa.
“Conclusion: This preliminary work indicates that
nodule formation on certain varieties of soybeans is
intimately connected with the carbohydrate-forming function
of the plant, so much so that nodules will form sparingly
or not at all when insufficient light, carbon dioxide, or
chlorophyll excessively diminishes the capacity of the
plant to produce the proper carbohydrate.” Address: Soil
Bacteriology and Plant Nutrition Investigations, Bureau of
Plant Industry, USDA, Washington, DC.
440. Popp, Henry W. 1926. Effect of light intensity on
growth of soy beans and its relation to the autocatalyst theory
of growth. Botanical Gazette 82(3):306-19. Nov. [3 ref]
• Summary: “The effect of different light intensities on the
growth of soy beans was studied by growing four different
varieties under six different light intensities, averaging 4285,
1536, 560, 390, 250, and 26 foot-candles respectively. The
results were as follows:
“1. The lower the light intensity, the more rapid was the
rate of stem elongation during the initial period of growth.
“2. The greatest general height was attained by plants
under a light intensity averaging 560 foot-candles, and the
lowest under an average intensity of 26 foot-candles.
“3. The thickness of the stems was directly proportional
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to the light intensity, being greatest under 4285 foot-candles
and least under 26 foot-candles.
“4. In general all of the plants were unusually long
stemmed. Those receiving the greatest amount of light were
the most vigorous, produced the best leaves and color, and
the best fruit. There was a gradual decrease in vigor, etc.,
with decreasing light intensity. Plants grown under 26 footcandles were completely etiolated and died within three to
four weeks.
5. Twining occurred in all plants under light intensities
between 250 and 1536 foot-candles, but not under 4285
foot-candles nor under 26 foot-candles. Soy beans apparently
have a latent factor for twining which is associated with stem
length and thickness. Thick stems require a greater length for
twining than thin ones, but in no case did twining occur in a
stem less than 35 cm. high.
“6. The curves of growth in length of all plants except
those in the darkest compartment followed the general curve
of a monomolecular autocatalytic reaction. The autokinetic
phase of the curves appeared to be associated with the
initiation and development of independence in the seedling
brought about by the ascendency [sic] of photosynthesis,
while the falling off in rate during the latter part of the
autostatic phase was caused by the development of flowering
and fruiting.” Address: Pennsylvania State College, State
College, PA.

beans on July 10-11, July 12, July 17-18, and July 24.
A large table (p. 530) shows these variations for
soybeans, cowpeas and garden beans. Address: Kansas
Agric. Exp. Station, Manhattan, Kansas.
444. Stark, Orton Kirkwood. 1926. The protein metabolism
of the soybean. PhD thesis, University of Illinois at UrbanaChampaign. 16 p. In: Library of Congress. Catalog Div. A
List of American Doctoral Dissertations Printed in 19121932. 1927. *
Address: Univ. of Illinois.

442. Hafenrichter, Atlee Lawrence. 1926. The respiration of
the soybean. PhD thesis, University of Illinois at UrbanaChampaign. 28 p. In: Library of Congress. Catalog Div. A
List of American Doctoral Dissertations Printed in 19121932. 1928. *
Address: Univ. of Illinois.

445. Collings, Gilbert H. 1927. Influence of boron on the
growth of the soybean plant. Soil Science 23(2):83-105. Feb.
[20 ref]
• Summary: Experiments are described on the effect of
boron on the germination and growth of soybeans in water,
sand, and soil cultures. In water culture, 0.4-0.5 mg of
boron per liter of nutrient solution is toxic to soybeans in
the seedling stage, and concentrations as low as 0.1-0.2 mg
per liter cause characteristic injury to the leaves of older
plants. The toxicity is practically the same whether the boron
is present as boric acid or as potassium or sodium borate.
Boron is not necessary for the growth of seedling soybeans,
nor for the production of mature plants. In sand cultures,
germination is delayed or inhibited by the presence of boron.
In sand and soil cultures, injury to the leaves and a reduction
of dry weight of the plants was caused by the use of sodium
borate or its equivalent at the rate of more than 1 lb per acre.
No appreciable stimulation due to boron was noted with
soybeans grown in sand or soil, or with seedlings in water
culture, but with plants grown to maturity in water culture,
boric acid, and to a lesser degree sodium borate, exerted a
stimulating influence, which was greatest at 2.5 mg of boron
per liter of solution. Address: Dep. of Plant Physiology, New
Jersey Agric. Exp. Station.

443. Miller, E.C. 1926. Daily variation of the nitrogen in the
leaves. Unpublished data.
• Summary: In Miller’s 1931 book Plant Physiology (p.
529-30) we read: “Miller (1926) studied the daily variation
of the total nitrogen in the leaves of various crop plants. The
nitrogen was determined in percentage of the dry weight, and
the results were reduced to the amount of nitrogen per unit of
leaf area. A small portion of the data obtained in 1925 for the
leaves of soybeans, cowpeas, and garden beans is shown in
the table on page 682.
“In 18 observations for soybeans in 1925, the total
nitrogen content of the leaves expressed as grams per square
meter of leaf at 8 p.m. showed fifteen times an increase and
four times a decrease over the amount present at 8 a.m. The
average nitrogen content of the leaves for the 18 cases at 8
p.m. showed an increase of 5.9 ± 0.9 per cent of the nitrogen
content at 8 a.m.” Also gives data for cowpeas and garden

446. Nightingale, G.T. 1927. The chemical composition
of plants in relation to photoperiodic changes. Wisconsin
Agricultural Experiment Station, Research Bulletin No. 74.
68 p. Feb. [66 ref]
• Summary: Under “Experimental data: experiment I” we
read (p. 18): “On February 10, 1922, Silver Hull buckwheat,
Wisconsin Early Black soybeans, and Scarlet Turnip White
Tip Early radish were planted in two groups in a green-house
bench containing rich, sandy loam. At the same time some
salvia plants, which were about four inches tall and with
no external signs of buds or blossoms, were set in the same
bench.”
“Soybeans (Wisconsin Early Black). The short-day
soybean plants were very weakly vegetative, yellow in color
and eight weeks after coming above the ground they were
only four to six inches tall. The long-day plants were very
dark green, vigorously vegetative, and before this experiment

441. Gilbert, B.E. 1926. Annals of Botany (London) 40:31520. *
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was discontinued grew to be over three feet tall. Neither
long-day nor short-day plants produced blossoms (Fig. 3).
Microchemical observations showed that the short-day plants
had an abundance of nitrates, some sugar, and a very big
excess of starch. The long-day plants had as abundance of
nitrates. Proportionally, sugar and starch were very low.”
Address: Formerly of the Horticultural Dep., Wisconsin
College of Agriculture, but now at New Jersey Agricultural
Exp. Station, New Brunswick.
447. Rayner, M.C. 1927. Mycorrhiza–Chapter IX. New
Phytologist (London) 26(1):22-45. March 4. Reprinted as a
book in 1927 by Cambridge University Press.
• Summary: A good review of the early literature.
Contents: “Mycorrhiza” in Bryophyta: fungus infection
in Liverworts; Nemêc; Stahl; Gallaud; Cavers; Ridler;
Bernard; Magrou; the characters of the fungi concerned–
Infection in Mosses–Mycorrhiza in the Pteridophyta;
Equisetales–Lycopodiales–The gametophyte of Lycopodiuin;
historical: Treub: Bruchmann: Lang–Psilotum: Shibata–
The Sporophyte of Lycopodium–Ophioglossales–Filicales;
Marattiaceae–Filices; fungus infection in Osmundaceae,
Gleicheniaceae and Cyatheaceae–The absence of mycorrhiza
in Polypodiaceae–New records of its occurrence in Aspidium
and Pteridium.
Soybeans are not mentioned.
448. Rayner, M.C. 1927. Mycorrhiza–Chapter X. New
Phytologist (London) 26(2):85-114. May 23. Reprinted
as a book in 1927 titled Mycorrhiza: An account of nonpathogenic infection by fungi in vascular plants and
bryophytes.
• Summary: A good review of the early literature.
Contents: Tuberisation: The association of root nodules
or tubercles with fungus infection–Historica–Nodules of
leguminous plants: early views–Root nodules of Alnus,
Eleagnus, Myrica, Ceanothus: early observers; Bottomley;
Spratt–The root tubercles of Cycads–Root nodules of
Podocarpus and other Conifers: Spratt; McLuckie; Yeates.
The tuberisation theory: Bernard; Magrou.
Pages 87-88: “When Hellriegel and Wilfarth brought to
a close a long series of experiments dating back to 1862 and
put forward their new hypothesis respecting the nitrogenassimilating powers of leguminous species, they established
experimentally two essential facts. One, the direct relations
between nodule formation and the ability of legumes to
utilise atmospheric nitrogen: the other, the dependence of
the nitrogen-fixing capacity on the activities of organisms
present in the nodules.
“It is outside the scope of the present review to attempt
a survey of the voluminous literature dealing with the
root nodules of leguminous plants. Some mention of the
subject is called for in an historical account of work on
root infection, because the earlier observers commonly

attributed the formation of root nodules–whether by
members of Leguminosae or of other groups–to endotrophic
fungus infection similar to that in mycorrhizas. Of recent
publications dealing with various aspects of the subject may
be mentioned papers by Spratt (1919), Lohnis and Hansen
(1921), Bewley and Hutchinson (1920), and Wright (1925).”
Soybeans are not mentioned.
449. Ames, J.W.; Gerdel, R.W. 1927. The seedling plant
method of determining soil nutrient deficiency. Soil Science
23(6):455-66. June. See p. 462-63, 465. [21 ref]
• Summary: “Since the beginning of agricultural research,
the problem of determining plant nutrient deficiencies in
the soil has been of major important.” Even today, there
is no known method which is both accurate and generally
applicable.” There follows a review of the literature.
“Conclusions: 1. An investigation of the seedling plant
method of determining the available soil nutrients indicates
that the method devised by Neubauer is not generally
applicable.
“2. No one plant has been found which will indicate
availability for all kinds of crop plants.
“3. The error between duplicate pots is often of the same
magnitude as the difference between the various soils under
investigation.” Address: Ohio Agric. Exp. Station.
450. Cole, L.J.; Lindstrom, E.W.; Woodworth, C.M. 1927.
Selection for quality of oil in soy beans. J. of Agricultural
Research 35(1):75-95. July 1. [18 ref]
• Summary: Contents: Introduction. Plan of the selection
experiment. Analytical methods. Field methods. Chemical
composition of the soy bean. Previous work on the heredity
of chemical characters. Experimental results of selection for
oil quality (Named varieties: Wisconsin, Brown, Illinois,
Yellow). Variability in iodine values during the process of
selection. Relation between quantity and quality of oil in
selection experiments. Discussion. Summary.
In recent years, soy-bean oil has become an important
factor in the paint industry, since it is presently much cheaper
to use than linseed oil. Its drying quality is, however, lower
than that of linseed oil, and breeding experiments have been
made in an effort to increase the drying quality of soybean
oil.
This experiment was begun in 1912, with a single soybean plant. After 8 years, the entire progeny could be traced
back to this single plant. Linseed oil has an average iodine
number of 180, while commercial soy-bean oil averages
less than 128. “The average iodine value of soy-bean oil can
probably be given as 128 to 130.” “The soy bean averages 17
to 18 per cent oil... At present oil mills are expressing only
70 to 75 per cent of the oil contained in the beans. By the
proper use of a solvent, such as benzol, practically all of the
oil might be removed.” The soy-bean oil industry is presently
located in the southern states, where cotton mills are used for
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expressing the oil.
The oil of the soy bean is classed as a semidrying
oil, being more efficient than cottonseed oil and less so
than linseed oil. After treatment with certain driers, it is
satisfactorily mixed with linseed oil if the proportion of soybean oil does not exceed 20 to 25 per cent.”
Selective breeding from a commercial variety of soy
bean (Soja max) resulted in the isolation of 2 definite
strains–a tall, late type, bearing oil with iodine value 133.7,
and a dwarf early type, with oil of iodine value 124.9. High
iodine values in soy bean oil appear intimately connected
with late maturity in the plant, but no constant relationship
exists between the amount of oil in seeds and its iodine
value. Also, no correlation exists between the quality of
oil from soy plants and the yield per plant. The quantity
of oil produced cannot be markedly increased by selective
breeding.
The soy bean plant is not well adapted to hybridization
methods of breeding, primarily because of the small size of
the flower, which renders crossing operations very difficult–
but reduces chances for contamination by cross-pollination
of insects. Address: Wisconsin Agric. Exp. Station.
451. Dane, H. Rebecca. 1927. The effect of ultraviolet
radiations upon soy beans. Science 66(1699):80. July 22.
• Summary: The plants were irradiated by an air-cooled
quartz mercury lamp. “The first outstanding result noted
was that the longer the exposure the shorter the plant, that
is, in successive experiments as the length of exposure was
increased the internodes of the plant became shorter. The
stems were very brittle and the leaf tissue very stiff and rigid.
“The internal changes were equally interesting. The
stems of irradiated plants were approximately one and
one half times as large in diameter as the control plants.
There was also a reduction of the number of medullary
rays in irradiated plants, so that these plants tend to show
that the meristematie tissues remain active for a very much
longer period of time than in the control plants. The cells
of the medullary rays under ordinary conditions remain
parenchymatous but in irradiated plants have gone further
and developed into xylem and phloem. Furthermore, because
of differential growth the steams became hollow.”
A detailed report of this experiment will be prepared
later. Address: Univ. of Chicago, Illinois.
452. Hartwell, Burt L.; Damon, S.C. 1927. The degree
of response of different crops to various phosphorus
carriers. Bulletin (Rhode Island State College Agricultural
Experiment Station) No. 209. 19 p. July.
• Summary: “This experiment was begun in 1894. The
present bulletin contains the results from 1914 to 1925.”
Fifteen different crop plants were grown.
“Relatively, beets, cabbages, rape, and rutabagas were
high phosphorus-response crops; that is, they were not

successful in supplying their needs from the soil itself.
In opposition to the preceding, carrots, millet, potatoes,
tomatoes, and spring wheat were low phosphorus-response
crops; leaving soy beans, corn, and oats as intermediate.”
Address: PhD, Director of the Station, Agronomy, Animal
Breeding and Pathology.
453. Stark, Orton K. 1927. The protein metabolism of the
soybean. American J. of Botany 14(9):532-47. Nov. Based on
his 1926 PhD thesis, Univ. of Illinois. [28 ref]
• Summary: Contains a review of the literature. Stark found
in the seedlings of Manchu soybeans grown at 20ºC. that the
alpha-amino nitrogen increased from 1.86 per cent of the
total nitrogen at the age of 1 day to 23.2 per cent at the end
of 39 days. In the case of the Midwest variety, the increase
was from 2.1 to 17.8 per cent.
These data indicate that the proteins in the seed are
broken down into amino acids, which are translocated to the
plumules and roots as rapidly as they are formed. Address:
Dep. of Botany, Univ. of Illinois.
454. Rosenfels, Richard S. 1927. The relation of length of
day to growth expression and chemical constitution in the
soy bean. BSc thesis, Botany Dep., University of Wisconsin.
*
Address: Oak Park, Illinois.
455. Borst, Harold Lamont. 1927. Life history of the soybean
as related to date and rate of planting. PhD thesis, Ohio State
University–Wooster. 96 p. In: Library of Congress. Catalog
Div. A List of American Doctoral Dissertations Printed in
1912-1932. 1932. [28 ref]
Address: Ohio State Univ.–Wooster.
456. Chepurkovsky, E.M. 1927. Zametka o biologicheskam
sposobe razlicheniya porod soevykh bobov [Notes on the
biological means of distinguishing soya beans]. Vestnik
Manchzhurii (Manchuria Monitor) (Chinese Eastern
Railway) No. 7. p. 67. Russian edition. [6 ref. Rus]
• Summary: A brief annotated bibliography. Address:
Manchuria.
457. Oathout, Charles Hubert. 1927. The vitality of soybean
seed as affected by storage conditions and mechanical injury.
PhD thesis, University of Illinois at Urbana-Champaign. 19
p. In: Library of Congress. Catalog Div. A List of American
Doctoral Dissertations Printed in 1912-1932. 1928. *
Address: Univ. of Illinois.
458. Powell, Fred Wilbur. 1927. The Bureau of Plant
Industry: Its history, activities, and organization. Baltimore,
Maryland: The Johns Hopkins Press. 121 p. Index. 23 cm.
Institute for Government Research (Washington, DC).
Service Monographs of the United States Government No.
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47. [185 ref]
• Summary: Contents: Foreword. 1. History: Anticipatory
period, prior to 1839, preliminary period 1839-1862,
formative period 1862-1901, period of development, since
1901.
2. Activities: Plant nutrition investigations, seed
introduction (new and rare seed distribution, seed testing),
foreign plant introduction, plant breeding and selection,
promotion of improved cultural methods, promotion of
improved methods of handling of crops, promotion of
utilization of plants and plant products, investigations in
systematic botany, general physiological and fermentation
investigations, ecological investigations, biophysical
investigations, investigations in plant diseases.
3. Organization: General administration, scientific
offices (incl. seed laboratory, foreign plant introduction, crop
physiology and breeding, horticulture, forage crops, drug,
poisonous, and oil plants, plant geography and physiology,
botany, nematology, biophysical laboratory, pathological
laboratory, mycology and disease survey, vegetable
and forage diseases, gardens and grounds, Arlington
Experimental Farm).
Appendix: 1. Outline of organization. 2. Classification
of activities. 3. Publications. 4. Field stations. 5. Laws. 6.
Financial statements. 7. Bibliography.
“History. The Bureau of Plant Industry, one of the
scientific branches of the Department of Agriculture, was
organized in 1901... through the combination of six divisions
concerned with the problems of plant life in its relations
to agricultural production and utilization... Following the
example of [Benjamin] Franklin, who served in England
from 1764 to 1775 as agent of the colony of Pennsylvania,
American naval and consular officers adopted the practice of
sending home seeds and cuttings of foreign plants with the
idea of introducing new varieties in this country. This was
left to the initiative of individual officials until 1819, when
William H. Crawford, Secretary of the Treasury, addressed
a circular letter to American consuls, requesting them to
send to collectors of ports, useful plants and seeds for
distribution...
“In 1836 the Commissioner of Patents, Henry L.
Ellsworth, on his own initiative and independently of his
office, undertook to distribute seeds and plants of foreign
origin to farmers throughout the country, using for the
purpose the franks of certain Congressmen; and in his annual
report for 1837 he urged the creation of an agency to receive
and distribute such materials and the encouragement of
agriculture in other ways...
“The result of this suggestion was an act passed in 1839
(Act of March 3, 1839) granting an appropriation of $1000
‘out of the patent fund to be expended by the Commissioner
of Patents in the collection of agricultural statistics and for
other agricultural purposes.’ A part of this appropriation was
expended in collecting and distributing seeds, a service for

which Congress first made specific provision in 1852...
“In 1862 (Act of May 5, 1862) the Department of
Agriculture was created as an independent establishment
under a Commissioner reporting to the President and to
Congress. The first Commissioner of Agriculture was Isaac
Newton of Pennsylvania...
“In 1865 an experimental farm was established in
Washington [DC] on a tract of approximately forty acres
at Twelfth and B Streets, N.W... By act of March 3, 1899,
the Secretary of War was authorized to grant from year to
year, permission to the Department of Agriculture to use
temporarily as testing grounds, a maximum area of seventyfive acres in Potomac Park. As early as 1890 (Act of July 14,
1890), an appropriation had been granted for the preparation
of such tract of not over eighty acres in the Arlington estate
in Virginia... By act of April 18, 1900, Congress transferred
to the Secretary of Agriculture about four hundred acres
of this estate for use as ‘a general experimental farm in
its broadest sense.’... About the end of the year [1900] the
Office of Seed and Plant Introduction was separated from the
Division of Botany and made an independent office.”
“In his report for the fiscal year 1900 the Secretary of
Agriculture stated that ‘four Divisions of the Department
closely allied by the nature of their work, have become
affiliated and have perfected arrangements for a close
coöperation and union along the lines set forth. To this
association I have given the name of the Office of Plant
Industry.’ This change received legislative sanction the
following year, when in the agricultural appropriation act
for 1902 (Act of March 2, 1901; 31 Stat. L., 922, 926),
the Bureau of Plant Industry was created to centralize and
develop the work which had been done by the Divisions of
Botany, Pomology, Vegetable Physiology and pathology,
Agrostology, Gardens and Grounds and Seeds. By executive
order the Arlington experimental farm, the investigations in
the production of domestic tea, the work on foreign seed and
plant introduction, and the congressional seed distribution
were incorporated in the new Bureau.”
The section titled “Foreign plant introduction” (p.
17) lists “soy beans” as one of the plants introduced. Also
discusses: Arlington Experimental Farm (p. 9-10, 42, 75, 8990). Foreign seed and plant introduction (p. 1-4, 8-11, 16-18,
38, 47-49, 80, 87, 92-94, 98-99). Address: Editor, The Inst.
for Government Research, Washington, DC.
459. Read, Bernard E.; Liu, Ju-ch’iang. 1927. Flora Sinensis.
Series A. Volume 1. Plantae medicinalis Sinensis. 2nd
ed. Bibliography of Chinese medicinal plants from the
Pen Ts’ao Kang Mu... 1596 A.D. Peking, China: Dept. of
Pharmacology, Peking Union Medical College. xi + 106 p. In
collaboration with the Peking Laboratory of Natural History.
[39 soy ref. Eng; chi]
• Summary: References related to soybeans are given in
the chapter on Leguminosae under the genus Glycine on p.
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A.I.30. References are given for the soybean (ta tou or huang
ta to), the wild soybean (pai tou), soy bean sauce (chiang),
bean curd (tou fu [tofu]), bean ferment (tou huang), bean
relish (ta tou ch’ih [fermented black soybeans]), and bean
sprouts (ta tou huang chüan).
Also discusses kudzu (ko, 1: #372 “Pueraria hirsuta
Schneid.”), which is reported to grow in the provinces
of Chihli, Shantung, Kiangsi, Kwangtung, Chekiang and
Hupeh. Address: 1. Prof. and Head of; 2. Asst. of. Both: Dep.
of Pharmacology, Peking Union Medical College, Peking,
China.
460. Skvortzow, B.V. 1927. [The soy bean–Wild and
cultivated in Eastern Asia]. Vestnik Manchzhurii (Manchuria
Monitor) (Chinese Eastern Railway) No. 9. p. 6-10. English
edition; p. 35-43. Russian edition. (From materials furnished
by the M.R. S-ty). [Rus; eng]
• Summary: Contents: Introduction. The soy bean–its
[botanical] history. Soy bean–wild and semi-cultivated
varieties (Wild variety–Glycine soja Sieb. et Zucc). Soy
bean, semi-cultivated (Glycine gracilis sp. nov.; with 4
varieties). Soy bean, pubescent–Glycine tomentosa Bentham
and others. Cultivated variety of the soy bean Glycine
hispida Maxim.: Leaves, pubescence, calyx, corolla, the
stamens, colouration, pollination, pods, seeds.
Note: The Russian version (pages 35-43) of this article
contains many fine illustrations showing the different soy
bean species and varieties. This document (and its Russian
original) are the earliest documents seen that mention
Glycine gracilis. Address: Manchuria.
461. Skvortzow, B.V. 1927. [The soy bean–Wild and
cultivated in Eastern Asia]. Vestnik Manchzhurii (Manchuria
Monitor) (Chinese Eastern Railway) No. 10. p. 20-25.
Russian edition. (From materials furnished by the M.R.
S-ty). [47 ref. Rus]
• Summary: Contains numerous excellent photos and
illustrations of soybean plants and seeds. The seed
illustrations are accompanied by Chinese characters plus the
name in Russian. Address: Manchuria.
462. Skvortzow, B.V. 1927. The soy bean–Wild and
cultivated in Eastern Asia. Vestnik Manchzhurii (Manchuria
Monitor) (Chinese Eastern Railway) No. 11. p. 1-4. English
edition. (From materials furnished by the M.R. S-ty). [Eng]
• Summary: The soy bean has been subjected to many
classifications. Contents: Classification of soybeans by the
Chinese: 1. Seeds yellow, named “Huan-tou.” A. White
hilum, named “pai-mei” or white eyebrow. A. Golden
hued hilum, named “chin-huan” or golden round bean.
C. Black hilum, named “hei-chi” or black navel. 2. Seed
coat green, cotyledons yellow, named “P’i-ch’ing tou.” 3.
Seeds, epidermis, and cotyledons green, named “Ching-tou”
[Ch’ing-tou]. 4. Seeds black, cotyledons yellow, named

“Hei-tou.” 5. Seeds black, cotyledons green, named “Wutou.” 6. Seeds tawny, named “Chi-tou.” 7. Seeds spotted,
variegated, named “Pan-tou.”
Classification by Martens (1869) divides the Soya
hispida Moench species into three sub-species by seed shape,
and 13 varieties by seed color. Classification by Harz (1880)
based upon the form of the pod and the structure and color of
the seeds. He divides the soybean into two species (pods flat,
and pods swollen), and numerous sub-species. Classification
by Tanaka (Japanese), 13 species based upon the color of the
pods and seeds plus the period of maturity. Classification by
Jamasito Vakindo (Japanese), who divided soybeans into 3
main groups (pure forms, mixed, abnormal) and 150 species.
Novel classification by the author, based on the structure of
the stem, leaf, flower clusters, blossoms, pods, and seeds,
plus pubescence. This yields 31 varieties, each of which is
described. Address: Harbin, China (Manchuria).
463. Webster, James E. 1927. Nitrogen metabolism in the soy
bean. PhD thesis, Ohio State University. 38 p. [30 ref]
• Summary: For a good summary, see Plant Physiology, Jan.
1928. Address: Ohio State Univ., Columbus, OH.
464. Wilson, Harold Kirby. 1927. Wheat, soybean, and oat
germination studies, with particular reference to temperature
relationships. PhD thesis, University of Illinois at UrbanaChampaign. 21 p. In: Library of Congress. Catalog Div. A
List of American Doctoral Dissertations Printed in 19121932. 1928. *
Address: Univ. of Illinois at Urbana-Champaign.
465. Rosenfels, Richard Samuel. 1927? A study of
photoperiodism in its effect on the carbohydrate nitrogen
ratio in the soy bean with special reference to production of
nodules. constitution in the soybean. Undergraduate thesis,
Botany Dep., University of Wisconsin. *
• Summary: Note: Richard S. Rosenfels was interested in
birds; the 1916 Illinois Audubon Bulletin shows that he and
3 other Rosenfels (Mr. Walter, Mr. Paul, and Miss Edith
H.) are members living together at 333 Linden Ave., Oak
Park, Illinois. Richard Rosenfels’ admission papers to the
Univ. of Wisconsin state: He was born on 20 Nov. 1905 in
Chicago, Illinois. Permanent home address: 333 Linden Ave.,
Oak Park, Illinois. His father’s and mother’s nationality is
both “American.” His father, I.S. Rosenfels, is Manager,
Advertising Dep., Sears Roebuck, Chicago. “Preparatory
schools attended: Oak Park & River Forest Township High
School, Oak Park, Illinois–from which he graduated in the
general course, Class of 1923.
The entry for Richard S. Rosenfels in the Univ. of
Wisconsin 1928 yearbook (p. 133) shows his portrait photo
and states that he graduated with his degree in 1927, is from
Oak Park, Illinois, and is majoring in botany.
The Report of the National Research Council (1932,
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p. 87) states that a NRC fellowship in Botany was awarded
to Richard S. Rosenfels. In 1936 Richard S. Rosenfels,
A.B., Ph.D. worked as Asst. Soil Expert for the USDA Soil
Conservation Service in New Brunswick, New Jersey.
He died in 1974 in Richland, Washington. Address: Oak
Park, Illinois.
466. Webster, James E. 1928. Nitrogen metabolism in the soy
bean. Plant Physiology 3(1):31-43. Jan. [15 ref]
• Summary: Analyses of high-nitrogen and low-nitrogen
series of soya-bean cultures showed that, in general, the
variations of the various types of nitrogen compounds in
the roots, leaves, and stems of any particular series are
similar. Leaves, stems, or seeds do not appear to draw on the
nitrogen reserve of the roots. Amino-acids having amidegroupings are no more important than other amino-acids in
protein metabolism, although amide-nitrogen may be one of
the most soluble storage forms. Ammonia is the first and last
product of plant metabolism. The various forms of nitrogen
fluctuate daily.
Note: This is the earliest document seen (June 2021)
that mentions soybeans in the journal Plant Physiology.
Address: Dep. of Agricultural Chemical Research, Oklahoma
Agricultural and Mechanical College, Stillwater, Oklahoma.
467. Beattie, Kent. 1928. Charles Vancouver Piper and the
flora of the Pacific Northwest. Proceedings of the Biological
Society of Washington 41:61-66. March 16. [46* ref]
• Summary: “Professor Piper’s studies of the flora of the
Pacific Northwest may be divided into three periods:” (1)
1883 to 1892 when he resided in Seattle; (2) 1892-1903
during which he was Professor of Botany and Zoology at the
State College of Washington at Pullman; and (3) 1903-1926
when he was connected with the USDA in Washington, DC.
“Even in his student days he had become a collector
of plants. Specimens are in herbaria gathered by him as
early as June, 1883. He became a member of the Young
Naturalists Club of Seattle. After his graduation he helped
his father in his business but devoted much time to botanical
exploration... In 1885 he was a member of the third party
ever recorded as having climbed to the summit of Mount
Rainier. The party consisted of eight men... and included the
naturalist John Muir.” His first article, entitled “A Mountain
Meadow,” was published in 1889.
“He spent the school year 1899-1900 at Harvard
University [in Massachusetts. Note: He was a fellow at
Harvard’s Gray Herbarium for one year]. During this year
he completed most of the work on his catalogue which was
published as volume 11 of the Contributions of the United
States National Herbarium.
“He believed that species were human concepts and
names were conveniences. Rules of nomenclature were
acceptable in so far as they were useful. He described and
published over 100 new species and varieties of plants.”

The genus Piperia was named after him. A considerable
number of species also bear his name. “Professor Piper was
not primarily a laboratory and herbarium man. He was a
field botanist. He knew and loved plants as they grew out of
doors.”
There follows a bibliography of his writings relating to
the Pacific Northwest, by Miss Mary R. Burr.
468. Makino, Tomitaro; Tanaka, Koichi. 1928. Nippon
shokubutsu shi: Kazoku kensaku [A manual of the flora of
Nippon]. Tokyo: NaiNihon Tosho. 13 + 53 + 15 + 864 p. See
p. 291. Illust. 19 cm. [Jap]
• Summary: Contains 212 illustrations. On page 291, under
the genus Glycine, are mentioned two species: Glycine Soja
Benth. (Japanese: daizu, ômame, miso mame, mame) and
Glycine ussuriensis Reg. et Maack. (Japanese: tsurumame,
nomame).
See also: Peanuts (Nankin mamé, Tojin mamé, p. 282).
Lupins (p. 282). Azuki (p. 293). Pueraria (kuzu, mamekuji,
makuzu, p. 299). Sesame (goma, p. 529). Address: Japan.
469. Owen, F.V. 1928. A sterile character in soybeans. Plant
Physiology 3(2):223-26. April. [2 ref]
• Summary: “In 1924 a progeny of Manchu soybeans was
found to be segregating for sterility. The segregation has
since proved to be very clear-cut and a single factor mutation
is held to be responsible for the results. Careful records
had also been taken of the parental plants for two previous
generations so it is quite certain that the origin was by
means of a genuine mutation and not merely a heterozygous
selection.
“The following results were obtained by growing seed
from the plant (No. 2675-11) which bore the first sterile
seeds.” A table shows the actual and calculated results.
“The segregation of the progeny happened to be almost
perfectly in line with expectation. Approximately two-thirds
of the normal segregates also proved to be heterozygous for
the sterility factor–in the next generation so there is little
doubt about the mode of inheritance.” Address: Wisconsin
Agric. Exp. Station.
470. Hafenrichter, Atlee L. 1928. The respiration of the soy
bean. Botanical Gazette 85(3):271-98. May. Based on his
1926 PhD thesis from University of Illinois. [38 ref]
• Summary: “Summary: 1. The two varieties of soy bean
used in this investigation were selected in such a manner that
the seeds varied in composition only quantitatively.
“2. It is shown by comparative study of the two varieties
that: (1) the rate of respiration, at all temperatures, varies
greatly during the development of the seedlings without
indication of periodicity; (2) there is a great difference
between the two varieties with respect to the intensity
and the fluctuation of the rate of respiration; and (3) the
maximum rate of respiration occurs early in the development

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 251
of the seedlings, with the exception of that of the Manchu
variety at 15ºC.
“3. Temperature has a great influence upon the degree
and relative rate of variation in respiration, but the effect is
not the same at different stages of development, nor is it the
same for each variety.
“4. The effect of temperature on respiration is as
markedly different in the two varieties as was that reported
by others for different species of plants.
“5. The conclusion of others, that differences in the
respiration of different plants can be explained on the basis
of quantitative differences in the reserve food materials, is
not supported by the results obtained in this investigation.
“6. Evidence is presented which supports the theory of
Pfeffer that plants show an ‘election’ of organic nutrients,
and the results of Pouriewitsch that this election is reflected
in respiration.
“7. Soy beans grown in the dark show a marked increase
in the rate of respiration preceding the complete exhaustion
of the plants. This has not been demonstrated previously.
“8. No direct relation between respiration and growth
seems to exist from the data obtained in this investigation.
“9. The accumulation of amino acids in soy bean
seedlings grown in the dark is incidental, rather than
necessary to respiration. No evidence was obtained, under
the conditions of these experiments, to support the theory
that the amino acids stimulate respiration.
“10. Evidence is presented to show that the changes
in the reserve food materials in developing seedlings is not
progressive and gradual, as heretofore has been supposed.”
Address: Baker Univ., Baldwin, Kansas.
471. Parker, F.W.; Pierre, W.H. 1928. The relation between
the concentration of mineral elements in a culture medium
and the absorption and utilization of these elements by
plants. Soil Science 25(5):337-43. May. [3 ref]
• Summary: “An experiment is reported in which corn was
grown in large volumes of culture solution, the phosphate
content of which ranged from 0.05 p.p.m. to 0.50 p.p.m.
PO4. The results indicate that corn will make maximum
growth at a concentration of 0.10 p.p.m. PO4 if that
concentration can be maintained throughout the growing
period.
“In a second experiment corn and soybeans were
grown in culture solutions which varied in potassium
concentration from 0.5 p.p.m. to 25 p.p.m. K. The results
obtained show that both crops will make maximum growth
at a concentration of 2.0 p.p.m. K or possibly less.” Address:
Alabama Polytechnic Inst.
472. Bonstedt, Kurt. 1928. Ueber einige Sterine des
Pflanzenreichs [On some sterols from the plant kingdom].
Hoppe-Seyler’s Zeitschrift fuer Physiologische Chemie
176:269-81. June 21. [3 ref. Ger]

• Summary: Among the plant sterols, the so-called
“Sitosterol” has the most widespread distribution. It is
very similar to cholesterol and is considered an isomer
of cholesterol. The aim of the present work is to further
investigate the relationships between these two sterols.
For that which is available to me as the starting material,
raw phytosterol from soybean oil, I want very much to
thank Hansa-Muehle G.m.b.H. of Hamburg. It was treated
after that specified method of Windaus and Hauth (2) and
could–however only after performing the bromination
twice–achieve separation of stigmasterol and sitosterol. The
stigmasterol content was determined to be about 25% (3).
Address: Aus dem Allgem. Chem. Universitaetslaboratorium
Goettigen [Germany].
473. Wilson, Harold K. 1928. Wheat, soybean, and oat
germination studies with particular reference to temperature
relationships. J. of the American Society of Agronomy
20(6):599-619. June. Based on his 1927 PhD thesis, Univ. of
Illinois. [29 ref]
• Summary: The Manchu, Virginia, and Wilson varieties
were selected as representative of yellow, brown, and blackseeded soybean varieties. Address: Univ. of Illinois, Urbana.
474. Oathout, C.H. 1928. The vitality of soybean seed as
affected by storage conditions and mechanical injury. J. of
the American Society of Agronomy 20(8):837-55. Aug. Based
on his 1927 PhD thesis, Univ. of Illinois. [20 ref]
• Summary: “The experiments presented in this paper fall
under two headings, viz., storage conditions affecting the
longevity of soybean seed and the effect of threshing injury
upon the longevity and vigor of soybean seed.” Mechanical
injury can take place during threshing, storage, etc. Address:
Dep. of Agriculture, Western Illinois State Teachers’ College,
Macomb, IL.
475. Lubimenko, V.N.; Szeglova, O.A. 1928. L’adaptation
photopériodique des plantes [The photoperiodic adaptation
of plants]. Revue Generale de Botanique 40:513-36, 577600, 675-84, 747-68. Sept. [86* ref. Fre]
• Summary: The Introduction begins: In recent times,
thanks to the initiative of the American authors, Garner and
Allard, the question relative to the specific action of the
periodicity of the light on the growth and the development
of the plants has been studied very much. It is known that
the prolongation or shortening of the clear 24-hour period
compared with the dark period of the day has an immediate
influence on the development of plants; in addition, the
different species showed a specific adaptation to the length of
the clear period. Having shown that certain species require a
long day, and others a short day, Garner and Allard proposed
using a special term, photoperiodism, to indicate the reaction
of the plant to periodicity of illumination.
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476. Skvortzow, B.W. 1928. New plants from North
Manchuria, China. Lingnan Science Journal 6(3):205-20.
Sept. See p. 212-18.
• Summary: During the past 5 years, the author has made
botanical excursions to various parts of North Manchuria.
Different varieties of soya beans listed were not only
collected but cultivated for several years in special plots
belonging to the botanical section of the Manchuria
Research Society at Harbin. Under Glycine hispida Max.,
the author described three new subspecies (Stricta, Lugulata,
Subvolubilis) and 36 trivial variants. He named them as
subspecies and varieties, then gave a detailed “key for the
determination of different varieties of G. hispida Max. F.J.
Hermann (1962) did not accept Skvortzow’s subspecies or
varieties.
Earlier in this article (#34, p. 212), the author named
Glycine gracilis as a new species. He also listed four
varieties of it–which have not been subsequently accepted.
Address: Harbin, Manchuria.
477. Tso, Ernest; Yee, Martin; Chen, Tung-Tou. 1928. The
nitrogen, calcium and phosphorus metabolism in infants fed
on soybean “milk.” Chinese J. of Physiology 2(4):409-14.
Oct. [10 ref. Eng; chi]
• Summary: “It has been demonstrated that infants even in
their first months of life thrive on a diet free of mammalian
milk (Tso 1928).” The basic constituent of this diet is in
artificial “milk” prepared from soybean (Glycine hispida)...
What is the co-efficient of digestibility of the bean “milk”
proteins? “What is the rate of storage of its protein nitrogen?
To what extent do the calcium and phosphorous contents
in the bean milk meet the requirement of a growing child?
Metabolism experiments have, therefore, been conducted in
an attempt to gather data on these points.”
An infant fed for 4-5 day periods on a daily ration
of “bean milk” (720 gm), sucrose (72 gm), and orange
juice (4 gm), showed satisfactory nitrogen absorption and
retention. The calcium and phosphorus absorption appeared
to be inadequate. The calcium content of soybean “milk” is
inadequate. The addition of cod-liver oil (10-15 gm) and a
small amount of calcium salt markedly enhanced not only
the calcium retention but also the phosphorus storage. The
phosphorus content of soybean “milk” is apparently adequate
but its utilization may be restricted by the limited calcium
intake.
Note: This is the earliest English-language document
seen (Aug. 2013) that contains the term ‘soybean “milk.”’
Address: Div. of Pediatrics and Dep. of Biochemistry, Peking
Union Medical College, Peiping.
478. Austin, Russell Hayden. 1928. The effect of soil type
and fertilizer treatment on the composition of the soybean
plant. PhD thesis, Michigan State University. 29 p. In:
Library of Congress. Catalog Div. A List of American

Doctoral Dissertations Printed in 1912-1932. 1931. *
Address: Michigan State Univ.
479. Hawks, Ellison; Boulger, G.S. 1928. Pioneers of plant
study. London: The Sheldon Press. 288 p.
• Summary: Includes a section on Linnaeus. Address:
England.
480. Miller, E.C. 1928. Some observations on the number of
stomata of crop plants (unpublished data).
• Summary: Miller observed the number of stomata of
various agricultural plants growing in the field during from
2 to 9 growing seasons. The results of the observations are
given in a 2-page table which has six columns and about 40
rows, one for each plant.
For Medium Yellow soybeans: Number of years
observed: 2, Average number of stomata, thousands per
square inch of leaf surface: Upper: 95. Lower: 107. Total:
202. Ratio of lower to upper: 1.126.
The ratio varies widely from 3.15 in potatoes (several
varieties) to 0.585 in Blackhull Wheat. Of the plants
observed, oats had the smallest number of stomata per unit of
area–54,000 per square inch–while cucumber had the largest
number–428,000 per square inch of leaf area. When stomata
occur on both upper and lower surfaces, the majority of
plants have more on the lower than on the upper surface. The
leaves of apple, peach and cherry showed no stomata on the
upper surface.
Note: In botany, stomata (pronounced STOH-muh-tuh)
are openings through which gases are exchanged. They are
the tiny openings in the epidermis of a plant, through which
gases and water vapor pass. Stomata permit the absorption
of carbon dioxide necessary for photosynthesis from the air,
as well as the removal of excess oxygen. Address: Kansas
Agric. Exp. Station, Manhattan, Kansas.
481. Webster, James E. 1929. Iodine value of fatty acids
from plant phosphatides. Ohio J. of Science 29(1):39-42. Jan.
[7 ref]
• Summary: “Vegetable phosphatides have been very little
investigated. Especially is this true of the fatty acids which
may be secured by the hydrolysis of plant phosphatides.”
Address: Dep. of Agricultural Chemical Research, Oklahoma
Agric. Exp. Station.
482. Japan Advertiser (Tokyo, Japan). 1929. Fruit and beans
lure scientists: American botanists here to study persimmon
and lowly soy bean. Would popularize them. State most
American flowers and ornamental shrubbery foreign in
origin. March 24.
• Summary: “Mr. P.H. Dorsett and Mr. W.J. Morse, two
American botanists who know as much about certain
plants and seeds as any other men alive, have set up their
headquarters in Tokyo and are ready to commence an
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extensive examination of Japan’s flora and fauna.”
“Mr. Dorsett is known officially as the persimmon
expert of the Bureau of Foreign Seed and Plant Introduction
of the United States Department of Agriculture, and Mr.
Morse is the soy bean expert of the same bureau.”
Mr. Morse hopes to find and send back to the United
States many new soybean varieties. He also hopes to learn
new ways of using the soybean, especially as human food.
Note: This is the earliest document seen (July 2009)
with the adjective “lowly” in the title, used to describe the
soy bean.
483. Erdman, Lewis W. 1929. The percentage of nitrogen
in different parts of soybean plants at different stages of
growth. J. of the American Society of Agronomy 21(3):36166. March. [3 ref]
• Summary: Four soybean varieties were grown: Manchu,
Dunfield, Midwest, and Peking. While soybeans mature,
as the percentage of nitrogen in the nodules decreases,
there is a corresponding increase in nitrogens in the tops of
the plant, and especially in the seeds. “In the early stages
of growth there is a gradual decrease in the percentage
of nitrogen in soybean tops, but during September the
percentage of nitrogen begins to increase and usually
reaches a maximum at maturity.” Address: Formerly Asst.
Chief in Soil Bacteriology, Iowa Agric. Exp. Station. Ames.
Presently, Head, Bacteriological Lab., The Nitragin Co., Inc.,
Milwaukee, Wisconsin.
484. Nouelle, Georges. 1929. Le soja: Les produits
coloniales [The soybean: Colonial products]. Annales
Coloniales (Les) 30(137):1. Sept. 17. [2 ref. Fre]
• Summary: This is basically a good review of the literature,
with no new information. It discusses the history, cultivation,
and utilization of soybeans as human food, animal feed and
in industry, with some emphasis on utilization.
For a long time, it has been considered in Europe as an
object for botanical studies.
The milestone dates in its history are:
1779–The first cultural trials at the Museum of Natural
History [Paris].
1868–Experiments are undertaken by the Society of
Horticulture of the Côte-d’Or.
1880–Soybean seeds are sold by the house of Vilmorin
[a seed company].
1888 [sic]–Introduction of soybeans into the United
States, where it is adopted for the feeding of animals.
1906–Use of soybean in English oil mills, to make up
for the shortage of cottonseed oil.
1908–Creation at Paris by Mr. Li-Yu-Ying of a research
laboratory, later expanded into a factory named the CaséoSojaïne [soy casein factory = tofu factory].
The soybean is adapted to various climates and can be
cultivated as far north as the haricot bean. It resists the cold

better than the latter and is very tolerant of drought.
It is said that it grows from the Equator to 60º latitude. It
is cultivated in China and from Manchuria large amounts are
exported to China, Japan, Formosa, Korea, Indo-China and
Siam.
In the Americas, it is cultivated in the United States. In
Europe. it is cultivated in France in the area around Etampes,
in several provinces of Italy, and in Russia.
In Oceania, it is grown in Philippines, Java, and Borneo.
In Africa, trials have been conducted in Algeria and
Tunisia, as well as in the British colonies of southern Africa.
In 1908 about 100,000 metric tons were exported from
China to Europe, of which 69,200 went to Great Britain and
21,390 to France. In 1909 England purchased 400,000 metric
tons for its oil mills.
The soybean can be used profitably in crop rotations to
add nitrogen to the soil for subsequent crops.
It is also widely used as a feed for animals.
For human food, it can be used in various forms,
especially in the form of milk and of flour.
Soymilk (Le lait de soja), known in China before the
Christian era, is obtained as follows: a brief description is
given, including the process used at Caséo-Sojaïne.
Soymilk bears some resemblance to animal milk and it
has analogous properties. It can be coagulated to make soy
cheese (fromage de soja [tofu]). This is done in China and
Japan using the water from salt marshes [nigari], or calcium
sulfate (plâtre) or sour soymilk (lait aigri). At Caséo-Sojaïne
it is made using a mechanized process, which ensures
complete hygiene and uses pure coagulant solutions which
leave no taste of bitterness.
They have also been able to make cheeses that resemble
European cheeses, fermented or not.
Soymilk, like animal milk, can be concentrated, dried
and reduced to a powder. Or it can be fermented to make
kefir or yogurt (Kéfir ou Yoghourt). The cost of making it
renders its use very economical.
Soy flour is obtained in the same way as wheat flour,
by grind the seed–preferably dehulled. It is a very rich food
which contains 4 times as much protein and 20 times as
much oil as typical wheat flour. From it one can make bread
(notably a diabetic bread using the formula of Dr. Menudier,
1890). By mixing it with wheat flour one can make biscuits
that are easy to digest and have a long shelf life, or cakes,
pâtes, etc.
From the seeds one can extract an oil which the Chinese
presently use in their cuisine, and the English use to make
margarine or soap. The cake remaining after oil extraction
makes an excellent animal feed.
The soybean can also be consumed as a vegetable
[green vegetable soybeans]. Its digestibility varies with the
means of preparation. It is recommended to boil it (after
soaking) in water to which had been added a pinch of sodium
bicarbonate [baking soda]. Soy sprouts give salads a very
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agreeable taste. The Chinese make a bouillon base which
can replace the bouillon from meat. And fresh soybeans can
be prepared like peas. The Japanese and Chinese make soy
sauce, using a complicated process, of which certain types
are appreciated in England.
Finally, it can be used in confectionery in the form of
a confection similar to crème de marron, or in the form
of chocolate (with sugar and cocoa butter added). Grilled
soybeans are served in certain European countries in place of
coffee.
In addition to its alimentary uses, the soybean is used
to make candles, paints, and sojalithe as an insulator for
electrical devices.
The soybean is thus suited for numerous and diverse
uses. It would be desirable to develop its culture in our
colonies and even in France itself in places where it can
be acclimatized. Address: Député de Saône-et-Loire, vice
président de la Commission des Colonies, membre de la
Commission des Mines.
485. Lovell, John H. 1929. Soy bean as a honey plant.
Gleanings in Bee Culture 57(10):646-48. Oct.
• Summary: The soy bean “belongs to the same family as the
pea, bean, and clovers, plants which produce their seeds in a
legume or pod.”
“Up to the present time it has been cultivated chiefly
as a hay or forage crop; but, with our population increasing
twenty times faster than the food production, it must soon
become important as a food for the human race.
“Soy beans, before they have fully ripened, may be
shelled and used as a green vegetable like green peas. A few
hills might well be planted in every garden. They may also
be canned and used in winter, or they may be sprouted and
the sprouts used like asparagus tips, to which, however, they
are much inferior. The dried beans when cooked also make
a palatable dish, and more than 100,000 bushels are packed
annually by American canning factories. As the seeds are
used as a substitute for coffee, soy bean is often called coffee
berry.”
“By boiling the crushed beans in water a vegetable milk
may be obtained, which may be used in making cakes and
custards... From the milk a curd or cheese [tofu] is prepared,
which is on sale in the Chinese markets of America.
This may be flavored with fruits and jams and made into
puddings, and used for sandwiches and luncheon novelties.
“But of all the preparations made from the soy bean,
none is more widely distributed or better known than soy
sauce, a dark brown liquid which in odor and taste resembles
a good meat extract. In Japan alone the annual production is
more than 2,000,000 barrels. While it is largely consumed
by the Chinese and Japanese it has been introduced into both
Europe and America and may be purchased at all Chinese
markets.”
There is conflicting evidence as to whether or not

soybean flowers are a source of sugar-rich nectar from which
bees make honey. The soy bean plants “grown in my garden,
had small inconspicuous flowers, with the corolla hardly
visible. They were odorless and apparently nectarless and
wholly unattractive to bees. Plants under glass from which
all insects were excluded formed pods in great abundance
which were well filled with large seeds. The soy bean is selffertile and not dependent on bees for pollination.
“The flowers, the young leaves, and the stems are
densely hairy as can be seen in the illustration [photo], but
the older leaves are smoother. The specific name hispida was
evidently selected because of the roughness of the stems.
But this coating of hairs is not sufficient to defend the plants
from insect attack.”
“If it is honeydew which is stored by the bees from soy
bean, then the erratic, scattering and infrequent reports of
honey flows would be fully explained.” Note: Honeydew is
a sugar-rich sticky substance, secreted by aphids and some
scale insects as they feed on plant sap.
“Therefore without more reliable evidence than is at
present available, the writer does not think that soybean
should be ranked as a honey plant.”
A photo shows the upper part of a soy bean plant with
stems, leaves, and blossoms. Address: Waldboro, Maine.
486. Webster, James E. 1929. Phosphorus in plants. Bulletin
of the University of Oklahoma (Proceedings of the Oklahoma
Academy of Sciences) No. 9. p. 47-49. Nov. 15. [7 ref]
• Summary: Phytin constitutes almost 70% of the total
phosphorus in storage organs in soybeans. There “are
enzymes (phytases) which readily split out the phosphorus
from the organic molecule.” Address: Oklahoma A. & M.
College.
487. Albrecht, W.A.; Davis, F.L. 1929. Physiological
importance of calcium in legume inoculation. Botanical
Gazette 88(3):310-21. Nov. [16 ref]
• Summary: “Introduction: That calcium should be an
important factor in the nodulation of legumes on acid, or
sour, soils is suggested by the varying results in modulation
obtained on these soils. This is indicated especially in
the soils of northeastern Missouri and southern Illinois,
where the many or even frequent and repeated failures of
inoculation with pure cultures have been found to occur
on certain predominating acid soil types; while improved
inoculation results when these soils are supplied, either
previous to or at the time of planting, with limestone, acid
phosphate, or other calcium-bearing materials.”
Note: The soy bean is mentioned 28 times in this article.
Address: Univ. of Missouri, Columbia, Missouri.
488. Reid, Mary E. 1929. Relation of composition of seed
and the effects of light on growth of seedlings. American J.
of Botany 16(9):747-69. Nov. [12 ref]
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• Summary: Reid found that the exposure of the plants of
corn, cowpea, soybean (Peking variety), muskmelon, and
sunflower to the normal length of day in May and June
produced an inhibitory effect on the growth in length of the
stem and hypocotyl but a stimulatory effect on the growth of
leaves and foliaceous cotyledons.
“Summary: I. (a) Seedlings grown from seeds having a
high carbohydrate but low nitrogen reserve have their growth
increased more by the use of nitrates than they do by the use
of carbon dioxid [sic, dioxide].
“(b) Seedlings grown from seeds having a relatively low
carbohydrate but high nitrogen content have their growth
increased more by the use of carbon dioxid than they do by
the use of nitrates.
“(c) If light is not a limiting factor most types of
seedlings grow most rapidly when supplied with both carbon
dioxid and nitrates, especially during the later phases of
seedling development.” Address: Boyce Thompson Inst. of
Plant Research, Inc., Yonkers, New York.
489. Etheridge, W.C.; Helm, C.A.; King, B.M. 1929. A
classification of soybeans. Missouri Agricultural Experiment
Station, Research Bulletin No. 131. 54 p. Dec.
• Summary: Contents: Introduction. Purposes of
classification: The exhibit of structural features, the listing
of variety names, the identification of varieties. Material
for classification. Method of classification. Nomenclature.
Selections from specimens. Factors in classification: Testa
[seed coat] color, blossom color, pubescence, cotyledon, seed
forms and sizes, hilum, pod formation, size and color, growth
periods (100 to 150 days), height and form of the plant,
growth habits ({a} vining, {b} mostly erect but showing
a tendency to trail in the wavy attenuation of the tips, {c}
wholly erect and stiff, the tips ending abruptly; lodging,
leaves).
There are two general growth or pod-bearing habits in
the soybean: (a) “a dense array of pods on the central stem,
terminating there in a blunt apex, with a thin dispersal on
the lateral branches; and (b) a sparse and comparatively
even distribution of pods over all branches and stems, a
diminishing frequency toward the tip of the central stem
being notable,” Note: Neither the word “determinate” nor the
word “indeterminate” are mentioned.
Group key (based on seed color, within seed color on
blossom color, and within blossom color on pubescence).
Group I–Seed, yellow, blossoms purple, pubescence
white to gray or sandy: S.P.I. 37246, Easycook, Edward,
Pinpu, Easycook Selection, Yokotenn [Yokoten], S.P.I.
40371, Thurnoko [Tsurunoko], Kentucky, Wea, Mandarin,
Haberlandt, Aksawa, Toyonaga, S.P.I. 37062 Selection,
Elton, Manchu Selection, S.P.I. 37062, Aksarben.
Group II–Seeds yellow, blossoms purple, pubescence
tawny: Hollybrook Selection, Nemo, Mikado, Midwest,
Ito San, Minsoy, Mansoy Selection II, Amherst, Manchu,

Habaro, A.K., S.P.I. 37241.
Group III–Seeds yellow, blossoms white, pubescence
white to gray or sandy: Ohio 9001, S.P.I. 37261, Hollybrook,
S.P.I. 37261 Selection, Mammoth Yellow, Kentucky
Selection, Lexington, Chiquita, S.P.I. 44210, Sherwood.
Group IV–Seeds yellow, blossoms white, pubescence
tawny: Hongkong, Brooks, Hoosier.
Group V–Seeds green, blossoms purple, pubescence
white to gray or sandy: Columbia, Tokio.
Group VI–Seeds green, blossoms purple, pubescence
tawny: Tashing, Guelph, Green, Verea, Hahto, Early Green,
Yosho, F.C. 1829, Okute.
Group VII–Seeds green, blossoms white, pubescence
white to gray or sandy: Hope, Morse.
Group VIII–Seeds green, blossoms white, pubescence
tawny: Illinois 178, Shingto, Sonoma.
Group IX–Seeds brown, blossoms purple, pubescence
white to gray or sandy: Buster Brown, Chestnut.
Group X–Seeds brown, blossoms purple, pubescence
tawny: Barchet, Ohio 9035, Hamilton, Early Brown,
Mammoth Brown, Ogemaw, Virginia, Biloxi.
Group XI–Seeds brown, blossoms white, pubescence
white to gray or sandy: Auburn, Trenton.
Group XII–Seeds brown, blossoms white, pubescence
tawny: Eda, Merko, Ito San Cross.
Group XIII–Seeds black, blossoms purple, pubescence
white to gray or sandy: Riceland, Chernie, Watson Black,
Early Black.
Group XIV- Seeds black, blossoms purple, pubescence
tawny: Black Champion, Ebony, Arlington, Wisconsin Black,
Jet, Wing Jet, Hybrid 5-L3, Buckshot, Royal, Tarheel Black.
Group XV–Seeds black, blossoms white, pubescence
white to gray or sandy: Cloud.
Group XVI–Seeds black, blossoms white, pubescence
tawny: Kingston, Fairchild, Sooty, Nuttall, Peking, Wilson.
Group XVII–Seeds bicolored, blossoms purple,
pubescence white to gray or sandy: Manchuria.
Group XVIII–Seeds bicolored, blossoms purple,
pubescence tawny: Meyer, Taha, Black Eyebrow, Otootan.
Group XIX–Seeds bicolored, blossoms white,
pubescence white to gray or sandy: None.
Group XX–Seeds bicolored, blossoms white,
pubescence tawny: Laredo.
“This classification of 134 varieties of the soybean
is constructed mainly on the basis of their morphological
features.” “In 1917 this Station collected all varieties of
the soybean then available in the United States. They were
obtained from the Office of Forage Crops of the United
States Department of Agriculture, from state experiment
stations, and from seedsmen. The first collection contained
867 specimens, which at that stage of the investigation
represented an unknown number of varieties. Frequent
additions to the list were made after 1918, so that by 1928,
the last year of the project, a total of 1117 specimens had
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been grown and studied.”
Color photos show: (1) Varieties 1-49, with a side
view and a top view (showing the hilum) of each of the 49
varieties. (2) Varieties 50-98. (3) Varieties 99 to 134, plus
four pods (side view): brownish-black, dark brown, greenish
brown, and straw colored.
Black and white photos: (1) The forms of soybean
seeds distinguished in this classification: globose, ovoidal,
ellipsoidal, truncate, subrentiform. (2) The arbitrary grouping
of pod three different pod sizes: small, medium, and large,
with six examples of each. (3) Plants representing the four
different relative heights: tall, medium, short, dwarf. (4) The
two modes of pod formation in the soybean: thin distribution
on central stem, dense array on central stem. (5) The slender
type of soybean, denuded to show (a) its erect habit, (b)
the wavy attenuation of its tip, (c) the sparse and uniform
distribution of its pods. (6) The bushy, spreading type of
soybean plant. (7) The bunchy, compact type of plant. (8)
The vining growth characteristic of a few soybean varieties.
(9) The erect, stiff type. (10) “The extreme degree of lodging
shown here is typical of the varieties which are unable to
stand erect under their load of ripe seed.
Index to varieties, listed alphabetically (p. 53-54).
Address: Field crops, Columbia, Missouri.
490. Enken, Vadim Borosovich. 1929. Kak vozdelyvat’ soyu
na Severnom Kavkaze [How to raise soybeans the North
Caucasus mountains]. Rostov-na-Donu: Severnyy Kavkaz.
38 p. [Rus]*
• Summary: The source for the following is the biography
of Enken on this website: http://www.bionet.nsc.ru/museum/
index.php?id=63, by the Siberian Museum of the History of
Genetics.
Enken Vadim Borisovich: 1900-1981, Doctor of
Agricultural Sciences, Professor. Vadim Borisovich Enken
is a well-known scientist and grain breeder. He carried
out fundamental research on the study of the patterns
of mutational variability of varieties in plant forms that
differ in genetic characteristics, origin and ecologicalgeographical conditions of formation. V.B. Enken found
that the law of homologous series in the hereditary
variability of N.I. Vavilov is also fully applicable to induced
mutational variability. These studies were the theoretical
and methodological basis for a large series of works on the
creation of starting material for breeding using methods of
induced mutagenesis.
Vadim Borisovich Enken was born on September 24,
1900 in the city of Anapa, Kuban region. His mother was
a housewife, his father worked as a county agronomist
before the October Revolution, and after the revolution–as a
field crop selection specialist at the Kharkov Experimental
Station, in other scientific and administrative institutions and
taught at universities. Undoubtedly, the father’s profession
subsequently predetermined the choice of his son.

Vadim Borisovich received his secondary education in
Kharkov. In 1920, having a reprieve from service in the Red
Army for health reasons, he entered the naval coastal militia
of Anapa and Novorossiysk. In 1921 he was seconded to
the Krasnodar Industrial College, from which he transferred
to the Kuban Agricultural Institute and graduated from it in
1925. From 1925 to 1959 worked at the Kuban experimental
station of VIR, going from a senior laboratory assistant
(from 1927 he was in charge of the department of barley and
legumes) to the director of the station.
During the war [World War II], the staff of the station
was evacuated to Krasnoufimsk, Sverdlovsk region, where
VIR was located at that time, and V.B. Enken was appointed
head of the Institute’s leguminous crops department. After
the liberation of the Kuban V.B. Enken was again appointed
director of the Kuban Experimental Station.
In 1936, based on the totality of his work, he was
awarded the academic degree of Candidate of Agricultural
Sciences and the title of senior research fellow. In 1956,
at the VIR, V.B. Enken defended his thesis for the degree
of Doctor of Agricultural Sciences on the topic “Soybeans
(agrobotanical monograph)”. In 1964 he was awarded the
title of professor.
In 1959, Vadim Borisovich and his family came to
Novosibirsk, the Institute of Cytology and Genetics of the
Siberian Branch of the USSR Academy of Sciences.
From 1959 to 1973 V.B. Enken worked as the head of
the laboratory of genetic foundations of plant breeding at the
Institute of Cytology and Genetics of the Siberian Branch of
the USSR Academy of Sciences, from 1973 to 1981. he was
a consulting professor at the laboratory. In the first years of
his work at the ICG SB AS USSR, his activities were also
aimed at restoring genetics in the post-Lysenko period. For
many years he was the only doctor of sciences at the ICG SB
AS USSR.
Working in the system of the Academy of Sciences,
being a prominent scientist in the field of taxonomy, genetics
and breeding of leguminous crops, V.B. Enken remained a
practicing breeder. A comprehensive botanical, breeding, and
agricultural study of the vast world collection of legumes
allowed V.B. Enken to create new, resistant to ascochitosis,
varieties of chickpea, soybeans, peavines (Lathyrus), and
barley. He is the author and co-author of 13 zoned varieties,
such as: soybean Kubanskaya 276 and Beregovchanka;
chickpeas Kubansky 16, Kubansky 199, Stepnoy 1 and VIR32; spring barley Armavir 593 and Kubanets; rank Fodder
and beans Light.
Considering himself a student of N.I. Vavilov, Vadim
Borisovich himself trained highly qualified specialists such
as A.Ya. Ala, V.V. Rubtsov, I.I. Gerasimenko, R.I. Gritsenko,
V.M. Chekurov. 9 Ph.D. theses were defended under his
supervision.
V.B. Enken is the author of 85 scientific papers.
Especially noteworthy are his monographs “Soy” and
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“Research of experimental mutagenesis in the breeding of
legumes and other crops” (Moscow: Kolos, 1967), known
among scientists and breeders, as well as translated and
published in the USSR in 1970 on his initiative and under his
editorship, the collective monograph of American scientists
“Soya”, which presents works on genetics, breeding,
physiology, mineral nutrition and agricultural technology.
These publications are still the best reference books and
reference books for students, graduate students and all
agricultural specialists in the country.
For his scientific and scientific-organizational activities,
V.B. Enken was awarded the Orders of Lenin and the Badge
of Honor, as well as medals. In 1981 he was awarded the
honorary title “Honored Worker of Science and Technology
of the RSFSR”. For participation in the USSR Exhibition of
Economic Achievements, he was awarded gold, 2 silver and
6 bronze medals.
Note: This rare document was discovered by Shelley
Fairweather-Vega at the request of Wm. Shurtleff. On
18 March Shurtleff emailed her some questions about
the document and the Russian-language biography and
bibliography she sent with it. Here are the questions and
answers:
Thank you so much Shelley for finding this reference
and for the link to Enken’s biography and superb
bibliography which I consider at least 4 times as valuable as
the 1929 citation.
I used Google translate to translate the biography and
bibliography into English. I have some questions about the
latter, so please turn on your clock and answer under each of
my questions:
Q1. I have many reasons to believe that his surname
is romanized as Enken, yet Google translates it as Yenken
everywhere except at the top left of his portrait photo. Why?
Ans1: “Yenken” is closer to the actual pronunciation.
Transliteration systems do differ, and one of the charms
of Google’s translation engine is that it chooses various
transliterations according to rules we humans don’t always
understand.
Q1a. Google must have done a great deal of research
before they chose a system of Romanization. Do they use a
different system from the system you use? Why do you think
that is?
Q1b. Same question for Wikipedia?
Ans1a. I don’t know much about Google’s system, but
I suspect it was built similarly to their original translation
system, as a statistical engine. So it surveys the web and
makes its choices based on whatever transliteration it finds
to be most common, perhaps in a certain context (that might
explain, for instance, why it seems to be applying different
rules to the photo caption and to the rest of the text in your
example).
Ans1b. Wikipedia, on the other hand, makes their
system very public, and they actually have their own

documented romanization rules for all languages. Here are
their instructions for Russian:
https://en.wikipedia.org/wiki/Wikipedia:Romanization_
of_Russian
I find the Wikipedia system to be very good for
pronunciation by English speakers but not as good for backtransliteration, ferreting out the original Cyrillic spellings
based on the romanization.
Q2. In the bibliography, I see the notation “//”
frequently. What does this indicate? Should I replace it with
something that conveys more meaning to English speakers?
Ans2. I suspect that // is just indicating a separation
between the author, title information and the publisher/
format information. It’s not always used. Russian doesn’t
like to underline or italicize elements of bibliographies, as
we often do in English, so this might help clarify which part
of the entry is which. I think you can safely just delete it for
English speakers. Address: Kuban experimental station of
VIR [Vavilov Research Institute].
491. Ferrée, Christian Johan; Tussaud, J.T. 1929. The soya
bean and the new soya flour. London: William Heinemann
(Medical Books) Ltd. xi + 79 p. Illust. No index. 22 cm.
Revised translation from the Dutch by C.J. Ferree and J.T.
Tussaud of Die Sojaboon en Duurzaam Sojameel. [29 ref]
• Summary: Contents: Foreword, by Sir Wm. Arbuthnot
Lane, President of The New Health Society. Preface, by C.J.
Ferrée (London). 1. Introduction. Literature. Name of the
plant. Origin. Botanical particulars. Assimilative power of
the soya plant. Inoculation. Soil requirements. Production
and cost. 2. General ingredients of the various Manchurian
beans. Composition. The value of soya protein. Vitamin in
the soya bean. Digestibility of the soya bean and its products.
3. Use in China and Japan: Bean sauce, soy, or shoyu,
Chinese chiang (paste), tou-fu or beancurd, beans consumed
as a table vegetable, bean refuse and bean cake are used
as a fertiliser and for fattening hogs, bean oil is used as an
illuminant (where it has not been superseded by kerosene),
as a substitute for lard in cooking, and as a lubricant for
greasing axles and parts of native machinery, miso and natto.
First imports into Europe. Exports during the last five years
from China and Japan. Imports during the last five years into
Europe and America. The increasing rate of its cultivation.
Manchuria–Production. Estimate of the world’s production
of the soya bean. London the principal market. Future
importance.
4. America. Australia. South Africa. Other British
possessions and protectorates. Java (Dutch East Indies).
Europe. 5. Unsuccessful experiments with soya flour.
Ordinary soya flour. Extracted soya flour. Dr. L. Berczeller’s
discovery. The new soya flour. Comparison with other cereal
flour and other foods. Comparison in price with other cereal
flour and other foods. Comparison in price of soya protein
compared with other cereal foods. Comparative analysis of
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cereals. 6. Soya milk. Vegetable casein. Lecithin. 7. Increase
in food value. Savings. Industrial application in foodstuffs.
The importance of Dr. L. Berczeller’s soya flour for the food
industry. Soya flour and the food laws. Uses of soya flour
in: Bread, pastry, cake, biscuits, confectionery, sausages,
infant foods and food for invalids, cocoa, chocolate, soup
cubes, pudding flour. Uses in the kitchen. Soya flour recipes
(for flour made using the Berczeller process), soya flour for
diabetics, recipes for diabetics.
The Preface states: “In the following pages the writer
has endeavoured to give an account of the numerous uses
to which the soya bean has so far been put, and to visualise
its future service to humanity through the means of a totally
new and practical process by which this legume... may in
future be used as an important article of food for general
consumption throughout every quarter of the globe.
“In compiling the details relative to the soya bean flour,
with which this brief summary principally deals, he trusts
that he has succeeded in giving sufficient data to enable
the reader to fully realise its value as a staple food from the
economic point of view, as well as from the more domestic
standpoint, so that the important fact may be fully realised
that a new foodstuff of a very valuable nature... has now
been brought within the reach of all nations to serve them in
a most practical manner as an economic article of food.”
The book includes statistics on the imports and exports
from 1923 to 1927 of “soya beans, soya oil, and soya cake in
various countries including China, Japan, England, France,
Germany, Holland, Norway, Denmark, Sweden, and USA.
The “new soya flour” is that developed by Dr.
Berczeller. This book repeatedly praises that flour. “A few
years ago Dr. Laszlo Berczeller, a Hungarian physiologist
in Vienna, succeeded scientifically in finding a method
which enables us to prepare from the soya bean a digestible
and pleasantly flavoured flour without detracting from
its nutritive value, and this method entirely succeeds in
preserving all the good qualities contained in the bean itself.
Physiological experts and analysts withhold no praise, as the
following extracts will show: -” There follow words of praise
from: (1) Dr. Alfred Schwicker, M.P., Royal Hungarian
State Institute, Central Depot for Experimental Chemistry.
(2) Dr. Stefan Weisser, King’s Counsellor, Royal Veterinary
Physiological Experimental Station, Budapest. (3) Prof. A.
Durig., The Physiological Institute, University of Vienna.
Marakujew (1928) estimates the production of soya
beans in “Manchuria at 6 million tons at the utmost, the
production of the whole of China at 16 million tons, and
he is led to this figure by the conclusions of the Economic
Bureau of the South Manchuria Railway, which estimates
that the Manchurian crop in 1927 amounted to 37.1 million
kobu (5.88 million English tons), of which 2.6 million tons
originated from South Manchuria, 3.3 million tons from
North Manchuria” (p. 32). A table (p. 33) gives estimated
world production of soya beans from 1923 to 1929 (6.6

million tons, forecast). The leading producers in 1929 (in
million tons) are: China 5.250. Japan 0.580. USA 0.250. Java
and Dutch East Indies 0.120. Other Asiatic countries 0.400.
A soya milk factory was recently established in Denmark
(p. 54). Although this book contains a bibliography of 29
references, most are very incomplete.
Photos show: (1) A soybean plant with roots, pods, and
leaves. (4) Nodules growing on soybean roots. (5) One pod
and seed each from inoculated and uninoculated soybean
plants. (7) An immense field of soya beans in Manchuria. (8)
Soya beans awaiting shipment, in house-shaped stacks under
tarps, at Dairen. (13) Seeds of the most important varieties of
soya beans now grown in the United States. (10) Two horses
and a farmer cultivating a field of soybeans. (11) Harvesting
soya beans. (12) Well selected, clean soybean seeds.
A map (frontispiece) shows where soybeans are
cultivated worldwide. An illustration (facing p. 2) shows
“Shen-Nung. Emperor [of China] in 2838 Before Christ,
called ‘The Heavenly Farmer.’ Reproduced from a print in a
Vienna museum.”
One bar chart compares the nutritional composition
of soya flour with that of cereals and animal products, and
other foodstuffs (p. 13), another compares the calories (p.
46), and a third compares the cost of 1,000 calories (p. 48).
Marakujew (probably spelled Marakiev or Marakuyev), in
“The Export of Manchurian Soya Beans and its Finance”
(1928, in Russian, probably an article rather than a book)
“estimates the production of Manchuria at 6 million tons
at the utmost, the production of the whole of China at
16 million tons, and he is led to this conclusion by the
Economic Bureau of the South Manchuria Railway, which
estimates that the Manchurian crop in 1927 amounted to
37.1 million kobu (5.88 million English tons), of which 2.6
million tons originated from South Manchuria, 3.3 million
tons from North Manchuria. According to the calculations
of this bureau, the home consumption of North Manchuria
is something like 40 per cent. of the production, viz., 1.3
million tons; the remaining 2 million tons are for export.
The exports of South Manchuria were estimated at 1 million
tons” (p. 32). Address: London.
492. Matsuura, Hajime. 1929. A bibliographical monograph
on plant genetics (Genic analysis): 1900-1925. Tokyo
Imperial University, Faculty of Science, Botanical Institute.
Contrib. Cytology and Genetics No. 82. 499 p. See p. 59-64.
2nd ed., 1933. [1341* ref. Eng]
• Summary: The section on Glycine Soja is basically a
review of the world literature on soybean genetics. In the
annotated bibliography, arranged chronologically and
containing 1,341 references are 10 references on Glycine
soja and Soja max numbers 139, 394, 590, 822, 859, 1060,
1100, 1201, 1233, and 1333. Of these, 5 are by Japanese, 4
by American and 1 by German researchers.
Contents: Foreword by K. Fujii. Author’s preface. Genic
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analysis in plants (p. 1-317). Bibliography on genic analysis
in plants, with brief comments, arranged in chronological
order (p. 319-467). Index of subjects (p. 469). Index of
authors, with the genera investigated by each author (p. 477).
Index of species (p. 491). Index of families, with the species
investigated (p. 497).
The section on Glycine soja states:
“Seed Coat Color and Pattern” As regards seed coat
color, Terao (1918; Maternal inheritance in the soy bean)
reports that in the cross ‘green cotyledons, green-seeded coat
(female symbol)’ x ‘yellow cotyledons, yellow-seeded coat
(male symbol)’, the green seed coat is inherited exclusively
through the female parent; but in the reciprocal cross the
green and yellow seed coats show Mendelian segregation,
the former being dominant.
On the other hand Woodworth (1921; Inheritance of
cotyledon, seed-coat, hilum and pubescence colors in soybeans) denied this statement, and showed that green x yellow
as well as the reciprocal cross gave in F1 only green-seeded
plants, and in F2 3 green to 1 yellow.
“For other colors, Piper & Morse (1910; The soy
bean: History, varieties, and field studies) have recognized
in natural hybrids the following pairs of colors to be
monogenically different from one another, the first given
members being dominant to the latter:
“(1) Dark brown-light brown.
“(2) Black-brown,
“(3) Green-black,
“(4) Black with brown spots-uniform black,
“(5) Brown-yellow?
“Thus the common green variety seems to contain an
inhibitor, suppressing the formation of the chromogenic
substances which give rise to other colors by the action of
certain complementary genes.
Also discusses: Takahashi and Fukayama [1919;
Morphological and genetic studies on the soy bean].
Nagai (1921; A genetico-physiological study on the
formation of anthocyanin and brown pigments in plants). etc.
Address: Prof. of Botany, Second Higher School, Sendai,
Japan.
493. Miller, E.C. 1929. Nitrogen in the leaves of crop plants
(unpublished data).
• Summary: Miller observed the nitrogen content of various
leaves when the plants were in a vigorous vegetative
condition previous to blooming. The average nitrogen
content for different periods of the day was for soybeans
5.8%, for cowpeas 5.6%, for garden beans 4.5%, for
pumpkin 4.5%, for feterita 3.6 to 4.1%, for kafir 3.6 to 4.2%,
and for corn 3.2 to 3.8% of the dry weight of those leaves.
Address: Kansas Agric. Exp. Station, Manhattan, Kansas.
494. Mitarevskii, A.A. 1929. Soevye boby ili soia: Kul’tura
soi, rol’soi v khoziaistvakh Severnoi Man’chzhurii

teknicheskoe, pishchevoe i kormovoe znachenie soevykh
bobov [Soy beans or soya: Cultivation of soybeans. The role
of soybeans on the farms of Northern Manchuria. Technical
food and fodder value of soybeans]. Moscow, USSR: Gos. s.kh. izd-vo “Novaia Derevnia” (State Agriculture Publishing
House). 85 p. 20 cm. [Rus]
• Summary: At the head of the title page is written:
RSFSR People’s Commissariat of Agriculture and
Maslozhirsindikat (Narodnyi komissariat zemledeliia RSFSR
i Maslozhirsindikat).
Contents: Cultivation of soybeans.
Foreword
1. Origin of Soybeans
2. Distribution of Soybeans
3. Morphological and Physiological Features of
Soybeans
4. Chemical Composition of Soybeans
5. Factors Determining the Feasibility of the Cultivation
and Commercial Viability of Soybeans
6. Soybean Yield
7. Chinese Techniques for the Cultivation of Soybeans
8. Operation of Experimental Fields with Soybeans in
Northern Manchuria
9. Soybeans as an Inter-tilled Crop and Fallow Field
Vegetation
The Role of Soybeans in the Farming in Northern
Manchuria
1. System of Chinese Agriculture and Crop Rotation
2. Place of Beans in the Economy of Peasant Farming in
Northern Manchuria
3. Significance of Beans in the Regional Economy of
Northern Manchuria
4. Methods of Storing Soybeans Destined for Export.
Outdoor Bulk Storage. Outdoor Storage in Sacks. Bulk
Storage in Silos
5. Quality of Export Beans
6. Steps Taken by the Far Eastern Railroad to Improve
Export Beans and Reduce Transport Costs
7. Price of Soybeans on Hand in Kharbin and the Cost of
Shipping Them to Markets
8. London Soybean Markets and Price.
Technical, Food and Fodder Value of Soybeans
Soybean Technology
1. Use of Soybeans for Technical Purposes
2. Use of Soybeans as Food
3. Use of Soybeans as Fodder
Conclusion. Address: USSR.
495. Savich, I.N. 1929. [On classification of soya beans].
Vestnik Manchzhurii (Manchuria Monitor) (Chinese Eastern
Railway) No. 11. p. 20-34. 4 plates, 7 tables. Russian edition.
[56 ref. Rus; eng]
• Summary: In this botanical classification, Mrs. Savich
verifies and criticizes the previous classification of the
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“Harbin explorer, B.V. Skvortzow, who gave a botanic
description of the existing varieties and species of soya
beans in his work ‘Wild and Cultivated Soya Beans in
Eastern Asia’ (Manchuria Monitor, Nos. 9-10, 1927). At
the same time the work of Mrs. Savich may be considered
a verification and criticism of the classification that was
proposed by the Harbin explorer Skvortzow.
“Taking for investigation several hundreds of specimens
of soya beans, not only growing in the Maritime Province
of Siberia, but also in Korea, Japan and North Manchuria,
Mrs. Savich accepts the classification of B.V. Skvortzow,
but extensively applies to it the law of homologous series
in hereditary variation of the academician N.I. Vavilow
[Vavilov]. Owing to this, the classification of B.V.
Skvortzow, which is founded upon morphological symptoms,
is placed upon a more sound basis.
“Mrs. Savich has come to the conclusion that only three
hereditary botanical characters, are to be noted in our soya
bean–Glycine hispidae [hispida] Max. which are ordinarily
cultivated. They are:
“(1) Form of the stem a=erect; A=twining.
“(2) Form of the leaves index b=2; B=2
“(3) Colour of the flowers c=white; C=lilac
“These three characters in their combination give eight
races or subspecies of soya beans and in each race we have
homologous series according to the colour of the seeds (Law
of prof. Vavilow).
abc ‘Lutea’ yellow green brown black bi-colored
abC ‘Vulgaris’–ditto
aBc ‘Lubrics’–ditto
aBC ‘Nobilis’–ditto
Abc ‘Nictans’–ditto
abC ‘Rara’–ditto
aBc ABC ‘Varians’
“’Lutea,’ with white flowers and large leaves, is the
most cultivated race of the south of Manchuria. ‘Vulgaris’
and ‘Nobilis’ with lilac flowers are the common races of the
north. ‘Rara’ and ‘Varians’ are good as vegetable food.
“The highest yield’ and the greatest percentage of oil is
found in the heterogeneous and mixed varieties. We suppose
that natural crossing is a very common fact in the Far East
and that increased yield may be obtained by the use of mixed
varieties, a method used to advantage with maize.” Address:
Harbin, Manchuria.
496. Sprecher von Bernegg, Andreas. 1929. Tropische und
subtropische Weltwirtschaftspflanzen; ihre Geschichte,
Kultur und volkswirtschaftliche Bedeutung. II. Teil:
Oelpflanzen [Tropical and subtropical plants in international
commerce; their history, cultivation, and economic
significance. Vol. II. Oilseeds]. Stuttgart: Verlag von
Ferdinand Enke. See vol. 2, p. 128-70. Illust. Index. 25 cm.
[48 ref. Ger]

• Summary: The soybean (p. 128-70). Contents:
Introduction. Name, place of origin and history. Description
of the plant: Systematic, morphology, varieties, selection.
General conditions for growth: Climate, soil. Cultivation of
the plant: Planting, care. Harvest and storage. Composition
and products. Utilization: As a fodder plant, as a coffee
substitute, industrial non-food uses, as a food (as a green
vegetable, soy sprouts, soy chocolate, soymilk, casein, tofu
and soybean quark {tofu oder Sojabohnenquark}, natto
{Buddhistenkäse}, hamananatto, yuba, miso, shoyu or soy
sauce {Sojasauce}). Production and trade.
Concerning green vegetable soybeans, the author states:
“Three-quarter ripe soybean seeds yield a good, green
vegetable (Dreiviertelreife Sojabohnen geben ein gutes,
gruenes Gemuese).”
Note. This is the earliest German-language document
seen (April 2013) that uses the term Sojabohnenquark
to refer to tofu. Address: PhD, Titularprofessor an der
Eidgenoessischen Technischen Hochschule, Zurich,
Switzerland.
497. Eisenmenger, W.S. 1930. Toxicity of some aliphatic
alcohols. Plant Physiology 5(1):131-56. Jan. [36 ref]
• Summary: Various alcoholic solutions slowed the growth
of soybean roots. Address: Hahnemann Medical College,
Philadelphia, Pennsylvania.
498. Janssen, George; Bartholomew, R.P. 1930. The
influence of the potash concentration in the cultural
medium on the production of carbohydrates in plants. J. of
Agricultural Research 40(3):243-61. Feb. 1. [33 ref]
• Summary: It was noted with soybeans, cowpeas, oats,
sweet clover, and other plants, that the greatest growth in
water cultures was obtained when there were 2 to 3 p.p.m. of
potassium in the solution. This was below the concentration
at which the maximum absorption of potassium occurred,
indicating that more potassium is absorbed by plants than is
needed for their use. Address: Asst. Agronomists, Arkansas
Agric. Exp. Station.
499. Austin, Russel H. 1930. Effect of soil type and fertilizer
treatment on the composition of the soybean plant. J. of the
American Society of Agronomy 22(2):136-56. Feb. Based on
his 1928 PhD thesis, Michigan State College, East Lansing.
30 p. [2 ref]
• Summary: The calcium, magnesium, and nitrogen contents
decreased with the age of the plants, the sulfur content
underwent little change, the phosphorus content tended to
increase, while the potassium content was irregular. The
effects of moderate fertilizer treatments were small, the soil
type exerting a greater influence. Address: Michigan State
College, East Lansing.
500. Kawakami, J. 1930. Mame-ka shokubutsu senshokutai
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sûhyô [Chromosome numbers in Leguminosae]. Botanical
Magazine (Tokyo) 44(522):319-28. June. [2 ref. Jap; eng]
• Summary: The author examined 35 horticultural varieties
of soybeans [edamame], and found the diploid chromosome
number to be 40. Address: Kyushu Teikoku Daigaku,
Nôgaku-bu, Sakumotsu-gaku Kyoshitsu, Kyushu, Japan.
501. Sakuma, Futoshi. 1930. Studies on glyoxalase. Journal
of Biochemistry (Tokyo) 12(2):247-79. July. [20 ref]
• Summary: There as been great interest in the question “as
to the importance of methylglyoxal in the sugar metabolism
of plant and animal bodies.” The enzyme glyoxylase has
been found in both plants (including soy-beans) and animals.
In order to examine how the glyoxalase content of
seeds might change during germination, soy-beans were
kept moistened at 25ºC and the glyoxylase content of the
bud, bean-rest and whole bean including bud and root were
examined daily (p. 250). Chart 1 (p. 21) shows the results
during 9 days of germination. The glyoxalase content of the
bud increased rapidly until the 6th or 7th day of germination;
then it began to decrease. “This increase in glyoxalase may
be attributed to the increase of co-enzyme rather than to that
of the enzyme itself.”
Pages 265-66 discuss the effect of co-enzyme on soybean glyoxalase. Table 7 shows that the co-enzyme causes a
greater decrease in methylglyoxal.
Note: The glyoxalase system is a set of enzymes that
carry out the detoxification of methylglyoxal and the other
reactive aldehydes that are produced as a normal part of
metabolism (Source: Wikipedia, Oct. 2008). Address: Dep.
of Biochemistry, Niigata Medical School, Niigata, Japan.
502. Welton, F.A.; Morris, V.H. 1930. Effect of fertility on
the carbohydrate-nitrogen relation in the soybean. Plant
Physiology 5(4):607-12. Oct. [3 ref]
• Summary: “Introduction: In connection with a study of the
cause of lodging in soybeans as grown in corn for silage it
was found that the shading by the corn resulted in a reduction
of the percentage of carbohydrates and total dry matter, and
that the stems of soybeans thus developed were relatively
soft, pliable, and weak. In cereals like oats and wheat a
similar situation in the stems with consequent lodging has
been found to develop as a result not only of shading but
also from hyper-nutrition. In the latter case, particularly
in the presence of an abundance of nitrates accompanied
by suitable moisture relations, there was set up within the
oat and wheat plants a low carbohydrate-nitrogen relation
characterized by a preponderance of vegetative growth,
soft, pliable stems, and consequent lodging. Conversely,
under relatively poor soil conditions there was developed
a high carbohydrate-nitrogen relation characterized by a
preponderance of reproductive growth, hard, rigid, stiff
stems, and non-lodging.”
Photos show: (1) “Root system of soybean grown on

sand. Nodules very abundant.” (2) “Root system of soybean
grown on soil. Nodules less abundant.” (3) “Root system of
soybean grown on manure. Sparse nodule development.”
Address: Dep. of Agronomy, Ohio Agric. Exp. Station,
Wooster, OH.
503. Garner, W.W.; Allard, H.A. 1930. Photoperiodic
response of soybeans in relation to temperature and
other environmental factors. J. of Agricultural Research
41(10):719-35. Nov. 15. [4 ref]
• Summary: “Introduction: In earlier papers (2, 3) dealing
with the effect of relative length of day and night on plant
growth and development, considerable attention was given
to the contrasted responses of early and late varieties
of soybeans to changes in day length. These contrasted
responses seemed to be correlated with the changes in
behavior of the different varieties under field conditions
with advance of the season. Of the four varieties studied
under field conditions in the vicinity of Washington, D.C,
the Biloxi consistently behaved as a very late variety, earliest
plantings first coming into flower about September 1 and
failing to mature seed;...”
When planted early in the season, in the vicinity of
Washington, DC, the soybean varieties “Mandarin, Peking,
Tokyo, and Biloxi normally require about 25, 55, 65, and
95 days respectively, for attaining the flowering stage. All
varieties are quite sensitive to cool temperatures.” Address:
1. Principal Physiologist in Charge; 2. Senior Physiologist.
Both: Office of Tobacco & Plant Nutrition, Bureau of Plant
Industry, USDA.
504. Oathout, C.H. 1930. The hardiness of soybean seed
as related to seed color. Transactions of the Illinois State
Academy of Science 22:146-49. 1929, pub. 1930. *
• Summary: Effect of temperature and moisture on viability.
Address: Dep. of Agriculture, Western Illinois State
Teachers’ College, Macomb, IL.
505. Ewart, Alfred James. 1930. Flora of Victoria [Australia].
Melbourne: Printed by the government printer for the
University Press. 1257 p. See p. 677-78. 23 cm.
• Summary: “Glycine: A genus of about 50 species of
slender, twining herbs, 7 of which occur in Australia,
differing from Kennedya in the absence of a strophiole.” The
author gives detailed botanical descriptions, locations where
found, and months of flowering for G. clandestina Wendl.
(long twining stems), G. Latrobeana Bth. [Bentham] (short
stems, not or scarcely twining), G. tabacina Bth., G. sericea
Bth. (leaflets with silky white hairs). Address: Prof. of
Botany and Plant Physiology in the Univ. of Melbourne.
506. Riede, W.; Rewald, B. 1930. Botanisches und
chemisches zur Sojafrage [Botanical and chemical
information on the soybean question]. Landwirtschaftlichen
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Versuchs-Stationen 110(5-6):291-304. [Ger]
• Summary: Analyses of various samples of soy beans are
recorded and their value in German agriculture is discussed.
German soybeans are reported to contain 1.0-2.5%
phosphatides. Address: 1. Bonn, Germany; 2. Hamburg.
507. Stietz, Erich. 1930. Die Soja in der Weltwirtschaft:
Ein Beitrag zur Ernaehrungs- und Rohstoffwirtschaft der
Erde [The soybean in the world economy: A contribution to
the food- and raw materials economy of the Earth]. Thesis,
Giessen. Published in 1931 at Bethel bei Bielenfeld by
Anstalt Bethel. 46 p. [40 ref. Ger]
• Summary: This is a discussion of the soybean in world
trade, and includes material on the history and botany of the
bean, world production, international trade, and uses of the
soybean. Address: Born in Orferode, Germany.

concentration show low total and relatively high soluble-iron
content. In terms of iron per gram of dry matter in the leaf,
soybeans have acidity of pH 6.01, total iron 4.69, and soluble
iron 0.0246. In each case, soybeans are second after clover.
Address: Lab. of Plant Physiology, New Jersey Agric. Exp.
Station.

509. Allen, O.N.; Baldwin, I.L. 1931. The effectiveness of
Rhizobia as influenced by passage through the host plant.
Wisconsin Agricultural Experiment Station, Research
Bulletin No. 106. 56 p. Jan. [84 ref]
• Summary: Contents: 1. Introduction. 2. Plan of the
Investigations: History of the Strains, Technic. 3.
Experimental Data: Rhizobium trifolii, Rhizobium
leguminosarum, Rhizobium japonicum. 4. General Resumé:
Changes in Effectiveness, Rhizobium leguminosarum,
Physiological Relationship Between the Host and Lower
Organism, Practical Significance 5. Appendix: Review of
the Literature (Species Relationships, Strain Variations,
Host-plant specificity, Virulence, Relation of Bacteroids to
Nitrogen Fixation, Changes in Effectiveness, Laboratory
Methods of Changing Effectiveness, Plant Passage) 6.
Bibliography. Address: Univ. of Wisconsin. Madison.

511. Von Ohlen, Floyd W. 1931. A microchemical study
of soybeans during germination. American J. of Botany
18(1):30-49. Jan. [24 ref]
• Summary: The commencement of germination in soya
bean is marked by the appearance of reducing sugar, an
increased starch content of the cotyledons and hypocotyl,
and the appearance of starch in the root cap. In the first 3
days of germination, starch accumulated in the apex of the
hypocotyl and reducing sugar in the base of the hypocotyl
and root. Starch increased in the cotyledons until the 5th
day, and after remaining stationary for 4 days, rapidly
decreased. Starch disappeared from the various parts of the
seedlings in the order root, hypocotyl, epicotyl, cotyledons;
and reducing sugars followed in the same order, but 2 days
later. Asparagine was detected in the hypocotyl on the 3rd
day and subsequently in the root base and epicotyl, and
increased in amount with the growth of the plant. None was
found in the plumule, cotyledons, or root-tip. Depletion of
oil from the cotyledons began at the base and proceeded to
the opposite end. Organic phosphorus and magnesium were
steadily transformed into an inorganic form and although
the latter moved rapidly to the growing points of the plant,
the proportion in the cotyledon continued to increase.
Potassium was removed from the cotyledons more quickly
than magnesium and phosphorus. Starch, reducing sugar,
asparagine, oil, and inorganic phosphorus were not detected
in the meristematic tissue of the root-tip.
Note: Webster’s Dictionary defines asparagine (derived
from French, from the Latin asparagus, and first used in
1813) as “a white crystalline amino acid C4H8N2O3 that is
an amide of aspartic acid and serves as a storage depot for
amino groups in many plants.” Address: Dep. of Botany,
Ohio State Univ., Columbus, Ohio.

510. Ingalls, R.A.; Shive, J.W. 1931. Relation of H-ion
concentration of tissue fluids to the distribution of iron in
plants. Plant Physiology 6(1):103-25. Jan. [26 ref]
• Summary: Experiments on buckwheat, tobacco, tomato,
asparagus, soybean, and clover. The soluble-iron content of
plants varies directly with the variation in the hydrogen-ion
concentration brought about by changes in light intensity
from day to night. Low hydrogen-ion concentration
corresponds to high light intensity and high hydrogen-ion
concentration to low light intensity. Plants in which the tissue
fluids have low hydrogen-ion concentration values show
high total and relatively low soluble-iron content. Those
plants in which the tissue fluids have high hydrogen-ion

512. Guard, Arthur T. 1931. Development of floral organs of
the soy bean. Botanical Gazette 91(1):97-102. March. [5 ref]
• Summary: “Summary: 1. The mature flower of the soy
bean consists of a calyx tube with five unequal lobes, five
distinct petals, ten stamens (nine united and one free), and a
single carpel. Both unicellular and multicellular trichomes
are found on the calyx and pistil.
“2. The flower primordium appears first as a
protuberance in the axil of a bract. The order of emergence
of the floral organs is sepals, petals, outer cycle of stamens,
inner cycle of stamens, pistil. The order of emergence within
each cycle is from the anterior to the posterior side of the
receptacle.

508. Von Ohlen, Floyd William George. 1930. A
microchemical study of soybeans during germination.
PhD thesis, The Ohio State University. In: The Ohio State
Univ. Directory of those granted the degree of Doctor of
Philosophy by The Ohio State Univ., 1912-1938. *
Address: The Ohio State Univ.
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“3. Development of the petals is slow at first, but later
becomes rapid. The stamens are free at first; later nine
become united leaving one of the inner cycle free.
“4. The one to four campylotropous ovules develop
simultaneously, and the micropylar end is directed toward
the distal end of the ovary.” Address: Biology Dep., Purdue
Univ., Lafayette, Indiana.
513. Eaton, Scott V. 1931. Effects of variation in daylength and clipping of plants on nodule development and
growth of soy bean. Botanical Gazette 91(2):113-43. April.
Contributions from the Hull Botanical Laboratory 412. [18
ref]
• Summary: “Summary: The effects on growth and nodule
development of the soy bean of varying certain factors that
affect the amount of carbohydrate manufactured by the
plants in the process of photosynthesis were studied. The
factors varied were length of the exposure to light and the
amount of photosynthetic tissue present, differences in the
latter being secured by clipping the plants with different
degrees of severity.
“2. The amount of growth and nodule development was
in direct proportion to the length of day and the degree of
severity of the clipping.
“3. Nodule development was correlated with percentage
of carbohydrates, especially acid-hydrolyzable material,
of the plants. This correlation was much greater for the
tops than for the roots. It is suggested that part of the
decrease in nodule development resulting from decrease
in photosynthesis is due to a lack of carbohydrates for the
nitrogen fixation process...” Address: Hull Botanical Lab.,
Univ. of Chicago, Chicago, Illinois.
514. Eisenmenger, Walter S. 1931. Factors modifying the
toxicity of phenol. Plant Physiology 6(2):325-32. April.
• Summary: As a criterion of toxicity, the growth of roots
of germinating soy-bean seedlings was used. The toxicity
of phenol to these freshly germinated seedlings increases
with the concentration of phenol used. Addition of silicon
dioxide gel to the phenol solution reduced its toxicity,
the effect decreasing proportionally as the concentration
of phenol increased. Phenol was partly adsorbed by the
silicon dioxide gel. Mixed solutions of phenol and calcium
nitrate (0.006 molar total concentration) were more toxic
than corresponding solutions of calcium nitrate alone.
When the molecular proportion of calcium nitrate exceeded
that of phenol, the toxic effect was less than that of the
corresponding single solution phenol.
Note: This is the earliest document seen (Jan. 2021) with
the word “phenol” in the title or in the document. Address:
Massachusetts Agricultural College, Amherst, Massachusetts.
515. Garner, W.W.; Allard, H.A. 1931. Effect of abnormally
long and short alternations of light and darkness on growth

and development of plants. J. of Agricultural Research
42(10):629-51. May 15. [2 ref]
• Summary: Biloxi soybeans (early, medium, and late
varieties) were one of the main plants tested in the group of
“short-day plants.”
“Summary: Breaking the continuity of the daily
illumination of plants by darkening them in the middle of the
day for periods of 1 or 2 hours to as long as five hours may
materially affect the general nutrition and amount of growth,
but as a rule it fails to influence reproductive activities to a
degree at all comparable with that produced by excluding
the early morning or late afternoon light of the long summer
days. This applies to all short-day plants that have been
studied.”
Note: This is the earliest English-language document
seen (July 2010) that contains the term “short day” or
“short-day plants.” Short-day plants flower when the night is
longer than a critical length. They cannot flower under long
days or if a pulse of artificial light is shone on the plant for
several minutes during the middle of the night; they require
a consolidated period of darkness before floral development
can begin. Natural nighttime light, such as moonlight or
lightning, is not of sufficient brightness or duration to
interrupt flowering. In general, short-day (i.e., long-night)
plants flower as days grow shorter (and nights grow longer)
after 21 June in the Northern Hemisphere, which is during
summer or fall. The length of the dark period required to
induce flowering differs among species and varieties of
a species. Address: 1. Principal Physiologist in Charge;
2. Senior Physiologist. Both: Div. of Tobacco & Plant
Nutrition, Bureau of Plant Industry, USDA.
516. Tabata, Kiyomitsu; Ogata, K.; Sukekawa, K. 1931.
[Influences of day-length on the growth, flowering and
fruiting of buckwheat and soybean]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 3(2):188-202. June. [Jap]*
517. Albrecht, W.A.; Jenny, Hans. 1931. Available soil
calcium in relation to “damping off” of soybean seedlings.
Botanical Gazette 92(3):263-78. Nov. [9 ref]
• Summary: The hydrogen ion concentration of the nutrient
is not an important factor in the “damping off” of soybeans.
The disease decreased with increasing calcium supply at all
reactions in the range pH 3.8-6.9. Calcium is more potent
than potassium or magnesium in preventing the disease, and
free diffusible calcium more effective than exchangeable
calcium.
Note: This is the earliest document seen (July 2021)
that contains term “damping off.” This term refers to “a
plant disease occurring in excessively damp conditions, in
particular the collapse and death of young seedlings as a
result of a fungal infection.” Address: Soils Dep., Univ. of
Missouri, Columbia, MO.
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518. Borst, H.L.; Thatcher, L.E. 1931. Life history and
composition of the soybean plant. Ohio Agricultural
Experiment Station, Bulletin No. 494. 96 p. Nov. Based on
1927 PhD thesis, Ohio State Univ. [28 ref]
• Summary: The percentage of nitrogen in soya-bean
leaves was much greater than in the stems. As maturity
approached, the nitrogen content of leaves, stems, and pods
decreased considerably and that of seeds to a smaller extent.
The percentage of nitrogen in the whole tops decreased
during the period of active growth and increased towards
maturity. At maturity more than ½ of the total nitrogen was
stored in the seed. The phosphorus content of leaves and
stems decreased as the plants matured. The percentage of
phosphorus in mature seeds was approximately 4 times
that of leaves, stems, and pods. The storage of potassium
in the leaves reached a maximum in the early stage of pod
formation and decreased later. In stems, leaves, and pods
there was a decline in potassium content as the plants
matured. The percentage of potassium in ripened seeds
was greater than that of any other part of the plant. The
proportion of calcium and magnesium in the whole tops
decreased towards maturity. The percentage of calcium in the
various plant organs was in the order leaves > pods > stems
> roots > seeds. In leaves and pods the total and percentage
of magnesium were much lower than those of calcium.
519. Willard, C.J. 1931. The moisture content of forage
at different times in the day. J. of the American Society of
Agronomy 23(11):853-59. Nov. [3 ref]
• Summary: In alfalfa, soybeans, and 3 types of clover.
“After the dew is off, the range in the percentage of dry
matter in the green forage was almost never greater than 3%,
and the average range for periods of a week or more was
always less than 2%. Since in curing hay it requires but a
comparatively short time to evaporate 1 to 3% of moisture, it
seems clear that there is not sufficient change in the moisture
content of forage after the dew is off to be a practical factor
in hay-making.”
“The data showed a gradual and fairly uniform increase
in the percentage of dry matter in the green forage as the
forages became more mature. This was not so noticeable in
soybeans as in red clover and alfalfa.” Address: Associate
in Agronomy, Ohio Agric. Exp. Station, and Prof. of Farm
Crops, Ohio State Univ., Columbus, Ohio.
520. Cartter, J.L. 1931. 4. Effect of latitude on growth and
composition of the soybean. J. of the American Society
of Agronomy 23(12):1066. Dec. Presented as part of
Symposium on Soybeans. Leader: W.J. Morse.
• Summary: “With the rapid growth of the soybean industry
in the United States has come the need of better varieties in
each region where soybeans are grown. The Department of
Agriculture recently introduced several thousand soybean

varieties and selections from the Orient...
“Three varieties differing in their date of maturity have
been grown cooperatively at experiment stations ranging in
latitude from Florida to Canada. Data are presented showing
the effect of change in latitude on the growth and on the oil
and protein content of these varieties. The seasonal change in
number of hours of daylight in different latitudes is charted
and the relation of the daylight duration to date of blooming
and date of ripening of soybeans is brought out. The effect of
time of planting on the date of blooming is also discussed.”
Address: U.S. Dep. of Agriculture.
521. Spencer, G.E.L. 1931. Seed storage and germination.
The use of cool storage in retaining the germinating power of
some oily seeds. Tropical Agriculture (Trinidad) 8(12):333.
Dec. [2 ref]
• Summary: Two tables compare the average germination
percentages of soybeans and peanuts stored for 0, 2, 4, 6, 8
and 10 months in cool storage vs. ambient temperature. A
surprising 89% of soybeans stored under natural conditions
in Trinidad would not germinate (had lost viability) in 10
months but retained full viability for this period in cool
storage (55-60ºF). Address: Dip. Agric. (I.C.T.A.), Dep. of
Botany, Imperial College of Tropical Agriculture.
522. Woodworth, C.M. 1931. 1. Genetics of the soybean. J.
of the American Society of Agronomy 23(12):1064-65. Dec.
Presented as part of Symposium on Soybeans. Leader: W.J.
Morse.
• Summary: “The behavior in inheritance of a score or more
genes has been worked out in the soybean. Most of these are
independent. Three linkage groups are established.
“Numerous crosses have been made at the University
of Illinois for the purpose of studying the inheritance of
characters having to do with the physiology and performance
of the plant. Among these may be mentioned the following:
(1) softness versus hardness of seed coat; (2) pod-bearing
habit; (3) hybrid vigor; and (4) seed yield.” Address: Univ. of
Illinois.
523. Loehwing, W.F. 1931. Effect of soil aeration on growth
and root development. Proceedings of the Iowa Academy of
Sciences 38:71-72. *
• Summary: Loehwing (1931) grew sunflower, flax, wheat,
and soybeans in soil that was aerated for ½ to 5 hours daily.
Two months after planting, the roots of the plants grown in
aerated soil were more numerous, longer, and more fibrous
than those grown in nonaerated soil. The total root surface of
the aerated plants was at least twice that of the control plants.
Address: Univ. of Iowa, Iowa City, Iowa.
524. Craib, W.G. 1931. Flora Siamensis enumeratio. A list
of plants known from Siam with records of the occurrence.
Polypetale. Vol. 1. Bangkok: Siam Society. 809 p. See p.
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438. [7 ref. Eng]
• Summary: “Glycine max... The common soy bean,
frequent in cultivation. Local names: “Tua luang” or “Tua
praluang. Siamese: “Tua nao, Lao, Chiengmai.” Address:
Prof. of Botany, Univ. of Aberdeen, Scotland.
525. Miller, Edwin Cyrus. 1931. Plant physiology: with
reference to the green plant. New York, NY: McGraw-Hill
Book Co. xxiv + 900 p. Illust. Authors’ index. Subject index.
24 cm. Series: McGraw-Hill Publications in the Agricultural
and Botanical Sciences. [40 soy ref]
• Summary: Soybeans are mentioned throughout this
book, as shown in the subject index. An unnumbered list of
references appears at the end of each chapter.
Contents: 1. The plant cell. 2. Solutions and membranes
in relation to the plant cell. 3. The roots of plants. 4. The
intake of water by plants. 5. The intake of solutes by the
plant. 6. The elements absorbed by the plant. 7. The loss of
water from plants. 8. The formation of carbohydrates by the
green plant, 9. The nitrogen metabolism of the green plant.
10. The fat metabolism of the green plant. 11. The process
of digestion in the green plant. 12. The translocation of
materials in plants. 13. The process of respiration in plants.
14. The process of growth in plants. Questions (at the end of
each chapter). Bibliography.
Soybeans are mentioned on pages 7, 37, 107, 127, 129,
141, 199, 200, 212-13, 223-24, 234, 237, 246, 251, 256-57,
261, 263-64, 269, 272-74, 283, 291, 294, 296, 300, 315, 316,
321-22, 355, 365-68, 427, 476, 481, 490, 500, 517, 521-22,
528-30, 538, 544, 547, 558, 561-62, 568, 570, 572-74, 578,
580, 583-84, 586, 597, 599, 610, 614, 634, 637, 657, 659,
718, 727, 734-35, 760, 789, 823, 827, 829-31, 840, 842, 847,
894.
In the index, the long entry for “Soybeans” reads:
“Soybeans, absorption of elements, 237
“acidity, 37
“amino acids, 718
“boron content 269
“calcium-magnesium ratio, 251
“composition, 234
“light rays affecting, 827
“low temperature, effect, 823
“manganese content, 272, 273
“nitrate content, 521
“nitrogen content, 500
“in leaves, 529
“oil formation, 584
“oils of, 568, 570, 573, 578
“phospholipides, 580-581
“proteins, 517
“relation to light, 829-831
“response to barium, 283
“to iron, 263
“to phosphorus, 246

“to potassium, 257
“to strontium, 283
“root oxidation, 129
“stomata of, 321-322
“temperature of leaves, 365-369
“transpiration, 316, 355
“water culture, 200, 212.”
Note: This is the earliest document seen (June 2021)
that mentions “translocation” in connection with soybeans.
Address: Prof. of Plant Physiology, Kansas State Agricultural
College, and Plant Physiologist, Kansas Agric. Exp. Station.
526. Tawada, Shinjun. 1931. Okinawa yakuyo shokubutsu
yakukôzan [Medicinal uses of Okinawa pharmaceutical
plants. 1st ed.]. Naha, Okinawa: Okinawa Shoseki. 205 p.
See p. 102. Illust. [Jap]
• Summary: Page 102 mentions Glycine soja Benth. This
book is in Japanese, with the names of the plants given
in Latin. It discusses the uses of many species, which are
systematically arranged. Mimeographed in Okinawa.
527. Turk, Lloyd Mildon. 1931. The composition of
soybean plants at various growth stages as related to their
rate of decomposition and use as green manure. PhD
thesis, University of Missouri–Columbia. 40 p. In: Library
of Congress. Catalog Div. A List of American Doctoral
Dissertations Printed in 1912-1932. 1932. *
Address: Univ. of Missouri–Columbia.
528. Cutler, G.H. 1932. Germination tests in soybeans.
Purdue Agriculturist (Indiana) 26(6):82, 96. March.
• Summary: Contents: Introduction (some 40 strains of
Manchu variety soybeans were tested). Season an influential
factor. Strains differ in germinability. Hard seeds and
germination. Laboratory and field germination: Results
differ. Soil influenced germination. Growth period, per cent
germination and yield.
A sidebar titled “Twenty-five year with soybeans”
contains a brief biography of Dr. Cutler, who started plant
breeding and crop production experiments at Macdonald
College in [Quebec] Canada as an undergraduate 25 years
ago. In 1909 he received his bachelor’s degree from the
University of Ontario, Guelph, Canada. His master’s
and doctor’s degrees were awarded by the University of
Wisconsin in 1926 and 1928 respectively. “In September,
1926, he became connected with the agronomy department
at Purdue, taking charge of the plant breeding. The greater
part of his time is devoted to the breeding of wheat and
soybeans...”
A photo shows a farmer seated on a “cultipacker” pulled
by two horses. It “breaks the surface crust and aids the
germinating beans in pushing their sprouts through the soil.”
Address: Agronomy Dep.
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529. Dugard, Jean. 1932. La valeur alimentaire et industrielle
du soja [The food and industrial value of soya]. Genie Civil
(Le) 100(17):419-20. April 23. [3 ref. Fre]
• Summary: Contents: Introduction. USDA Farmers’ Bulletin
No. 1617, by W.J. Morse. Botanical characteristics of the
soybean. Composition and food value of the soybean.
Products derived from soya eaten by humans: Tofu, soy oil,
shoyu [soy sauce] (called “soy” in English), soy flour, soy
sprouts, miso, natto. The use of soya as forage. Industrial
uses of soy oil and cake. The soybean in western Europe:
Hansamuehle in Hamburg, Germany; Englehardt & Cie.
in Frankfurt, Germany (making powdered soymilk, soy
caseine, soy lecithin, etc.); Soybean cake used for animal
feed in England, Denmark, Holland, Sweden, and–above
all–in Germany, where more than 2 million tons/year are
consumed.
530. Dobert, H. 1932. Ueber die Reaktionsansprueche der
Sojabohne [On the soil reaction requirements of the soy
bean]. Zeitschrift fuer Pflanzenernaehrung, Duengung,
Bodenkunde 11(4):173-76. “B” Series. April. [1 ref. Ger]
• Summary: In German soils (unlike those of America) the
growth of the soy bean is markedly affected by soil reaction.
Disease was prevalent in acid soils (pH < 5.0), moderate
growth occurred in soils of pH 5.5, and at pH 7.0 good crops
were obtained. The optimum pH is probably > 7.0. Address:
Lueneburg, Germany.
531. Rogers, C.H.; Shive, J.W. 1932. Factors affecting the
distribution of iron in plants. Plant Physiology 7(2):227-52.
April. [31 ref]
• Summary: Experiments with soybeans and several other
plants (Oxalis and Rumex).
“Summary: 1. Plants which yield composite tissue fluids
having high pH values in general show very low soluble
(filterable) iron content and very high total iron.
“2. Plants which yield composite tissue fluids having
low pH values in general show relatively high soluble iron
and low total iron. In some cases nearly all of the iron in the
plant samples appears in the filtered extracts.
“3. The range of pH values over which iron appears to
precipitate in plants of different species is wider than the
corresponding range for inorganic systems...” Address: Dep.
of Plant Physiology, New Jersey Agric. Exp. Station.
532. Arceneaux, G.; McKaig, N., Jr.; Stokes, I.E. 1932.
Studies of soybeans and other green manure crops for
sugarcane plantations. J. of the American Society of
Agronomy 24(5):354-63. May. [1 ref]
• Summary: Good results have been obtained by growing
soybeans in a sugarcane rotation. In 1930, the authors
conducted experiments at the U.S. Sugar Plant Field Station
near Houma, Louisiana, to compare the relative greenmanuring value of several leguminous plants and the best

methods of handling soybeans. It was found that in the sugarcane rotation, soybeans should be planted in the early spring
and yield the maximum green and dry matter and nitrogen
when in full bloom.
Tables show fresh weight, dry weight, and nitrogen
content of legumes when planted on different dates and
harvested at varying stages of maturity. Address: Div. of
Sugar Plant Investigations, USDA.
533. Eckerson, Sophia H. 1932. Conditions affecting nitrate
reduction by plants. Contributions from Boyce Thompson
Institute 4(2):119-30. June. [8 ref]
• Summary: Eckerson found that the quantity of reductase
in soybeans amounted to only 31 to 36 per cent of that in the
unshaded plants when grown under conditions of only 34 per
cent of total solar energy. When grown under an 8-hr. day
and a 16-hr. night, the amount of reductase was only 1 to 5
per cent of that of the plants in full daylight. Address: Ithaca,
New York.
534. McHargue, J.S.; Roy, W.R.; Pelphrey, J.G. 1932.
The iron, manganese, copper, zinc and iodine content of
some important forage crops. J. of the American Society of
Agronomy 24(7):562-65. July.
• Summary: The crops were soybean, sweet clover, alfalfa,
bluegrass, corn stover and wheat straw. In ounces per ton
of dry crop, soybean contained: iron 8.0, copper 0.26,
manganese 3.9, and zinc 1.6. Address: Dep. of Chemistry,
Kentucky Agric. Exp. Station, Lexington.
535. Albrecht, William A. 1932. Calcium- and hydrogen-ion
concentrations in the growth and inoculation of soybeans. J.
of the American Society of Agronomy 24(10):793-806. Oct.
[6 ref]
• Summary: Failure of soy beans on acid soils is related
more closely to calcium deficiency than to high hydrogen ion
concentration. A minimum supply of calcium is necessary
for growth and still further amounts are necessary before
inoculation can take place. The efficiency of calcium
compounds in this respect is probably dependent on the
calcium ion concentration to which they give rise, and in
materials examined was in the order calcium chloride =
calcium carbonate > calcium acetate > adsorbed calcium.
Address: Prof. of Soils, Missouri Agric. Exp. Station.
536. Edwards, Thomas I. 1932. Temperature relations of seed
germination. Quarterly Review of Biology 7(4):428-43. Dec.
[55* ref]
• Summary: Gives a history of research on the subject, and
discusses relations of germinating soybeans to temperature
and length of incubation time.
The literature on this subject can be divided into two
periods: (1) From 1860 to 1878. (2) From 1904 to the
present.

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 267
“In 1874 and 1875 Friedrich Haberlandt (refs. 25, 26)
contributed two important papers, which were so thoroughly
and carefully executed that they appear to have removed the
incentive for further work in the field until about the end
of the 19th century.” Address: Dep. of Biology, The Johns
Hopkins Univ., Baltimore, Maryland.
537. Enken, V.B. 1932. K poznaniiu ekologogeograficheskikh tipor soi [A contribution to the knowledge
of the geographical types of the soybean]. Trudy po
Prikladnoi Botanike, Genetike i Selektsii (Bulletin of Applied
Botany, Genetics and Plant Breeding, Leningrad) No. 1. p.
47-69. Series 9. Technical Plants. [2 ref. Rus; eng]
• Summary: “Summary: The study of the collection of
soybeans gathered by the expeditions of the Institute of Plant
Industry, in different countries, has enabled us to establish
definite climatical types of the soybean.
“The soybean of Japan is characterized in the bulk by
large features. In this country are concentrated large leaves,
large seeds and large pods, the latter usually dehiscing. The
majority of forms of the soybean shows a long vegetation
period.
“The Japanese soybean falls into two principal
climatypes: the climatype of the plains and the mountain
climatype.
“The climatype of the plains is distinguished by tall
habit, vigorous development, and a series of other characters.
“The mountain climatype is represented by plants of
short habit, showing a shorter vegetation period than the
climatype of the plains. Within the limits of this ecotype very
early forms have been met with.
“The soybean of Korea belongs to the Japanese
climatype of the plains.
“In China a group has been found, characterized by tall
habit, frequently by a nutating [sic] stem and profuse foliage;
by its vegetation period the Chinese soybean belongs to the
late forms.” Note: A “nutating stem” rotates on its axis; one
example of this is heliotropism.
“The soybean of Chinese Turkestan refers, by its
principal characters, to the same group.
“The climatype of India is represented by forms with
very small seeds, thin stems and small leaves; the period of
vegetation is very long.
“The climatype of Northern Manchuria embraces the
midseason and early forms of the soybean, which reach full
maturity under the conditions of the Northern Caucasus.
From the appearance of the seedlings to the beginning of
maturation, elapse 103-115 days.
“The soybean of Northern Manchuria shows sharp
fluctuations in regard to some characters.
“Forms of the Japanese mountain climatype, are met
with here as a very rare exception.
“Some soybean varieties of the Kharbin [Harbin]
Experiment Field, as No. 118, 231a, show a high productivity

under the conditions of the Northern Caucasus, where, they
are being propagated at the present time. The soybean of the
Maritime Region in USSR shows no great differences from
the Manchurian one, with which it forms one climatype.
During the very last years, a variety of the South-Manchurian
Experiment Station, the Gunchjulin soybean, has gained
wide spread. Its vegetation period is somewhat longer than in
Northern Manchuria.
“Forms of the Japanese mountain climatype are of more
frequent occurrence than in Northern Manchuria.
“For the purposes of plant breeding carried on by the
method of pure lines, under the conditions of European
USSR, in the regions of soybean cultivation, the soybean
of Northern Manchuria and that of the Maritime region of
USSR are the most valuable. The soybean of Japan, Korea,
China and India may serve as stock of separate valuable
characters, when the method of hybridization is used.
Japan, in particular, shows a great number of forms with
high branching–one of the most valuable characters from a
practical point of view.
“Note: Circumstances beyond the author’s control have
considerably delayed the publication of this essay. It must
be noted that at the present time (1931) we distinguish, in
correspondence with the established ecotypes, the following
subspecies:
“subsp. japonica m.
“subsp. chinensis m.
“subsp. indica m.
“subsp. manshurica m.
“Subsp. japonica m falls into prol. montana m and prol.
vallicula m.
“The diagnoses will be given in the next paper.”
538. Lysenko, T.D. 1932. K voprosu iarovizatsii kukuruzy,
prosa, sudanki, sorgo i soi [On the jarovization of maize,
millet, sudan grass, sorghum and soybeans]. Biulleten’
Iarovizatsii (Bul. Jarov) No. 2-3. p. 46-64. [Rus]*
539. Edwards, Thomas Isaac. 1932. Relations of germinating
soybeans to temperature and length of incubation time.
PhD thesis in biology/botany, Johns Hopkins University,
Baltimore, Maryland. Summarized in Quarterly Review of
Biology 7(4):428-43, and Plant Physiology 9:1-30. [55 ref]
• Summary: The optimal temperature for germination
of Black Eyebrow soybeans is 33.0 to 36.5ºC. Address:
Maryland.
540. Rueffer, Ernst. 1932. Forschungen zum
Kohlenhydratumsatz bei knoellchentragenden und
knoellchenfreien Sojabohnen [Carbohydrate exchange in
nodule-bearing and nodule-free soya beans]. Zeitschrift fuer
Pflanzenernaehrung, Duengung, Bodenkunde 24(3/4):12967. Series A. [67 ref. Ger]
• Summary: Nitrogen fixation by nodule bacteria is largely
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dependent on the available carbohydrate supply in the
plant. Plants grown under sterile conditions with generous
nitrogen manuring had a lower nitrogen content than those
inoculated with bacteria but receiving no fertilizer, although
the initial intake of nitrogen was more rapid. Inoculated
plants showed greater assimilation in the early growth stages
and a consequent increase in sugar and starch contents. In
later stages the carbohydrate content fell below that of sterile
plants as a result of utilization by the nodule organisms.
Rueffer collected a vast quantity of data that dealt with
the changes in the level of various carbohydrate fractions
as related to the uptake of free and combined nitrogen
by soybeans. Most of the data are in tabular form, which
makes interpretation more difficult. Address: Aus dem
Agrikulturchemischen und Bakteriologischen Institut der
Schlesischen Friedrich-Wilhelms-Universitaet zu Breslau
[Wroclaw], German Lower Silesia.
541. Andrews, W.B. 1933. Nitrogen fixation by soybeans
(Abstract). Proceedings of the Annual Convention of the
Association of Southern Agricultural Workers 34:70. 34th
annual convention. Held 1-3 Feb. 1933, New Orleans,
Louisiana.
• Summary: “Experiments were conducted in the greenhouse
and in the field to determine the relative nitrogen fixing
capacity of Laredo, Mammoth Yellow, and Otootan varieties
of soybeans as measured by the quantity of nitrogen (1) in
the roots, (2) in the tops, and (3) the yield of tops on good
and poor soil and with good and poor strains of nodule
bacteria.”
“On the poor limed soil (slightly acid after liming)
Mammoth Yellow produced 773 pounds more tops per acre
and 26 pounds more nitrogen than the Laredo. The Otootan
produced 1,204 pounds more tops than the Laredo. On good
soil there was little difference in Laredo and Mammoth
Yellow, while Otootan produced 1,289 pounds more tops and
34 pounds more nitrogen than the Laredo. This indicates that
a varietal difference in nitrogen fixing capacity exists, and
that it is masked on fertile soil.” Address: Mississippi Agric.
Exp. Station [State College, Mississippi].
542. Robertson, D.W.; Lute, A.M. 1933. Germination of
the seed of farm crops in Colorado after storage for various
periods of years. J. of Agricultural Research 46(5):455-62.
March 1. [10 ref]
• Summary: Table 1 shows that the soybean variety
Wisconsin Black was grown in the years 1923 and 1924.
Table 4 (p. 459) shows that Wisconsin Black soybeans
(2 crops tested) had 100% germination the 1st year, 101.1%
germination the 2nd year,
93.0% the 3rd year,
86.6% the 4th year,
90.1% the 5th year,
83.6% the 6th year,

61.2% the 7th year, and
48.1% the 8th year, which is the last year given.
Address: 1. Assoc. Agronomist; 2. Seed Analyst. Both:
Colorado Agric. Exp. Station.
543. Jenny, Hans; Cowan, E.W. 1933. The utilization of
adsorbed ions by plants. Science 77(1999):394-96. April 21.
[2 ref]
• Summary: Soybean seedlings were grown to study
adsorption of exchangeable ions in the soil. Soybean plants
were grown in different systems containing calcium as the
only nutrient ion. In one system it was free in solution, in
another it was adsorbed on colloids, while in a third it was
fixed in the interior of crystals. They found that with a low
content of calcium the plant yields were much higher for the
free-calcium system than for the adsorbed one, indicating
that the plant encounters considerable difficulty in obtaining
the adsorbed ions. With higher concentrations of calcium,
however, the plants grew best in the adsorbed system. They
believed their work indicated that excreted hydrogen ions
replaced the calcium ions on the clay, thus enabling calcium
to enter the plant. They considered it probable that, inasmuch
as the plant can feed successfully on adsorbed ions, the
significance of the ‘soil solution’ has been overestimated.
According to them the solubility concept is not wholly
adequate to account for plant growth in soils of humid
regions, and they considered that ionic exchange must be
given consideration in a discussion of the uptake of ions by
plants. Address: Dep. of Soils, Missouri Agric. Exp. Station.
Columbia, Missouri.
544. Hopkins, E.W. 1933. Leaf-wrinkle, a nutritional
disorder of soy bean. Plant Physiology 8(2):333-36. April. [5
ref]
• Summary: The appearance of the disease is related to the
relative proportions of potassium, calcium and magnesium
in the nutrient, and is less acute where the nitrogen supply
is high. Nitrogen supplied as potassium nitrate caused
more injury than as calcium nitrate. The most severe injury
occurred in nutrients having a (low) calcium to magnesium
ratio of approximately 1. Address: Hull Botanical Lab., Univ.
of Chicago (National Research Council Fellow).
545. Garner, W.W. 1933. Comparative responses of long-day
and short-day plants to relative length of day and night. Plant
Physiology 8(3):347-56. July
• Summary: “In the first paper by Garner and Allard dealing
with the effect of length of day on plant growth, published
about 12 years ago [i.e., in 1920], two broad facts were
brought out with respect to initiation of sexual production,
namely: (1) that some plants are more sensitive than others to
the length-of-day factor; (2) that of the more sensitive group
some respond to relatively long days while others respond
to relatively short days. Thus we have one group embracing
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what may be designated as the indeterminate type of plant
and a second group which can be conveniently divided into
the long-day type and the short-day type.” Address: Bureau
of Plant Industry, USDA, Washington, DC.
546. Sasaki, Shûiku. 1933. Daizu hatsuga no sai ni okeru
tansui kabutsu no shinchin taisha ni tsuite [Carbohydrate
metabolism of the soya-bean during germination]. Nippon
Nogeikagaku Kaishi (J. of the Agricultural Chemical Society
of Japan) 9(7):693-96. July. [14 ref. Jap]
• Summary: Reducing sugar, produced after germination in
the dark, decreased after one week; sucrose and stachyose
decreased gradually. Dextrin and starch were found in
the germinated seeds and increased considerably. During
germination araban and cellulose increased, while galactan
decreased. Address: Kyushu Teikoku Daigaku, Nôgaku-bu,
Nogei Kagaku Kyoshitsu.
547. Warington, Katherine. 1933. The influence of length
of day on the response of plants to boron (Open Access).
Annals of Botany 47(3):429-58. July. [19 ref]
• Summary: Experiments with barley, beans, soybeans, and
peas. “Summary: 1. The reduced length of day rather than
the lower temperature is the factor controlling the delay in
appearance of boron deficiency symptoms during the spring
and autumn, compared with the summer months...” Address:
Botany Dep., Univ. of Glasgow [Scotland].
548. Albrecht, Wm. A. 1933. Inoculation of legumes
as related to soil acidity. J. of the American Society of
Agronomy 25(8):512-22. Aug. [16 ref]
• Summary: “Summary: As a result of these studies on
nodule production by soybeans as correlated with the degree
of acidity and the available calcium supply in the soil, it is
evident that the degree of soil acidity is responsible as an
environmental factor for nodulation failure on excessively
sour soils. In the experiments reported herewith, the acidity
at which this failure occurred was at pH 5.0 and lower
values. With pH figures larger than this, or soils less acid,
the nodulation failure was brought about not so much by
the degree of acidity as by the deficiency of the available
calcium in the soil. These data point to a decided effect of
the element calcium on nodule production in soils with a pH
of 5.5 and higher and to an increasing nutritional influence
of this element as the soils are less acid. These experiments
separate for the first time the effect on nodulation of
hydrogen-ion concentration from that of available calcium
and further serve to direct attention to the supply of available
calcium of the soil as one of the essential conditions for
growth and thorough inoculation of soybeans, or possibly
other legume crops...” Address: Prof. of Soils, Dep. of Soils,
Missouri Agric. Exp. Station, Columbia, Missouri.
549. McCool, M.M. 1933. Effect of thallium sulphate on

the growth of several plants and on nitrification in soils.
Contributions from Boyce Thompson Institute 5(3):289-96.
July/Sept. [5 ref]*
• Summary: He noted that the presence of 2.1 p.p.m.
of thallium sulphate in sandy loam slightly retarded the
development of the roots and tops of soybean, wheat,
buckwheat, alfalfa, corn, tobacco, and tomato plants, while
an application of 8.5 p.p.m. was very injurious. Address:
Ithaca, New York.
550. Austin, Stanley. 1933. Vegetation and reproduction in
the soy-bean. Science 78(2025):363-64. Oct. 20. [1 ref]
• Summary: “In the soy-bean vegetative growth stops at
about the same time that the fruits begin to enlarge and the
plant dies when the seeds are ripe. To all appearances the
curtailment of growth is just another case of correlation
between the vegetative and reproductive functions. However,
removal of the flowers does not affect the growth of the soybean as it does that of many other plants.”
“The soy-bean is a photoperiodic plant, and it is believed
that the shortening of the day length not only initiates the
reproductive phase but also curtails vegetative processes.”
Address: Dep. of Botany, State Univ. of Iowa.
551. Fukuda, Yasona. 1933. Cyto-genetical studies on the
wild and cultivated Manchurian soy beans (Glycine L.).
Japanese J. of Botany 6(4):489-506. Dec. 20. [15 ref]
• Summary: Contents: Introduction: Three Glycine species
are treated in this paper: 1. Glycine hispida Max (Glycine
Soja Benth.). 2. Glycine gracilis Skvortzow. 3. Glycine
Soja Siebold et Zuccarini (Glycine ussuriensis Regel et
Maack). Material and methods. Number and morphology of
chromosomes. Development of the pollen grains. Weight of
seeds of the Glycine species. Genetical difference among the
Glycine species. Origin of soy beans. Summary. Literature
cited. Explanation of plates XXI-XXII.
Describes the first reported cross between Glycine
species made by Nakatomi and Nibe around 1917–and
not yet published. They crossed the soybean (Glycine
soja) with the wild soybean (Glycine ussuriensis), making
hybrids of these two species with the object of making
a new commercial form; their observations reached the
F-4 generation. Fukuda considers G. gracilis to be the
intermediate species between the domesticated soy bean
and G. ussuriensis, the wild annual soybean which grows in
Manchuria and has 40 somatic chromosomes.
Fukuda suggests that soybeans originated in Manchuria,
probably from the wild species, and he argues strongly for
a soybean gene center in Manchuria, where soybeans were
first domesticated. His reasons are as follows: (1) Glycine
gracilis, the weedy form is distributed widely in Manchuria
but less frequently in other regions of China; (2) Numerous
soybean varieties are grown in Manchuria; (3) Many of the
soybean varieties in Manchuria appear to have primitive
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characteristics.
Hymowitz (1970, p. 417) attempts to refute Fukuda’s
theory.
Photos show: (1) Four soybean plants hanging upsidedown against a white background: (a) Glycine hispida Max
(Huang-pao-chu). (b) Glycine gracilis Skvortzow, the line
with large seeds. (c) Glycine gracilis Skvortzow, the line
with small seeds. (d) Glycine Soja S. et. Z. [Siebold &
Zuccarini].
(2) Glycine gracilis Skvortzow, right side up against a
white background. Left–Hyspida [sic] type. Right–Soja type.
Address: Manchuria Medical College, Japanese Concession,
Mukden, Manchuria.
552. Sasaki, Shûiku. 1933. Studies on the germination
of seeds. III. Transformation of carbohydrates during
germination of soy-bean seeds. Bulletin of the Agricultural
Chemical Society of Japan 9(10-12):181-82. Oct/Dec. Bound
in the back/front of Nippon Nogei Kagaku Kaishi (J. of the
Agricultural Chemical Society of Japan). [3 ref. Eng]
• Summary: The course of germination of the seeds is
marked by an initial increase (5 days) and a subsequent
decline in reducing sugar content, a steady decrease in
sucrose, stachyose, and galactan, and an increase in starch,
dextrin, pentosan, and crude fiber. The total carbohydrate
content of the seeds did not change appreciably during the
first 10 days of germination. Address: Biochemical Lab.,
Dep. of Agriculture, Kyûshû Imperial Univ.
553. Momot, J.G. 1933. [A contribution to the question of
drought resistance in the soybean]. Trudy po Prikladnoi
Botanike, Genetike i Selektsii (Bulletin of Applied Botany,
Genetics, and Plant Breeding, Leningrad) 9(1):71-97. [Rus]*
• Summary: The soy bean is not so well adapted to the
climate of arid regions as some authors think. Under the
conditions of the European part of the USSR (little rainfall,
low air humidity and dry winds during the summer months)
the soy bean often yields minimum crops. The possibility
of cultivating the soy bean in arid regions will chiefly
depend on whether sufficient drought-resistant varieties are
available. Address: USSR.
554. Bordakov, P.P. 1933. Teoriya korrelyatsii v primenenii
k selektsii soi [The theory of correlation as applied to the
breeding of the soybean]. Trudy po Prikladnoi Botanike,
Genetike i Selektsii (Bulletin of Applied Botany, Genetics
and Plant Breeding, Leningrad) No. 1. p. 195-225. Series 3.
Physiology, biochemistry and anatomy of plants. Englishlanguage summary p. 224-25. [2 ref. Rus; eng]
• Summary: “Our experiment points out that the first
selection of the soybean samples must take place on a
more rational and scientific basis. For this purpose one
ought to avail oneself of the correlations joining the
different chemical substances (and their properties) into the

harmonious organism of a grain. These correlations allow
[one] to make extensive use of the method of the preliminary
singling out of the most valuable material, which accelerates
consequent analytical work, and makes one confident of
success.” Address: USSR.
555. Hou, Kia-wo (Hu, Chia-mo). 1933. Contribution
à l’étude de l’action des ferments de la graine de soja
sur les lipides [Contribution to the study of the action of
soybean enzymes on soybean lipids]. PhD thesis, Faculte
des Sciences, Paris. 76 p. Printed as a book by Les Presses
Modernes, Paris. No index. 28 cm. [92 ref. Fre]
• Summary: Contents: Introduction. 1. The soybean
from botanical, agricultural, chemical, physiological, and
biochemical viewpoints. 2. Soy-based food and industrial
products. 3. Study of the transformations undergone by lipids
in the production of soymilk and tofu. 4. The existence of
oxidative ferments of lipids or “lipoxydases” in soybean
seeds and in common beans. 5. Study of soybean lipoxydase.
6. Comparative study of normal soy oil and that oxidized by
soy lipoxydase. 7. The action of soy lipoxydase on various
other animal and vegetable oils (non-drying, semi-drying,
drying, from marine animals, from terrestrial animals). 8.
Gas-volumetric studies concerning the action of lipoxydase.
Conclusion. Bibliography.
In the book, the author (who is from Kirin [later called
Jilin], Manchuria) pays homage to Gabriel Bertrand (his
“president of thesis”) and his “maitres” Richard Fosse (a
professor) and Emile Andre.
In the Introduction we read: “It was right after the first
foreign threats that a group of young Chinese decided to
come to Europe to study under the patronage of the FrancoChinese Society for Education (Société Franco-Chinoise
d’Education) in order to acquire the new knowledge which
would better allow us to assure the defense of our country.
Let us render a just homage to the founders of this society:
Tsai Yuen-Pei, Li Yu-Ying, Painlevé and Herriot... At the
time of my return to China 4 years ago (i.e. 1929) it was
thanks to the recommendations of Doyen Maige and of
professors Pelabon, Pariselle and Fosse that I was able to
find a good welcome near to Presidents Li Yu-Ying and
Li Shou-Hua, and to obtain a grant / scholarship from the
Academie Nationale de Peiping which had just been created
at this time... My thanks go also to the address of presidents
Li Yu-Ying and Li Shou-Hua for the aid and encouragement
which they have so well accorded me.
This study has as its point of departure a study of
the transformations which are undergone by the lipids in
soybeans in the production of soy milk and cheese [tofu].
That study, conducted under the direction of Emile Andre,
was published (with Andre as the primary author) in 2
articles in 1932 in the Comptes Rendus des Seances de
l’Academie des Sciences (Paris). Address: Paris.
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556. Patel, Zaver Harka. 1933. Cause of seed abortion in
soybeans and other crop plants. PhD thesis, University of
Illinois. 8 p. (Abstract from thesis).
• Summary: The author, born in India in 1903, received
his MSc degree from the Univ. of Bombay in 1930. This
dissertation begins:
“Failure of ovules to develop into normal seeds is
termed seed abortion and the undeveloped seeds are called
abortive seeds.
“Abortiveness of seeds is a serious problem from
the standpoint of yield in many important crops, such as
soybeans, and from the standpoint of both yield and quality
in cotton. When the amount of abortion in soybeans, for
example, is as high as 20 per cent, the yield of good seeds
is only 80 per cent of the potential yield. But if the actual
yield could be made to equal the potential yield, i.e., if all
the abortive seeds could be made to develop normally, the
increase would be 25 per cent. Abortiveness in soybeans
ordinarily ranges from 10 per cent to 40 per cent, and in
cotton from 15 to 40 per cent. Economically, therefore, the
problem of abortiveness is of considerable importance.
“Field experiments were conducted on seed abortion
in 8 varieties of soybeans–Harbinsoy, Illini, Mandarin,
Mansoy, Morse, Ohio 13-177, Virginia, and W. Virginia No.
8–under two different sets of soil and climatic conditions at
the Agronomy South Farm, Urbana, Illinois, and at Toledo,
Illinois, 65 miles south of Urbana. These experiments
brought out the following facts:
“1. Soil type does not have a direct effect on seed
abortion.
“2. Seed abortion does not bear any relation to visible
plant characters such as:
“(a) rate of growth of the plants as measured, by their
dry weights,
“(b) number of nodes per plant,
“(c) number of pods per plant,
“(d) number of seeds per plant,
“(e) number of seeds per pod,
“(f) size of seed as measured by its weight, and
“(g) yield of seeds per plant.
“3. Plant nutrition, in itself, has no effect on seed
abortion.
“4. The amount of abortiveness is different in different
varieties of soybeans in any given year and the ranking of
different varieties in this respect is not the same from year to
year.”
Page 4: Adequate moisture “seems to be the primary
factor affecting seed abortion.”
Page 5. A high percentage of the abortive seeds are in
the basal portion of the pod.
Page 6. The tip of the soybean plant will have immature
pods throughout the reproductive stage, and this area has the
greatest amount of abortion.
Pages 7-8. Some varieties of soybeans are more resistant

to drought than others; a method for determining the most
resistant varieties is described. Address: Dep. of Agronomy,
Univ. of Illinois, Urbana.
557. Sun, Hsing-tung (Swen, Moses Sing-dung). 1933.
Factors affecting flower shedding in soybeans. PhD thesis in
Agronomy, University of Illinois. 6 p. (Abstract). *
Address: Univ. of Illinois.
558. Edwards, Thomas Isaac. 1934. Relations of germinating
soy beans to temperature and length of incubation time.
Plant Physiology 9(1):1-30. Jan. [41 ref]
• Summary: The optimal temperature range for germination
of Black Eyebrow soy beans was found to be 33.0º-36.5º.
Within this range: 1. the least time was required for the
appearance of any given germination percentage; 2. the
greatest percentage of seeds germinated during any of the
incubation periods tested; and 3. the mean incubation time
was shortest. Note: This article is based on his 1932 PhD
thesis. Address: Johns Hopkins Univ., Baltimore, Maryland.
559. Ulvin, Gus B. 1934. Chlorophyll production under
various environmental conditions. Plant Physiology 9(1):5981. Jan. [11 ref]
• Summary: In soybeans, radishes, and corn.
“2. Size of leaves in the soy bean increased with age
in both light periods, but much more rapidly in continuous
light. When 66 days old the leaves in continuous light were
more than three times as large as those of the same age in the
10-hour period.”
“4. On the average, leaves developed in continuous light
contain more chlorophyll on the green weight, dry weight,
and area basis than do those developed in a short light
period.
“5. Vegetative activity in soy beans seemed to increase
with age in continuous light exposure; the reverse was the
case with a short exposure.” Address: Hull Botanical Lab.,
Univ. of Chicago [Illinois].
560. Culter, G.H. 1934. A simple method for making soybean
hybrids. J. of the American Society of Agronomy 26(3):25254. March. [3 ref]
• Summary: “Artificial crossing in soybeans is at best
a difficult and tedious operation and is not infrequently
attended by negative results.” The writer obtained an
estimated 5 percent cross-pollination in open plots
surrounded by 36-inch cheesecloth fences with an apiary
nearby. Address: Purdue Agric. Exp. Station, Lafayette,
Indiana.
561. Whitney, Robert F. 1934. Plant hunters scour jungles for
flora. Washington Post. May 20. p. B3.
• Summary: Knowles A. Ryerson, now chief of USDA’s
Bureau of Plant Industry, but formerly head of the
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department’s plant exploration work, states: “An agricultural
explorer has to be a natural plant lover and must have
studied botany. He must have worked with plants in field and
garden.” He must “bring ‘em back alive.”
“Soy beans are now an important crop in a wide area.
Several explorers have brought back from the Orient the
varieties from which our most important types have been
developed. Recently P.H. Dorsett and W.J. Morse returned
from a three-year trip with almost 4,000 strains and types
now under trial here.”
562. Willis, L.G.; Piland, J.R.; Gay, R.L. 1934. The influence
of magnesium deficiency on phosphate absorption by
soybeans. J. of the American Society of Agronomy 26(5):41922. May. [3 ref]
• Summary: Calcium and magnesium are equally effective
in influencing the absorption of phosphate ions by soya-bean
plants. If the supply of calcium is generous, the phosphate
ion intake is not retarded by magnesium deficiency. Address:
1. Soil Chemist; 2. Asst. Soil Chemist; 3. Fellow. All: Dep.
of Agronomy, North Carolina Agric. Exp. Station, Raleigh,
NC.
563. Allison, Franklin E.; Ludwig, C.A. 1934. The cause
of decreased nodule formation on legumes supplied with
abundant combined nitrogen. Soil Science 37(6):431-43.
June. [28 ref]
• Summary: Includes brief review of Strowd’s work on
soybeans in 1920. Address: Bureau of Chemistry and Soils,
USDA.
564. Weatherspoon, J.H.; Wentz, J.B. 1934. A statistical
analysis of yield factors in soybeans. J. of the American
Society of Agronomy 26(6):524-31. June. [1 ref]
• Summary: This is a study of the relation between certain
plant characteristics and the yield in 237 strains of soybeans.
Significant simple correlations were found between yield and
height of plant, number of nodes per plant, number of pods
per plant, and number of pods per node. Height of plant and
number of pods per plant were the most important characters
in estimating yield. Woodworth (1932 at the University
of Illinois) has done the only significant previous work on
yield analysis in soybeans. Address: Dep. of Agronomy,
Massachusetts State College, Amherst, MA.
565. Loehwing, W.F. 1934. Physiological aspects of the
effect of continuous soil aeration on plant growth. Plant
Physiology 9(3):567-83. July. [46 ref]
• Summary: Experiments with sunflowers and soybeans.
Summary: 1. Aerated sunflower and soy bean plants
grown in sand and loam differed from unaerated controls in
the following ways:
“(a) Taller in size and heavier in weight as a result of
early rapid growth.

“(b) Larger in root system, more fibrous, and more
highly branched; root cells heavier walled and higher in
reserve carbohydrates.
“(c) More rapid nutrient absorption as shown by higher
content of ash, calcium, potassium, and phosphorus per plant
in terms of absolute weight of entire plants.
“(d) Higher in total weight per plant of crude fiber,
starch, total sugars, and nitrogen.
“(e) More alkaline expressed sap in tops and roots; tops
had a higher buffer capacity but the roots a lower buffer
capacity against alkali and acid.
“(f) Smaller top-root ratios in terms of fresh weight than
in controls.” Address: Univ. of Iowa, Iowa City, Iowa.
566. Lyon, T.L.; Bizzell, J.A. 1934. A comparison of
several legumes with respect to nitrogen accretion. J. of the
American Society of Agronomy 26(8):651-56. Aug.
• Summary: Soybeans (Soja max, also spelled “soy beans”)
are compared with seven other legumes. In the trial soy
beans alternated with barley or rye.
“Of the legume grain and auxiliary crops soy beans were
outstanding in their ability to fix nitrogen. The other legumes
in these two classes, which comprised vetch, field peas, and
field beans, were much less effective.” Address: Profs. of
Soil Technology, Dep. of Agronomy, Cornell Univ., Ithaca,
New York.
567. Veatch, Collins. 1934. Chromosomes of the soy bean.
Botanical Gazette 96(1):189. Sept. [1 ref]
• Summary: The haploid chromosome number of the
domesticated soybean is 20, so the diploid number 2n = 40.
Address: Argo, Illinois.
568. Kornfeld, Arnold. 1934. Die Bedeutung des Kaliums
fuer die Oelbohne [The importance of potash/potassium for
soy beans]. Ernaehrung der Pflanze (Die) 30(20):335-43.
Oct. 15. [40 ref. Ger]
• Summary: Potassium manuring increases the protein and
oil content of soya beans. Large applications tend to retard
maturity and increase the resistance of the plants to frost.
Deficiency of potassium causes leaf spotting, increases
transpiration, and restricts soil-water absorption. Note: The
author uses the term “Oelbohne” to refer to the soybean.
Address: Versuchsleiter, Aus der Versuchswirtschaft
der Siebenbuergisch-Saechsischen landwirtschaftlichen
Lehranstalt zu Mediasch (Medias), Romania.
569. Gerretsen, F.C. 1934. Over de invloed van enting op
de opbrengst aan zaad en het gehalte aan eiwit, olie en
lecithine bij soja [The influence of inoculation on the yield of
soybean seeds and their content of protein, oil, and lecithin].
Landbouwkundig Tijdschrift, Maandblad 46(567):823-37.
Dec. [16 ref. Dut]
• Summary: Note: This is the earliest Dutch-language
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document seen (Feb. 2016) that mentions lecithin,
which is refers to as lecithine. Address: Dr., Ir.,
Directeur der Microbiologische Afdeeling van het
Rijkslandbouwproefstation te Groningen.
570. Stitt, R.E. 1934. The effect of depth of planting on the
germination of soybean varieties. J. of the American Society
of Agronomy 26(12):1001-04. Dec.
• Summary: The researcher studied the relationship between
depth of seeding, soil type, soil temperature, and seed size
and their effects on the germination of the Habaro, Ito San,
and Illini varieties of soybeans.
He found a reduction of stand from seeding deeper
than 2 inches in a fine sandy loam and 1 inch in a clay soil
(upon which a surface crust can easily form). He obtained
satisfactory stands to depths of 4 inches in the loam and 2
inches in the clay soils.
Increasing the depth of planting caused a progressive
lengthening in the germination period.
“Germination at cool temperatures was slow and
resulted in a reduction of the number of emerged seedlings.
“Smaller seeded varieties germinated in less time and
better at greater depths of seeding than the larger varieties.”
Habaro weighed 20.45 gm per 100 seed. Ito San
weighed 17.05 gm per 100 seed. Illini weighed 12.08 gm per
100 seed. Address: Dep. of Agronomy, Massachusetts State
College, Amherst, Mass.
571. Klecka-Fabian, ? 1934. Olejniny: (Soja hispida Moench,
Glycine hispida) [Oil plants (Soybean hispida Moench,
Glycine hispida)]. Prague. [Cze]*
Address: Czechoslovakia.
572. Lobanov, V.J. 1934. Dunganskaya soya [The Dungan
soybean]. Trudy po Prikladnoi Botanike, Genetike i Selektsii
(Bulletin of Applied Botany, Genetics and Plant Breeding,
Leningrad) No. 9. p. 85-86. Series A. [Rus]
• Summary: A brief description of this plant native to China
with notes on its properties and cultivation.
The soybean is considered to have been cultivated for
several thousand years in the countries of Eastern Asia:
China, Manchuria, Korea and Japan. In the last few years
enormous areas were allotted to soybeans in North America,
where it is sown as an oil and feed plant. Since 1924,
planting of soybeans has also increased quickly in the USSR.
It is sown here as an oil plant; seeds are supplied mainly
from China and Manchuria.
The question of the creation of different varieties,
adapted often to dry conditions, is a pledge of quick
development of this crop; because the discovery of the local
soybean we describe is considered more than a 60 year old
crop in southeastern Kazakhstan, doubtlessly it has colossal
value and a big future for the development of the soybean
crop in arid districts (raiony).

In 1870 one of the Chinese nationalities, the Dungan
(the Russian term for the Hui, China’s second largest
minority), resettled from Western China to the boundaries
of the Semirechenski oblast’. They brought with them many
varieties of soybeans, [a crop] that was unknown there at that
time. They began to grow soybeans in small quantities. In a
number of places this crop found a new homeland for itself,
but only among the Dungans themselves, who by rights
considered themselves good “cookery specialists.” Soybeans
didn’t transfer to the Russian settlements and Aborigine
population–Kazakhs and Kirghiz, because of the relative
isolation of the Dungan and the inability of Russians and
Kazakhs to cultivate the soybean, even to prepare food from
this plant.
Among these Dungan people soybeans have been
protected up to this time, true, only in a few settlements and
in very small quantities, in personal plots.
While taking part in an expedition, we visited the
Dungan settlements of Shor-Tiube and Karakuna, which are
located 60 km. from the city of Frunze, in the territory of
the Kurdaiskii district (raion) of the Kazakh ASSR. In the
territory of the Kirghiz ASSR we visited the settlement of
Aleksandrovskii, 30 km. from Frunze and the settlement of
Irdyk, 10 km. from Karakola, on the eastern shore of Lake
Issyk-kulia.
In the settlement of Irdyk, Dungans tried to cultivate
soybeans, but unsuccessfully. Late spring frosts, observed in
this district (raion) still in June, and drying winds, blowing
from Boanskii canyon, constantly destroyed the plantings
of soybeans. In the settlement of Aleksandrovskii, a local
soybean was cultivated earlier, but in the last 2-3 years, for
some reason it hasn’t seeded and thus we weren’t able to
get seeds from there. Meanwhile natural conditions of this
district (raion) were favorable to the growing of soybeans
and in 1931 in a number of collective farms (kolkhozes),
imported soybeans gave [break in text] mostly greenish with
green seed-lobes. The fat in it, according to one analysis,
turned out to be 20-22%, boiling and taste of the Dungan
soy is better than Far-Eastern Manchurian selected varieties.
Separate bushes collected by us were very productive. There
were plants that had more than 454 beans. All the plants were
thickly covered with beans, and had a compact bush / shrub,
but it was very important during the reaping of the harvest.
The stalks were climbing and half climbing–there are even
specimens with straight ends of the stalks. All the plants are
quite covered with white or red little hairs. The height of
the plants is from 60 to 110 cm. The absolute weight of the
seeds is from 70-122 grams. The height of the attachment
of the first bean varies from 6 to 10 cm. The color of the
seeds varies from yellow to intense green, with yellow or
green seed-lobes. The form of the seed is flat, oval in length,
reniform (botanical term). The color of the hilum / scar
(commisure–botanical term) varies from light to dark brown,
with a darker thin border. A mosaic of light brown, weak,
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diffused.
If we are to judge by individual samples that we
found, it is possible to say that the Dungan soybean has a
great productivity; this is evident by its good inclination to
intensive solar insulation and to the relatively low humidity
in the air in regions where it is now grown. The low boiling
point and good taste of the Dungan soybean, a sufficient
percent of fat, gives it the possibility to be chosen for wide
use because of these qualities for the growing of a highly
productive variety, accustomed to a continental climate and
in the first case for the growing of a valuable variety / species
for food. Our search is not yet over to continue in new
regions along the western border of China. Our collection
of Dungan soy is still growing with new valuable materials
from these regions.
Without a doubt, the soybean we found cultivated
in local land since 1870, after carrying out the selection
work, offers the basis for a wide spread of this culture in
Kazakhstan, Kirghizia and areas nearby; in these indicated
geographical areas the soybean doubtless is a very valuable
plant.
Note 1. This is the earliest document seen (March 2021)
concerning soybeans in Kazakhstan, or the cultivation of
soybeans Kazakhstan. This document contains the earliest
date seen for soybeans in Kazakhstan, or the cultivation
of soybeans in Kazakhstan (1870). The source of these
soybeans was the Hui / Dungan people of Western China.
Note 2. This document contains the earliest date seen for
soybeans in Central Asia, or the cultivation of soybeans in
Central Asia (1870).
Note 3. China’s estimated 7.5 million Hui are
concentrated mainly in the Ningxia Hui Autonomous
Region in north central China bordering on Inner Mongolia.
However they are also perhaps the most “scattered ethnic
group in the country.”
“Speaking only Chinese, the Hui have so well
assimilated into Chinese society that they are almost
indistinguishable, except in dietary and religious aspects,
from the Han. Also called Chinese Muslims, they have a
strong sense of community, with the mosque serving as the
focus of communal life.”
“The Hui have produced many famous scientists
and literary and political figures, including Zheng He,
a well-known Ming navigator... Outside China Hui can
also be found in southeast Asia and Russia.” (Source: The
Encyclopedia of the Peoples of the World, ed. by Amiran
Gonen. 1993). Address: Zone Station of New Oil-yielding
Crops of southwestern Kazakhstan.
573. University of Tartu, Botanical Gardens. 1934. Index
seminum: Anno 1934 collectorum. Quae Hortus Botanicus
Universitatis Tartuensis in Estonia. Pro Mutua Commutatione
Offert [Index of seeds: 1934 collection. Which the botanical
garden of the University of Tartu has offered as part of an

exchange program]. Tartu, Estonia. 10 p. [Lat]
• Summary: The plants are listed alphabetically by family,
and within each family alphabetically by scientific names
on numbered pages. Under Papilionaceae there is a one-line
entry (p. 8) for Soja hispida Moench.
Note: This is the earliest document seen (April 2020)
concerning soybeans in Estonia, or the cultivation of
soybeans in Estonia. This document contains the earliest date
seen for soybeans in Estonia, or the cultivation of soybeans
in Estonia (1934). The source of these soybeans is unknown.
Address: Estonia.
574. Eisenmenger, Walter S. 1935. Toxicity of aluminium on
seedlings and action of certain ions in the elimination of the
toxic effects. Plant Physiology 10(1):1-25. Jan. [34 ref]
• Summary: Eisenmenger noted that organic aluminum
compounds exerted a distinct toxic effect on plants of corn,
soybeans, and buckwheat and found that this toxicity could
be most effectively overcome by the application of calcium
hydroxide. He believed that the presence of phosphate
lowers the amounts of ionic aluminum in the soil. He
considered that low concentrations of aluminum served to
increase slightly the rate of growth of these plants. Address:
Massachusetts Agric. Exp. Station, Amherst, MA.
575. O’Kelly, J. Fred; Gieger, M. 1935. Effect of variety,
maturity, and soundness on certain soybean seed and oil
characteristics. Proceedings of the Annual Convention of the
Association of Southern Agricultural Workers 36:460.
• Summary: “Several field varieties of soybeans were grown
on uniform soil and sampled after threshing; four selected
strains of Mammoth Yellow were harvested at three stages
of maturity; and five strains of Delsta were damaged in the
curing process to provide material for soundness studies.
“The samples were analyzed for crude fat, crude protein,
crude fiber, nitrogen-free extract, and ash. The refractive
index and iodine number were determined for all samples
and the saponification number was determined for each
sample in the maturity and soundness studies.” Address:
Mississippi Experiment Station.
576. Rudorf, W. 1935. Untersuchungen ueber den Einfluss
veraenderter Tageslaengen auf Sorten von Sojabohnen (Soja
hispida Moench) und Buschbonen (Phaseolus vulgaris
L.). Vorlaeufige Mitteilung [Investigations on the effect
of variations in day length on varieties of soybeans and
bush beans. Preliminary communication]. Zeitschrift fuer
Pflanzenzuechtung 20(2):251-67. Feb. [23 ref. Ger]
Address: Universitaet Leipzig.
577. Pardo, J.H. 1935. Ammonium in the nutrition of higher
green plants. Quarterly Review of Biology 10(1):1-31.
March. *
• Summary: Includes a short section on soybeans.
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578. Walker, R.H.; Brown, P.E. 1935. The nomenclature
of the cowpea group of root nodule bacteria. Soil Science
39(3):221-25. March. [7 ref]
• Summary: Cross-inoculation experiments with five strains
of cowpea bacteria and fifteen strains of soybean bacteria.
Suggests that all strains should be regarded as one species
and designated as Rhizobium japonicum. Address: Iowa State
College.
579. Grahle, Annelise. 1935. Beobachtungen ueber den
Fruchtansatz bei kuenstlicher Bestaeubung von Sojabohnen
[Observations concerning the setting of seeds via artificial
pollination of soybeans]. Angewandte Botanik 17(2):144-48.
April. [2 ref. Ger]
• Summary: The setting of seeds is strongly dependent
on climatic factors. Weather that is dry but not too hot,
plus adequate soil moisture, favors seed setting. Heat is
unfavorable. Address: Inst. fuer angewandte Botanik,
Tuebingen, Germany.
580. Orcutt, F.S.; Wilson, P.W. 1935. The effect of nitratenitrogen on the carbohydrate metabolism of inoculated
soybeans. Soil Science 39(4):289-96. April. [10 ref]
• Summary: Low nitrate in the nutrient reduced the level of
soluble sugars in the plant sap, probably as a result of protein
formation. Intermediate nitrate stimulated photosynthesis and
increased nodulation and nitrogen fixation. Higher nitrate
decreased the sugar level in the sap, since photosynthetic
capacity, under these conditions, became the limiting
factor in protein formation. Nodules were fewer and
smaller. Address: Depts. of Agricultural Bacteriology and
Agricultural Chemistry, Univ. of Wisconsin.
581. Zimmermann, W.; Baumann, A. 1935. Fett- und
Phosphatidabbau in der keimenden Sojabohne [Catabolism
of fat and phosphatides in germinating soya beans].
Fettchemische Umschau 42(4):65-69. April. [9 ref. Ger]
• Summary: Changes in content and character (acid and
iodine values) of the total lipins and phosphatides during the
germination of soya beans in sand, earth, or exposed to light,
are described. Heavy soils delay growth (and may cause
death) of the seedlings by restricting access of air. Address:
1. Institut fuer angewandte Botanik; 2. Physiologischchemischen Institut. Both: Universitaet Tuebingen, Germany.
582. Orcutt, F.S.; Fred, E.B. 1935. Light intensity as an
inhibiting factor in the fixation of atmospheric nitrogen by
Manchu soybeans. J. of the American Society of Agronomy
27(7):550-58. July. [7 ref]
• Summary: Inoculated soya beans grown in nitrogen-free
sand, with high light intensity, failed to initiate nitrogen
fixation. The latter commenced after partial shading for 1
week. The effect of light intensity is correlated with the

carbon:nitrogen ratio within the plant. An extremely high
ratio probably inhibits nitrogen fixation.
Wilson (1940, p. 127, with two photos in Plate 14)
notes: “In early June of 1932 Orcutt and Fred (1935) placed
sand cultures of soybeans outdoors just as the prolonged
drought of that summer began. The weather immediately
following the planting was characterized by sunlight of
high intensity and by hot, dry winds. The response of the
nodulated soybeans to these rather extreme conditions
was most unexpected: they entered the nitrogen hunger
stage and remained there. Plants supplied with ammonium
nitrate developed normally. This difference in response
suggested that the effect was related to the nitrogen fixation
process. Since the roots of the plants suffering from nitrogen
hunger possessed numerous, well-developed nodules
(Plate 14), it was suggested that perhaps the carbohydratenitrogen balance in the plant had become so excessive that
assimilation of free nitrogen was inhibited.
“To test this hypothesis, part of the nodulated plants in
the nitrogen hunger stage were shaded for a week to retard
the formation of carbohydrate and to increase the soluble
forms of nitrogen in the plant. As can be seen in Plate 14,
the response was clear-cut; within a few days nitrogen
fixation had begun in the shaded plants, and by the end of a
week the leaves had become dark green. After a week these
plants were harvested, along with plants which had not been
shaded, and appropriate analyses made. Shading had reduced
the carbohydrate-nitrogen relationship (as measured by
soluble carbohydrate divided by total nitrogen), especially in
the roots and stems (2). This decrease in the carbohydratenitrogen balance was accompanied by an increase in the
quantity of nitrogen fixed, the shaded plants having fixed
more than twice as much as the unshaded. Although the
larger plants of the shaded series possessed the greater
absolute mass of nodules, no significant effect was observed
on the development of the nodules, measured as a percentage
of the plant.”
Footnote (2): “The same conclusions were reached
when percentage of nitrogen was used as the measure of the
carbohydrate-nitrogen relationship, but the differences were
less marked (Orcutt and Fred, 1935).” Address: Depts. of
Agricultural Bacteriology and Agricultural Chemistry, Univ.
of Wisconsin, Madison, Wis.
583. Yamaguchi, S. 1935. Studies on the relation between
urease in soy-bean seedlings and the nutrient value of urea
as a nitrogen source. J. of the Faculty of Science, Hokkaido
Imperial Univ., Series V. Botany 4(1):47-64. July. [Eng]*
Address: Hokkaido Imp. Univ., Sapporo, Japan.
584. Bartholomew, R.P. 1935. Fluorine, its effect on plant
growth and its relation to the availability to plants of
phosphorus in phosphate rocks. Soil Science 40(3):203-17.
Sept. [14 ref]
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• Summary: Effects on seed germination and production of
dry matter by five plant species. “Concentrations of fluorine
as large as 50 p.p.m. did not seem to decrease significantly
the germination of Sudan grass, cowpea, soybean, red clover,
or white Dutch clover seeds... Fluorine in the plants was
found largely in the roots. Only when the amounts of fluorine
in the roots were relatively large was fluorine present in the
tops.” Address: Arkansas Agric. Exp. Station.
585. Eaton, Scott V. 1935. Influence of sulphur deficiency on
the metabolism of the soy bean. Botanical Gazette 97(1):68100. Sept. Contributions from the Hull Botanical Laboratory
461. Contributions from the Hull Botanical Laboratory 461.
[38 ref]
• Summary: Experiments on soybeans, sunflower, rape,
kale and mustard. External symptoms of sulphur deficiency
resemble those of nitrogen, phosphorus, or potassium
deficiency in many respects, and are probably the immediate
effect of inferior assimilation of nitrate within the plant.
Stem elongation is only slightly reduced by sulphur
deficiency, largely because of the ability of the soya bean
to break down and re-utilize protein. Plants lacking sulphur
produce harder stems. Cell-wall thickness is more closely
related to the accumulation of starch and hemicellulose than
to that of total carbohydrates. Hemicellulose probably acts
as a reserve material. Sulfur-deficient plants contain much
soluble organic nitrogen, but have a low sugar content.
Proteolysis is active but resynthesis is incomplete through
inadequacy of the sulphur supply. Address: Hull Botanical
Lab., Univ. of Chicago, Chicago, Illinois.
586. Clevenger, C.B. 1935. The effect of length of day and
soil temperature upon nodulation of soybeans. J. of the
Elisha Mitchell Scientific Society 51(2):212-13. Dec. *
• Summary: “In greenhouse work involving the question of
nodulation on soybeans, it was found that the same results in
nodulation were not obtained at different seasons of the year,
although the soils in which the soybean plants were grown
had received similar fertilizer treatments. This suggested that
some uncontrolled factor as length of day or temperature was
operating.”
An experiment was conducted to test these two factors.
The results are:
“(1). The size of the plants varied with the day length for
each of the fertilizer treatments, but was not affected by soil
temperature.
“(2) The root systems of the plants varied inversely with
the soil temperature and directly with length of day.
“(3) The number of nodules on the roots of the
plants of each pot were about the same irrespective of the
temperatures and length of day.
“(4) The size and dry weights of the nodules were
greater on the roots of the plants grown at the lower
temperature whether under long or short day.

“The soil used, a Coxville sandy loam, was selected
at random and for no specific soil property. It is probable,
therefore, that the temperature effect upon the size of the
nodules is a specific one. This same effect was observed in
work at Wisconsin. Recent work by Hopkins of Chicago
[Illinois] shows length of day to be a factor in nodule
development, which is not confirmed by this experiment.”
587. Eaton, Scott V. 1935. Effects of sulphur deficiency on
the growth and metabolism of the soy bean. Transactions of
the Illinois State Academy of Science 28(2):88. Dec. [38 ref]
• Summary: This issue is titled “Papers Presented in the
Twenty-eighth Annual Meeting, Bloomington, Illinois, May
3 and 4, 1935.” This paper is among the “Papers in Botany”
on page 88. At the end of this abstract we read:
“Summarizing, the main symptoms of sulphur
deficiency in the soy bean are: the yellow-green color of the
leaves, the smaller leaflets, and the thinner stems. The tops
are stunted more than the roots. The upper leaves become
yellow first. These symptoms are probably due both to the
lack of sulphur and to poor nitrate assimilation, which results
from the low reducase [sic, reductase?] content of the minussulphur plants. Because of poor nitrate assimilation, starch
and nitrates pile up in the sulphur-deficient plants and the
accumulation of starch is correlated with harder stems. The
minus-sulphur plants are high in the soluble forms of organic
nitrogen. This is due mainly to proteolysis and is important
in the stem elongation of these plants.” Address: Univ. of
Chicago, Chicago, Illinois.
588. King, S.P.; Wang, C.C. 1935. Some morphological
and physiological characters of soybeans affecting the oil
and protein content. Zhonghua Nongshi Xuebao (J. of the
Agricultural Association of China) 142/143:185-198. Nov/
Dec. [Chi; eng]*
589. Kornfeld, Arnold. 1935. Schaedigungen und
Krankheiten der Oelbohne (Soja), soweit sie bisher in Europe
bekannt geworden sind [The pests and diseases of soybeans
known up to the present time in Europe]. Zeitschrift fuer
Pflanzenkrankheiten und Pflanzenschutz 45(12):577-613.
Dec. [21 ref. Ger]
• Summary: A detailed account of weeds, insect and
other animal injuries, and physiological and parasitic
diseases affecting soybeans in Europe. The diseases of
physiological nature include those caused by acid soil,
drought, deficiencies, frost, hail, and unsuitable harvesting
and storage conditions. The parasitic diseases include:
downy mildew, brown spot, frog-eye spot, Fusarium wilt,
anthracnose, bacterial blight, and a rust-spotting disease
caused by Pseudomonas phaseoli. Two diseases of unknown
nature, namely curly leaf and dwarfing, are also described.
Address: Siebenburgisch-Saechsischen landwirtschaftlichen
Lehranstalt zu Mediasch (Medias), Siebenbuergen, Romania.
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590. McCool, M.M. 1935. Effect of light intensity on the
manganese content of plants. Contributions from Boyce
Thompson Institute 7(4):427-437. Oct/Dec. [3 ref]
• Summary: Greenhouse experiments with soybeans and
three other plants. “The effect of light intensity on the
injurious action of manganese on soybean and buckwheat
was studied outside and on soybean, snap bean, and tobacco
in a greenhouse.” Address: Ithaca, New York.
591. Arasimovich, V.V.; Artemieva, M.N.; Pavlova, N.A.
1935. [The influence of the conditions of irrigation on the
quality of oil-bearing plants]. Trudy po Prikladnoi Botanike,
Genetike i Selektsii (Bulletin of Applied Botany, Genetics
and Plant Breeding, Leningrad) 3:12. (Chem. Abst. 30:6038.
1936). *
592. Chailakhyan, M.K.; Aleksandrovskaya, V.K. 1935.
[The nature of the photoperiodic after effect and the effect
of length of day on the activity of the oxidizing enzymes].
Comptes Rendus de l’Academie des Sciences de l’URSS
/ Doklady Akademii Nauk SSSR 2:161-64. (Chem. Abst.
29:5876). [Rus]*
593. Merrill, E.D. 1935. A commentary on Loureiro’s
“Flora Cochinchinensis.” Transactions of the American
Philosophical Society 24(Part II):1-445. See p. 208 (Glycine
soja). [9 ref]
• Summary: “Loureiro clearly described the soy bean.
Cadelium Rumph (Herb. Amb. 5:388. pl. 140) is correctly
placed as a synonym. A specimen from Loureiro is preserved
in the herbarium of the British Museum. Piper claims that the
specific max is the oldest valid one for the species whether
considered under Glycine or Soja. However it has only page
priority which is not recognized by the International Code
of Botanical Nomenclature.” Merrill suggests why he uses
an artificial device to keep the soybean in the genus Glycine,
where it has been for the past 150 years. In 1917 Merrill
suggested the name Glycine max for the soybean.
594. Ssimakow, J.H.N. 1935. Biologia zwtenia soi [Soybean
flowers]. Voprosy Soi, Trudy Inst. Sern. 2:235-51. [Rus; ger]*
Address: Moscow.
595. Albrecht, Wm A.; Horner, G.M. 1935. Nitrogen
fixation in soybeans as influenced by exchangeable calcium.
Transactions of the International Congress of Soil Science,
Third 1:140-44. Third International Congress. [7 ref]
• Summary: “Thus, as the plants obtain larger amounts of
more readily available calcium, either because the colloidal
complex is more fully saturated or it makes up a larger part
of the root environment, the microorganisms enter the root
system in larger numbers as indicated by the increase in
nodules, and bring about more active nitrogen fixation as

shown by the increase in nitrogen fixed.” Address: Missouri
Agric. Exp. Station, Columbia, Missouri.
596. Makino, Tomitaro; Nemoto, Kanji. 1935. Nippon
shokubutsu sôran [Flora of Japan]. Tokyo: Shunyô-dô. xix +
1936 p. See p. 571-72. Illust. 23 cm. [Jap]
• Summary: Early or first proposal of Manchuria as center
of soybean origin. “A manual of the flora of Nippon.” Note:
Tomitaro Makino lived 1862-1957.
597. Horner, Glenn M. 1936. Relations of the degree of
base saturation of colloidal clay by calcium to the growth,
nodulation, and composition of soybeans. Missouri Agric.
Exp. Station, Research Bulletin No. 232. 36 p. Jan. [20 ref]
• Summary: “The growth and nitrogen-fixing activities
of legumes were closely related to the calcium present in
the plant. The amount of calcium absorbed by the plants
depended upon the calcium level and the degree of saturation
of the clay by calcium.” Address: Columbia, Missouri.
598. Konishi, Kametaro; Tsuge, Toshihisa. 1936. On the
mineral matter of certain leguminous crops. I-II. Memoirs of
the College of Agriculture, Kyoto Imperial University No.
37. 35 p. Feb. [34 ref. Eng]
• Summary: The soybean (Glycine max) and seven other
plant species were analyzed for root and nodule mineral
content at different life-phases of the species.
Part “I. Inorganic constituents of underground plant
parts of certain leguminous crops.”
Part “II. Nodule formation and titanium supply.”
A summary is on pages 33-34. Soybeans are mentioned
on pages 10-11, 22-24, and 34.
Note: Journal articles are in English, with some articles
in German (not in Japanese). Address: Kyoto Imperial Univ.,
Kyoto, Japan.
599. Stephenson, R.E. 1936. The nitrification process and
plant nutrition. Soil Science 41(3):187-96. March. [28 ref]
• Summary: Includes soybean hay. Address: Oregon Agric.
Exp. Station.
600. Guillaumin, A. 1936. Matériaux pour la flore de la
Nouvelle-Calédonie. (XL) Revision des Légumineuses
[Materials for the flora of New Caledonia. (XL) Revision
of the Leguminosae]. Bulletin de la Societe Botanique de
France 83(4):294-315. March/April. See p. 300. [Fre]
• Summary: Glycine tomentosa and G. tabacina exist in
New Caledonia. A botanical description of each is given.
601. Kaltenbach, D.; Legros, J. 1936. Soya: Selection,
classification of varieties, varieties cultivated in various
countries. Monthly Bulletin of Science and Practical
Agriculture (International Institute of Agriculture, Rome)
27(4):117T-49T. April.
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• Summary: Note: The authors use the terminology “Soya
is...” throughout the document.
Contents: Part 1. I. General remarks. II. Breeding:
Natural selection breeding, pedigree selection, mass
selection, selection by cross fertilisation, characters sought
for in selection (richness in oil and protein, resistance to
disease, yield in seed).
III. Classification of the different varieties of soya
(by colour of the seed coat, blossom colour, pubescence,
cotyledon colour, seed forms and sizes, hilum colour, pod
formation and size and colour), growth periods (early,
medium, late, etc.), height and form of plant, growth habits
(vining, upright, etc.), leaves (size and shape).
IV. Varieties cultivated in the different countries. A.
America: United States (lists alphabetically the names,
synonyms, and principal characteristics of the 183 most
important varieties presently cultivated; the description
of each includes, if known, the date of introduction and
place of origin, description of plant, days to mature, seed
color, size, and composition). The following varieties are
listed. Those followed by an asterisk (*) are not found in
any previous seed list: A.K., Aksarben, Aksawa*, Amherst,
Arlington, Auburn, Austin, Banner (see Midwest), Barchet,
Biloxi, Black Beauty (see Ebony), Black Champion, Black
Eyebrow, Black Eyebrow selection I, Black Eyebrow
selection II, Black Sable (see Peking), Bopp (see Chernie),
S.P.I. 1492, S.P.I. 1492 selection, F.C. 1829, S.P.I. 19186,
S.P.I. 19981–I, S.P.I. 20409, S.P.I. 37246, S.P.I. 30594,
S.P.I. 30745, S.P.I. 30746, S.P.I. 37053, S.P.I. 37062, S.P.I.
37062 selection, S.P.I. 37241, S.P.I. 37261, S.P.I. 37261
selection, S.P.I. 37294, S.P.I. 37298, S.P.I. 37301, S.P.I.
37396, S.P.I. 38455, S.P.I. 40114, S.P.I. 40371, S.P.I. 44210,
S.P.I. 44212, S.P.I. 44508, S.P.I. 44510, S.P.I. 46689, S.P.I.
47131, Brooks, Brown (see Mammoth Brown), Buckshot,
Buster Brown*, Buster Brown selection*, Cayuga, Chernie,
Chestnut, Chiquita, Cloud, Columbia, Columbian (see
Columbia), Dixia [sic, Dixie], Dunfield, Early Black, Early
Brown, Early Green (see Medium Green), Early Green
selection, Early Virginia Brown (see Virginia), Early Wilson
(see Wilson), Early Wisconsin Black (see Wisconsin Black),
Early Yellow (see Ito San), Easycook, Easycook selection,
Ebony, Eda, Edward, Elton, Essex (see Peking), Extra
Early Black Eyebrow (see Black Eyebrow), Extra SelectSable (see Peking), Fairchild, Giant Brown (see Mammoth
Brown), Goshen Prolific, Green (see Medium Green),
Guelph (see Medium Green), Habaro, Haberlandt, Hahto,
Hahto selection, Hamilton, Herman, Hollybrook, Hollybrook
selection, Hongkong, Hoosier, Hope, Hope selection, Hybrid
5-L-3*, Illini, Ilsoy, Indiana Hollybrook (see Midwest),
Ito San, Ito San Cross, Jet, Kentucky*, Kingston, Laredo,
Laredo Selection, Large Brown (see Mammoth Brown),
Large Yellow (see Mammoth Yellow), Late Yellow (see
Mammoth Yellow), Lexington, Mammoth (see Mammoth
Yellow), Mammoth Black (see Tarheel Black), Mammoth

Brown, Mammoth Yellow, Manchu, Manchu selection I,
Manchu selection II, Manchuria (see Pinpu), Mandarin,
Medium Early Green (see Medium Green), Medium Early
Yellow (see Ito San), Medium Green, Medium Yellow
(see Midwest), Merko, Meyer, Midwest, Mikado, Minsoy,
Mongol (see Midwest), Morse, Nemo, Nuttall, Ogemaw,
Ohio 9001*, Ohio 9035 (see Hamilton), Ohio 9035
selection*, Okute, Old Dominion, Otootan, Peking, Perley’s
Mongol (see Midwest), Pinpu, Red Sable (see Peking),
Riceland, Roosevelt (see Midwest), Roosevelt Medium Early
Yellow (see Midwest), Royal (see Wilson Five), Sable (see
Peking), Shanghai (see Tarheel Black), Sherwood, Shingto,
Shingto selection, Sonoma*, Sooty, Southern (see Mammoth
Yellow), Southern Prolific, Soysota, Taha selection, Tarheel
(see Tarheel Black), Tarheel Black, Tarheel Brown (see
Mammoth Brown), Tashing, Tokyo, Tokio selection,
Toyonago*, Trenton, Thurnoko* [Tsuronoko?], Verea*,
Virginia, Virginia Early Brown (see Virginia), Watson
Black*, Wea, White Eyebrow, Wilson, Wilson-Five, Wing
Jet, Wisconsin Black, Wisconsin Early Black (see Wisconsin
Black), Wisconsin Pedigreed Black (see Wisconsin Black),
Yellow (see Mammoth Yellow), Yoko (see Yokoten),
Yokoten, Yosho, Yosho selection.
Varieties grown in each of America’s 5 regions.
Principal states of North America where soya is grown
(Gives a little history and lists the most popular varieties
and how/where grown): Indiana, Illinois, Missouri, North
Carolina.
A sample description of one of the 183 varieties listed
is: “Morse.–Introduced from Newchwang, Manchuria, in
1906. This variety is said to be the most commonly used for
oil extraction, the pressed cake being exported to Japan and
Southern China as a very valuable fertilizer. Plants stout,
erect, bushy, maturing in about 130 days; pubescence gray;
flowers both purple and white, 50 to 55 days to flower;
pods 2 to 3 seeded; seeds yellowish green with brown
hilum, about 2,500 to the pound; germ yellow; oil 18.1%.”
Note: Though soybean pioneer William Morse did not join
the USDA until June 1907, this variety (S.P.I. No. 19186,
collected and sent to the USDA in Aug. 1906 by Frank N.
Meyer) was later named after Morse.
Example of a state (p. 172): “State of Maryland: The
total area planted with soya in Maryland in 1925 was 35,000
acres and since then it has increased steadily. This increase
in the area cultivated is due to the fact that farmers wished
to reduce their expenditure on concentrated foods. To begin
with soya was grown to replace cow peas in the coastal
plains and afterwards was generally grown in all the counties
of the State. The principal region of cultivation for forage
is the dairying district of Piedmont; for seed production, the
South-Eastern part of the coastal plains.
“The Experiment Station of Maryland has tested more
than 200 varieties, but of these only 30 have been entirely
satisfactory.
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“With the exception of the quantities necessary for
domestic consumption, soya is almost exclusively grown for
forage, the best varieties for this purpose being Virginia and
Wilson. The late varieties should only be employed in cases
where there is a lack of seed.” Address: Rome, Italy.
602. Breedlove, L.B. 1936. Soy bean–The magic plant:
Different varieties suitable for any climate or soil. Article III.
Chicago J. of Commerce and La Salle Street Journal. June 6.
p. 11.
• Summary: Contents: Introduction. Soya max only
important specie [sic, species]. Imported seeds badly mixed.
Thrive in our climate. Soil preferences of the soya. Varieties
recommended by official agronomists. Trend in the varieties
grown.
A large table titled “Soybean varieties recommended for
the different growing areas,” contains 25 large boxes, each
containing the names of 5 to 12 soybean varieties. Across
the top are cropping for seeds, hay, pasture, or silage. Down
the left side are regions I through V. Region V (a northerly
region), for example, is “Very early and early varieties,
maturing in 90 to 110 days. The varieties in Region V best
suited for producing seed are: Aksarben, Black eyebrow
[Black Eyebrow], Elton, Habaro, Ito San, Mandarin, Minsoy,
Ogemaw, Soysota, and Wisconsin.
Varieties now gaining favor in the “corn belt district” are
Illini, Manchu, Dunfield, Mansoy, and Laredo.
“The soybean belongs to the genus Soja, family of
Leguminosae–the second large family of seed plants whose
species total over 12,000. Of the fifteen species of the genus
native to Asia, Africa and Australia only one, Soja Max–the
soybean–produces sufficient protein and other chemical
properties to be of economic importance.” Note the use of
the terms “the soya,” “Soya Max,” and “Soja Max” to refer
to the soybean.
“The soybean is a self-fertilizing plant: the flowers
produce both the pollen grains and ovules. Pollination occurs
before the flower opens and there is little chance of pollen
from other plants carried by insects or by falling from other
plants to enter and effect fertilization.
“Apparently Chinese emperors or imperial gardeners
gave no thought to improving the soybean strains, while
the farmers naturally enough, had no idea that controlled
propagation was possible. So, through the centuries, the god
of soya had to look out for himself. However, as the plants
rubbed shoulders slight variations came into existence, to
be handed slowly on as the crop seed was planted again and
again, in spite of the soya god. Even at that, plant variations
through mutation, without the necessary artificial segregation
of the plants, developed slowly.” Address: Staff member,
Chicago Journal of Commerce.
603. Steinberg, Robert A.; Garner, W.W. 1936. Response
of certain plants to length of day and temperature under

controlled conditions. J. of Agricultural Research
52(12):943-60. June 15. [10 ref]
• Summary: Since the appearance in 1920 of the first paper
on photoperiodism, by Garner and Allard, an extensive
literature covering various phases of the subject has
developed.
Soybeans are used in this paper and have been used in
many previous papers.
“Fairly extensive observations were made on response to
length of day of early-, medium- and late-maturing varieties
of soybeans, at mean temperatures of 71º, 77º, 83º and
89ºF. under controlled conditions.” Address: 1. Associate
physiologist; 2. Principal physiologist in charge. Both: Div.
of Tobacco and Plant Nutrition, Bureau of Plant Industry,
USDA.
604. Murakoshi, N. 1936. [The observation of soil
temperature at different direction of ridge and its influence
on growth of soybean and wheat]. Sapporo Norin Gakkaiho
(J. of the Society of Agriculture and Forestry, Sapporo)
28(131):49-62. June. [Jap]*
605. Bond, George. 1936. Quantitative observations on
the fixation and transfer of nitrogen in the soya bean,
with especial reference to the mechanism of transfer of
fixed nitrogen from bacillus to host. Annals of Botany
50(199):559-78. July. [18 ref]
• Summary: A large proportion (probably 80-90%) of the
nitrogen fixed by nodule bacteria diffuses into the host
cytoplasm and is translocated to other parts of the plant.
Storage of nitrogen by the organisms is small. Fixation of
nitrogen is regarded as a form of respiratory activity rather
than a stage in the synthesis of bacterial protein. The decline
in nitrogen-fixing activity with advancing growth of the plant
may result from diminished supply of carbohydrate to the
bacteria or to the accumulation of inactive organisms.
Bond (1938, p. 61) “pointed out how some uncertainty
existed as to the completeness of the figures presented,
owing to the demonstration by Virtanen and his collaborators
(see Virtanen, 1935, and Virtanen, von Hausen, and Laine,
1937) that in some legumes, notably the pea (Pisum sativum
L.), there may be a very considerable loss of fixed nitrogen
through the occurrence of leakage or excretion from the
nodules into the rooting medium. In showing this Virtanen
has confirmed a belief held by some earlier investigators,
especially Lipman (191 2), although the matter had been
largely lost sight of until the appearance of Virtanen’s work.
The experiments to be reported in the present paper were
undertaken with the object of detecting and measuring any
such excretion from nodules of soya bean under cultural
conditions similar to those obtaining in the author’s previous
experiments. In addition it is a matter of general botanical
interest to obtain as much information as possible about
this excretion from leguminous nodules, in view of the
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importance which the phenomenon may assume in mixed
plant populations, wild or cultivated, in which legumes are
included.” Address: Dep. of Botany, Univ. of Glasgow.
606. Hambleton, Jas. I. 1936. Soy bean for pollen and nectar.
Gleanings in Bee Culture 64(7):431. July.
• Summary: “Question.–Do honey bees get enough nectar
and pollen from soy bean to bring about cross pollination?–
Bert Davis, Indiana.
“Answer.–It is our understanding that the soy bean is
self-pollinated and that it produces such an abundance of
pollen that the stigma receives pollen almost immediately
when the blossom opens. If it were not for this fact there
would be much cross-pollination since the bees gather
pollen from this plant freely, even though, according to soy
bean experts, it yields little nectar as a rule. As a matter of
fact, cross-pollination under natural conditions is reported
to occur in as little as one or two per cent of the seed, and
this low figure has even been obtained in seed plots of
many varieties planted closely together in strips. It must
be remembered that other insects, such as the thrips, play a
part in the natural cross-pollination of this plant. For more
detailed information relative to the pollination of this plant
we would suggest that you write to Dr. W.J. Morse, Bureau
of Plant Industry, United States Department of Agriculture,
Washington, D.C. The information given in the preceding
paragraph is to be found in the following publications:
Piper, Charles V. and Morse, William J. 1923. The soybean.
1st ed. New York, McGraw-Hill Book Company, Inc. 329
p. Woodworth, C.M. 1932. Genetics and breeding in the
improvement of the soy bean. Bulletin 384, Univ. of Illinois
Agric. Exp. Station, p. 297-404. It may interest you to know
that North Carolina is apparently the only place from which
a considerable crop of honey has been reported from the
soy bean, although unverified reports have drifted in of its
being a honey plant in other localities. (Answered by Jas. I.
Hambleton, Washington, D.C.).” Address: Washington, DC.
607. Hoagland, D.R.; Broyer, T.C. 1936. General nature of
the process of salt accumulation by roots with description of
experimental methods. Plant Physiology 11(3):471-507. July.
[43 ref]
• Summary: “1. A technique is described for the study of salt
accumulation by excised barley roots, which are especially
adapted to the investigation of certain general problems of
salt accumulation. It is shown that under proper conditions,
which are defined, potassium salts accumulate very rapidly
in the sap of excised roots, against concentration gradients.”
Address: Univ. of California, Berkeley.
608. Long, Theo. P.; Kersten, H. 1936. Stimulation of growth
of soy bean seeds by soft x-rays. Plant Physiology 11(3):61521. July. [17 ref]
• Summary: “In recent years the effect of x-rays on the

growth of seeds has been the subject of considerable
investigation.”
“Summary and conclusions: 1. Irradiation of dry
Manchu and Wilson black [Wilson Black] soy beans with
small dosages of soft x-rays resulted in a slight stimulation
of plant growth when measured by the average wet weight of
the part of the plants above ground.
“2. Because of the large number of plants used in the
experiment and the conditions under which they were grown,
the indicated stimulation seems to be a true stimulation
and not the result of chance variations.” Address: Univ. of
Cincinnati, Cincinnati, Ohio.
609. Murneek, A.E.; Gomez, E.T. 1936. Influence of length
of day (photoperiod) on development of the soybean plant,
var. Biloxi. Missouri Agricultural Experiment Station,
Research Bulletin No. 242. 28 p. July. [12 ref]
• Summary: “Independent of light intensity and quality,
many plants respond in a most striking way to the duration
of light exposure, or the length of day. This phenomenon was
discovered and announced by Garner and Allard in 1920.
They called it ‘photoperiodism.’”
While many data have been gathered describing
the physiological processes accompanying change of
photoperiod, the causes of the reaction are still unknown.
Contents: Introduction. Material and technique.
Effects of long and short photoperiods on growth and gross
morphology. Description of plants 32 days old. Description
of plants 42 days old. Comparison of the development
of the main stem and axillary buds of long and short-day
plants. The promeristem. The internodes. The axillary buds.
Summary and conclusions.
Contains 10 photos of different parts of Biloxi variety
soybean plants and 17 microphotographs showing: (1112) Sectioned terminal meristem. (13-16) Sectioned apical
meristem. (17-28) Section of the first axillary shoot. (21-28)
Camera lucida drawings of the stages of development of
the soybean flower, incl. the axillary bud, axil, embryonic
leaf, calyx tube envelops floral primordia, petal and pistil.
Address: 1. Horticulture; 2. Dairy Husbandry.
610. Ramsbottom, J. 1936. The uses of fungi. British
Association for the Advancement of Science, Annual Report.
Sept. 9-16. p. 189-218. See p. 206-08, 212. 106th year.
• Summary: This was an address to Section K (Botany) of
the British Association for the Advancement of Science at
Blackpool, Sept. 10, 1936. Discusses: Koumiss (effervescent
drink), Egyptian Leben, Arrack, Japanese koji, shoyu, tamari,
and miso, fermented tofu.
“There is a wide range of oriental foods produced by
fermentation with Aspergillus. Chinese curd, To-fu, is made
from soy-bean milk fermented with mould and ripened
in brine. The curd is cut into squares which soon become
covered with fungus. They are then placed in brine for

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 281
further ripening. The curd is canned as white or red squares
in a salty liquid.”
In Japan, four large industries are built on the use of
Aspergillus oryzae. Their approximate total yearly output
is as follows: Saké (rice wine) 812,000 kiloliters, shoyu
(soy sauce) 902,000 kiloliters, miso (soy cheese) 1,690,000
kilograms, and shocho (distilled alcoholic liquor) [sic,
shochu or shôchû, cheap spirits] 39,700 kiloliters. The annual
value of all the fermentation industries is approximately
£40,000,000.
“Molds of the genus Penicillium play a large part in
the ripening of the Camembert-Brie, and the RoquefortGorgonzola-Stilton series of cheeses. Milk is first coagulated
with rennet or dried calf-stomach linings.” Also: Mycorrhiza,
Takadiastase, production of glycerin and yeasts in Germany
during World War I. Address: O.B.E., President of the
Botany Section.
611. Orcutt, F.S.; Wilson, P.W. 1936. Biochemical methods
for the study of nitrogen metabolism in plants. Plant
Physiology 11(4):713-29. Oct. [22 ref]
• Summary: Methods for analysis of soybeans.
“Introduction: The analytical difficulties encountered in
attempts to study the nitrogen metabolism of plants during
the course of their growing and fruiting periods give rise to
results from which it is hard to draw significant conclusions
concerning that metabolism. Chief among these is the
inability of the analyst to separate and identify the various
constituents which occur in the plant at the time of harvest
without irreversibly altering the chemical nature of many of
them before they can be determined.”
“Summary” 1. A method of preparing plant sap for
analysis is suggested which eliminates the uncertainty of
extraction and precipitation methods.
“2. Hydrolysis of amide nitrogen is accomplished
without humin formation by hydrolyzing with 20 per
cent. sodium bisulphite in a steamer for 3 hours. (Humin
formation amounts to 12 to 15 per cent. of the soluble
nitrogen in soybeans.)...” Address: Univ. of Wisconsin,
Madison, Wisconsin.
612. Kuijper, J.; Wiersum, L. 1936. Occurrence and transport
of a substance, causing flowering in the soya bean (Glycine
max L.). Koninklijke Akademie van Wetenschappen te
Amsterdam. Afdeeling Natuurkunde (Proceedings of the
Section of Sciences) 39(9):1114-22. Nov. [8 ref. Eng]
• Summary: “The question whether a substance causing
flowering in plants exists, is still unanswered.”
“Summary: It is shown that in the soya bean (Glycine
max L) when a flowering scion is grafted on a stock treated
with long-day, that is, without fitness to flower, flowers
develop on side branches of the stock; conversely a shortday stock causes flowering in a long-day scion. A substance
causing this phenomenon thus passes the point of grafting;

transport in the basal direction seems to be much easier than
in the apical direction, for flowers were formed on the longday stock earlier and more profusely than in the converse
case.
Note: The journal name in English: Proceedings of the
Royal Netherlands Academy of Sciences and Letters. Royal
Academy of Sciences in Amsterdam, Department of Physics,
Proc. Sect. Sci. Address: Groningen, Netherlands.
613. Spirk, Ludvik. 1936. Soja jako surovina pro chemicky
prumysl [Soybean as a raw material in chemical industry].
Chemicke Listy (Chemical News) 30:116-19, 134-37, 151-57.
(Chem. Abst. 30:7717). [Cze]*
• Summary: “The history, botany, composition, development
and uses of the soybean are reviewed. In Czechoslovakia it
is grown on 2,000 hectares with an annual yield of 30-50
carloads; most of this is extracted for oils or used for animal
food. Some of the native soy is made into Kaboul, a coffee
substitute; it contains vegetable proteins 40%, vegetable fats
20% (97% of which are digestible), lecithin 2%, and mineral
ash 6%. The mineral ash contains phosphorus compounds
30%, potassium compounds 30%, magnesium 10% and
calcium 5%. Narcotics, caffeine or carbohydrates are not
present in Kaboul.”
614. Hector, James Masson. 1936. Introduction to the botany
of field crops. 2 vols. Johannesburg, South Africa: Central
News Agency Ltd. See vol. II, p. 697-709. Illust. Index.
26 cm. Series: South African Agricultural Series v. 16. 2nd
edition 1938 (undated). [15 soy ref]
• Summary: Vol. 1 covers cereals. Vol. II is non-cereals. The
transformation from the wild to the cultivated soybean has
been accompanied by qualitative and quantitative changes
due to gene mutation without alteration of the chromosome
number.
Pages 697-709 discuss “Glycine soja, Sieb et Zucc.
(=Glycine max (L.), Merr., and Soja max (L), Piper)–Soy
bean.” Contents: Botanical description, stem anatomy,
leaf anatomy, inflorescence (usually axillary), seeds per
pod, structure of the seed coat, development of the flower,
photoperiodism, conditions for vernalization, cytology and
hybridization, classification and species, chromosomes,
composition and uses, origins.
Concerning vernalization: “On the basis of his
experiments, Lysenko considers that a short-day plant such
as the soy bean can pass through all its developmental stages,
with one exception, in almost any light conditions. This stage
which is influenced by light in reality requires continuous
darkness, not an alteration of photoperiods. In other words,
after the first or thermo-stage has been completed, the
plant requires 10 to 15 days of darkness (or short-day) and
thereafter its development is uninfluenced by the length
of day... On this basis, Lysenko has devised a method of
vernalizing the soy bean (and other short-day plants). The
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procedure is briefly as follows: The seeds are allowed to
germinate (for approximately 24 hours) until cracks appear
in their coats... Thereafter, the seeds are held for 10 to 15
days in darkness at a temperature of 20º to 25ºC. During
this period no light should be admitted and the temperature
should be strictly controlled.” A table shows conditions
for the vernalization of five short-day plants. Note: This is
the earliest document seen (Nov. 2020) that uses the word
“vernalization” in connection with soybeans.
Pages 676-77 discuss “Phaseolus angularis Wight–
Adzuki bean,” also called “Adsuki bean,” with a photo.
Page 694 discusses Pueraria or kudzu. Address: Prof. of
Agricultural Botany, Univ. of Pretoria, South Africa.
615. Horner, Glenn M. 1936. Relation of the base saturation
of a colloidal clay by calcium to the growth, nodulation and
composition of soybeans. PhD thesis, University of Missouri.
36 p. Also published as Missouri Agric. Exp. Station,
Research Bulletin No. 232. Jan. 1936. 36 p. [10+ ref]*
• Summary: Growth of the plants is examined in
electrodialyzed clay to which had been added varying
proportions of calcium hydroxide. In these clays the total
growth, nodulation, nitrogen fixation, and calcium absorption
increased with the total calcium available at a constant
degree of saturation, and with the degree of saturation when
the available calcium was constant. Addition to the clay
of barium, magnesium, or potassium as a supplement to
calcium produced the same general tendency. Supplementary
addition of methylene-blue (MB) almost eliminated effects
due to variations in calcium saturation. Hydrogen ions
excreted by roots was probably unable to exchange with
the MB cation and its entire displacing power was utilized
in replacement of calcium. The growth and nitrogen-fixing
activities of legumes were closely related to the calcium
present in the plant, and this in turn depended on the calcium
available and the degree of saturation of clay with calcium.
Address: Univ. of Missouri, Columbia, MO.
616. Hutchings, Theron B. 1936. Relation of phosphorus to
growth, nodulation and composition of soybeans. PhD thesis,
University of Missouri. 46 p. Also published as Missouri
Agric. Exp. Station, Research Bulletin No. 243. Aug. 1936.
46 p. [30 ref]
• Summary: “Introduction: Phosphorus has long been
assigned a key position in plant and animal nutrition.
Its function in carbohydrate metabolism and its role as
a constituent of nucleic acids associate it with vital cell
processes. Many soils that may not seem deficient in
phosphorus according to chemical tests still give a crop
response when phosphorus is applied and other fertility
conditions are adequately fulfilled. Legumes are particularly
responsive to applied phosphorus. Experiences with clover
on phosphate fertilized wheat testify of this fact. It would
seem essential then, to give some attention to the effect

of phosphorus on nodulation, growth and composition of
legumes. The relation of nitrogen and phosphorus in protein
synthesis would suggest a correlation between phosphorus
applied and nitrogen fixed. The high calcium content along
with the relatively high phosphorus content of legumes has
prompted many investigators to consider this as a possible
causal relationship. Much of the data obtained are suggestive
of similar and other relationships which are in need of
interpretation.
“Recent investigators have done much to elucidate
the complex physico-chemical phenomena associated with
the behavior of phosphorus in soils. Their approach to the
understanding of its behavior from the colloidal view point
offers great promise for a better understanding of these
phenomena, especially with reference to the plants’ use
of phosphorus. However, the influence of calcium on the
phosphorus-clay linkage is still not fully explained. The
work reported herein is an attempt to study the influence
of phosphorus on growth, nodulation and composition of
soybeans by the use of colloidal clay as a carrier for the
nutrients in the hope that such studies might contribute
to our understanding of the physiological behavior of the
phosphorus-calcium-colloidal clay complex toward the plant
in its growth, nodulation and nitrogen fixation.” Address:
Univ. of Missouri, Columbia, Missouri.
617. Institut International d’Agriculture (International
Institute of Agriculture). 1936. Le soja dans le monde [The
soybean in various countries of the world]. Rome, Italy:
Imprimerie de la Chambre des Deputes, Charles Colombo.
viii + 282 p. Bibliography, p. 276-82. No index. 25 cm. [90
ref. Fre]
• Summary: A superb early work, containing extensive
original information, looking at developments with soybeans
and soyfoods country by country, worldwide.
Contents. Preface (p. 1). A. Cultivation of soy (soja;
p. 4): 1. Botanical description, selection, classification of
the varieties. 2. Cultivation properly said. 3. Enemies and
illnesses.
4. Cultivation in the various countries: 4a. The Americas
(p. 38): Antigua, Argentina, Bermuda, Brazil, Canada, Chile,
Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador,
USA (gives details on all varieties grown, and describes
production, history, varieties, and cultural practices in North
Carolina, Illinois, Indiana, Iowa, Maryland, Massachusetts,
Mississippi, Missouri, New York, Ohio, West Virginia,
Wisconsin, Conclusion), Guadeloupe, Guatemala, British
Guiana, Dutch Guiana, British Honduras [Belize], Jamaica,
Barbados, Martinique, Mexico, Montserrat, Peru, Puerto
Rico, El Salvador, Trinidad and Tobago, Uruguay.
4b. Europe (p. 101): Germany, the Danubian countries,
Austria, Spain, France, Great Britain, Hungary, Italy,
Netherlands, Poland, Romania, Switzerland, Czechoslovakia,
Turkey, USSR.
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4c. Asia (p. 128): Ceylon, China and Manchuria,
Cyprus, Federated States of Malaysia, British India (incl.
Punjab, Bihar and Orissa, Burma, Berar, Madras Presidency,
Bombay Presidency, Bengal (incl. Nepal, Bhutan, Sikkim,
and the district of Darjeeling), Assam, North-West Frontier
Province, United Provinces), Netherlands Indies, Indochina
(incl. Tonkin, Annam, Laos, Cambodia, and Cochinchine),
Japan, Palestine, Siam.
4d. Africa (p. 146): French West Africa, Algeria, Belgian
Congo, Cyrenaica, Egypt, Eritrea, Madagascar, Morocco,
Mauritius (Ile Maurice), Reunion (Réunion), Rhodesia,
Anglo-Egyptian Sudan, Tripolitania, Tunisia, Union of South
Africa.
4e. Oceania (p. 153): Australia, Fiji Islands, Hawaii,
New Caledonia, New Zealand, Philippines.
B. Utilization of soya (p. 158): 1. The soybean in human
nutrition and in industry: Whole soybeans, chart of the uses
of whole soybeans, use of soya in the green state (green
vegetable soybeans), soy sauce (dau-tuong of the Annamites,
or toyo, named shoyu by the Japanese, or chau-yau or chiang
yoo by the Chinese), condiments and sauces based on soya
in the Netherlands Indies (tempe, ontjom, tempemori and
tempe kedele [various types of tempeh and onchom, p. 16870]), tao tjo [Indonesian-style miso], tao dji [fermented
black soybeans], ketjap, ketiap benteng [Indonesian-style
soy sauce], soymilk (le lait de soja), yuba (crème de lait
de soja), tofu (le fromage de soja) and fermented tofu (des
fromages fermentés, made by Li Yu-ying near Paris), soymilk
casein (caséine du lait de soja, for industrial use, including
vegetable albumin, or galalithe [galalith]” [isolated soy
protein], and artificial wool), soy lecithin (lécithine de soja),
soy flour (la farine de soja, incl. soy bread, soy pastries, and
soy cocoa).
Note 1. This is the earliest document seen (Sept. 2010)
that uses the term benteng or ketiap benteng to refer to an
Indonesian-style soy sauce.
2. Soy oil (p. 194): Food uses, industrial uses (including
soaps, products resembling petroleum, paints, varnishes,
linoleum, and artificial rubber), extraction, directory of
U.S. manufacturers of materials and equipment for soybean
processing, directory of U.S. and Canadian manufacturers
of food products based on soya (produits alimentaires à
base de soja, p. 205-06), directory of U.S. manufacturers of
industrial soy products (p. 206-07).
3. Soybean in the feeding of domestic animals (p. 207):
Forage, hay, silage, pasture, soybean seeds, the minerals in
soybeans, soya as a feed for dairy cows, cattle, buffaloes,
sheep, hogs, horses and mules, poultry.
4. Use of soya as fertilizer (p. 257). C. The trade of soya
and of its by-products (p. 363): Production of soybeans in
the principal countries, economic importance of soybean
cultivation in the USA, soybean trade/commerce including
tables of the major importers and exporters, and amounts
traded annually in 1931-1934, price of soybeans, cost of

production.
List by region and country of people and organizations
that responded to a questionnaire sent by IIA (p. 273-76).
Bibliography of main publications consulted, listed by region
and country of publication.
Reunion (Ile de la Réunion): “The soybean (Le Soja)
is only cultivated as an experimental crop, on a few square
meters at the agronomic station” (p. 148).
Fiji (Iles Fidji): Soybean cultivation is not yet practiced
in this colony; however soybean seeds are currently being
imported in order to conduct a trial.
New Caledonia: In 1928 soybean cultivation was
introduced to New Caledonia.
Note 2. This is the earliest document seen (Dec. 2007)
concerning soybeans in Bhutan, Costa Rica, Dominican
Republic, El Salvador, Guatemala, Israel, Jamaica,
Madagascar, Morocco, New Caledonia, Palestine, Peru, or
Réunion, or the cultivation of soybeans in Bhutan, Costa
Rica, Dominican Republic, El Salvador, Guatemala, Israel,
Jamaica, Madagascar, Mexico, the Middle East. Morocco,
New Caledonia, Palestine, Peru, or Réunion. It is also the
earliest document seen (Dec. 2007) concerning soybeans
in connection with (but not yet in) Cyprus; it is stated that
soybeans are not grown on the island of Cyprus. Soybean
cultivation is not practiced in the Italian colonies of Eritrea
(Erythrée, now part of Ethiopia) or Cyrenaica (Cyrénaïque,
now part of Libya).
Note 3. This document contains the earliest date seen
for soybeans in Bhutan, New Caledonia, or Réunion, or the
cultivation of soybeans in New Caledonia (1928), or Bhutan
or Réunion (1936) (One of two documents).
Note 4. This is the earliest French-language document
seen (March 2020) that mentions tempeh, which it calls
“tempe” (p. 168). It notes that, in general, the indigenous
people of the Netherlands Indies use soybeans mainly to
make tempe, a product which, throughout central and eastern
Java, takes the place reserved for ontjom in western Java.
Tempeh is found in two forms: either in large flat cakes
which are cut at the time of sale into small square morsels,
or wrapped in folded banana leaves. A detailed description of
the preparation of each of these two types of tempeh is given
as well as another type of tempe, called tempemori, which is
made with soybeans and coconut presscake.
Soybean cultivation is not known to be practiced in the
following countries or colonies: Antigua, Barbados, British
Honduras (renamed Belize in about 1975), Trinidad and
Tobago.
Note 5. The name “Georges Ray” is mentioned in this
book on an unnumbered page. Address: Rome, Italy.
618. Kale, F.S. 1936. Soya bean: Its value in dietetics,
cultivation and uses. With 300 recipes. Baroda State, India:
F. Doctor & Co. xxxi + 375 p. Illust. Index. 22 cm. 2nd ed.
1937. [75 ref]
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• Summary: Contents: Preface. 1. Deficiencies in the Indian
diet and soya bean as a means to rectify them. 2. History of
the origin and growth of soya bean. 3. The use of soya bean.
4. World trade in soya bean. 5. Botany of the soya bean plant.
6. Classification of soya bean. 7. Cultivation of soya bean. 8.
Diseases and pests of soya bean. 9. Cultivation of soya bean
in India. 10. The constituents of soya bean. 11. Soya bean
milk. 12. Soya bean flour. 13. Industrial uses of soya bean.
14. Enriching soil by addition of nitrogen and use of soya
bean as fodder. 15. Food requirement of the human body.
16. European and American soya bean recipes. 17. Diabetic
dishes, Mahatma Gandhi’s experiments at Magan Wadi and
opinion of scientists on soya bean. 18. Chinese and Japanese
soya bean dishes. 19. Indian soya bean dishes: Hindustani
dishes, Moglai dishes, Gujarati dishes, Maharashtrian dishes,
Bengali dishes, Goa dishes, Tanjore dishes. Appendix.
For a more detailed table of contents and summary of
the work, see the 2nd edition (1937).
Photos on unnumbered pages show: (1) Color photo
(at front of book just before the Preface) His Highness the
Maharaja Sir Sayaji Rao Gaekwad of Baroda, Royal Farmer,
who takes keen interest in Soya Bean. (2) H.H. the Maharaja
Gaekwar of Baroda the first Indian ruler to inaugurate the
soya bean planting ceremony in his state–24 Nov. 1933. (2)
H.H. The Maharaja of Baroda, seated in a chair, lecturing on
the dietetic and industrial importance of soya bean. (3) The
mature soya bean pods of Mammoth Yellow variety grown
in Baroda territory. (4) Map of Baroda state showing areas
of soya bean cultivation. (5) Map of Baroda state showing
local distribution of soya bean. (6) A field of soya bean in
rows grown by Patel Hargovan Bavabhai of Achisara Baroda
District (with two white bullocks) who has been awarded the
first prize for his good cultivation.
(7) Bavabhai B. Patel, a farmer age 65 who is interested
in cultivation of soya bean; dressed in white, he is standing
in a field of soya beans behind two large white bullocks. (8)
The author’s own child, three months old, fed on soya bean
milk.
(9) Mahatma Gandhi who uses soya bean at
Maganwadhi; he is seated in a chair reading.
Note 1. This is the earliest English-language document
seen (Sept. 2006) that uses the term “soya bean” in a new
way–as a singular noun, like the words “corn” or “wheat,”
not preceded by “the.” Examples: “2. History of the origin
and growth of soya bean. 3. The use of soya bean. 4.
World trade in soya bean... 6. Classification of soya bean.
7. Cultivation of soya bean. 8. Diseases and pests of soya
bean.” This usage originated in developing countries.
Note 2. This book was written as the princely state of
Baroda was studying the possibility of growing the soya
bean plant for food, feed, and fodder. It looked promising,
but little headway was actually made in either production or
utilization.
Note 3. The author’s name is pronounced KAL-ay, not

KAYL (rhymes with sail or tail). Address: Food Survey
Officer, Baroda State, India.
619. Mitchell, John William. 1936. Respiration of soybean
plants in relation to length of daily period of illumination.
PhD thesis, University of Chicago. 25 p. Private edition
distributed by the University of Chicago libraries. [23 ref]
• Summary: “Summary: 1. The respiration of soybean
plants, which have received ten hours of day light each day,
corresponds to the growth of the plants.
“2. The rate of respiration of soybean plants growing in
continuous light does not decrease during the first month of
growth.
“3. The respiration of young soybean plants grown
in alternate periods of light and darkness is more intense
following a period of illumination than the respiration of
young plants grown in continuous light and measured under
similar conditions.
“4. Data are presented which indicate that the growth of
soybean plants which are grown in alternate periods of light
and darkness is greater during a period of illumination than
the growth of similar plants grown in continuous light.
“5. The rate of decrease in the rate of respiration of
soybean plants during a period of darkness depends upon the
degree of maturity of the plants and upon the amount of light
the plants received daily during their growth.” Address: Dep.
of Botany, Univ. of Chicago, Chicago, Illinois.
620. Poehlman, John M. 1936. A study of varietal adaptation
in soybeans. PhD thesis, University of Missouri–Columbia.
In: Doctoral Dissertations Accepted by American
Universities, 1936. *
Address: Univ. of Missouri–Columbia.
621. Read, Bernard E. 1936. Chinese medicinal plants from
the “Pen ts’ao kang mu” of 1596. 3rd edition of a botanical,
chemical and pharmacological reference list. Peking, China:
Peking Natural History Bulletin. Sales Agent: The French
Bookstore. xvi + 391 p. See p. 114-18. Index of romanized
Chinese plant names. Index of common English plant
names–Foreign names are in italics. Index of Latin plant
names. 27 cm. [180+* ref]
• Summary: This book is largely one huge table (p.
1-288) titled “Chinese medicinal plants.” It has seven
columns: (1) Latin name. (2) Chinese name. (3) Part
used. (4) Constituents. (5) Habitat. (6) References (highly
abbreviated). (7) Remarks.
Contents: Introduction in Chinese. Introduction to the
third edition (Shanghai 1935). Provincial abbreviations.
Abbreviations for parts of plants. Bibliographical
abbreviations (journals and books). Secondary references
helpful to a study of Chinese materia medica. Comparative
table of Western, Japanese, and Chinese dates (1868-1935).
Table of classes, general, and species for which references
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are listed.
References related to soybeans are subdivided as
follows (p. 114-18, 256): Soybeans, black variety (var.
nigra; the fresh hulls used in medicine are known as Ta
Tou P’i). Soybean sprouts, black variety (Ta Tou Huang
Chüan). Bean relish, black variety (Ta Tou Ch’ih). Bean
ferment, black variety (Tou Huang [“bean yellow”]; Natto in
Japanese [sic]). Yellow soybean (Glycine soja S. et Z., var.
flava; Huang Ta Tou). Soybean oil (Tou Yu). Soybean sauce,
yellow variety (Chiang Yu; thick or thin). Soybean paste
(Chiang). Bean curd, yellow variety (Tou Fu). White soybean
(Glycine soja, S. et Z., var. alba). Soy sauce made with wheat
flour (p. 256).
References for azuki beans (red mung bean, P. mungo,
L. var. subtrilobata, Fr. et Sav. [HN. Br.]) are given on page
122. References for wheat gluten (Mien Chin) are given on
page 256.
This book is largely a list of references relating to plants
listed in the Pen Ta’ao Kang Mu. It is not a translation or
summary of the latter work.
Note: This is the earliest English-language document
seen (June 2013) that uses the term “the fresh hulls” to refer
to soy bran. Address: PhD, Head of the Div. of Physiological
Sciences, Henry Lester Inst. of Medical Research, Shanghai,
China.
622. Rouest, Leon; Guerpel, Henry de. 1936. Le soja
français et ses applications agricoles et industrielles [The
French soybean: Its agricultural and industrial applications].
Chateauroux, France: G. Langlois. xxiii + 99 p. 28 cm. [42
ref. Fre]
• Summary: Contents: Preface, by L Brétignière (Prof. at
Grignon, Member of the Academy of Agriculture). Preface
to the first edition, by Louis Forest (1921). Introduction to
this new edition: Soviet Russia and the soybean (le Soja;
includes the story of Rouest’s stay in the Northern Caucasus,
Russia, from 1930 to 1933), Germany and Poland take up
the soya question, the canons [guns] of Germany versus
the Manchurian soybean, a secret contract to provide the
weapons of war, organization of a Polish bank in Manchuria,
Germany cultivates soybeans in Romania and Bulgaria
in preparation for the war, France and the cultivation of
soybeans.
1. What is soja? 2. History of the propagation of soja:
Introduction of the soybean into France and Europe, the
soybean is cultivated in central Europe, in Austria, in 1875,
in France the soybean is the object of numerous trials from
1876 to 1881, its cultivation worldwide, the study and
acclimatization of soya become generalized.
3. Botanical characters of the soybean: And the varieties
of soybeans. 4. Chinese varieties: The soybean in China, the
production of soya in China in 1916 and 1917, production
of soya in the Far East during the year 1928, exportation of
soya from the Far East to Europe.

5. Japanese varieties: The soybean in Japan, varieties
of soya from Indochina and from other Asian countries. 6.
The soybean in America: American varieties, cultivation
of soybeans in Ohio, selection of soya using pure lines in
Connecticut.
7. The soybean in Europe: Italy, Russia, France,
French climatic zones for the cultivation of Soja hispida,
the Atlantic zone, the continental zone, the Mediterranean
zone and climate, can the soybean be cultivated in all the
French climates including those in the north, northeast,
and northwest, speedy production of soybeans in view of
agricultural production and of the creation of early varieties
for the regions in north and northeast France.
8. Instruction for growing soja in France. 9. Soja
in Manchuria. 10. Soja seeds. 11. Selection of soja. 12.
Varieties of soja. 13. Different ways of planting soya seeds.
14. Soy yield. 15. Nitrogen fixation in soya seeds. 16. Tilling
and preparing the earth. 17. Soja fodder. 18. Soja, striking
and improving. 19. Harvesting soja grain. 20. Soja oil. 21.
Soja oil-cake for animal feeding. 22. Vegetable milk, soja
milk and industrial casein.
23. Soja in human food: Soy flour and its applications,
soy bread with wheat, nutritional composition of soja
compared to dry legumes, soy viewed as a dry legume
to replace meat, comparative production of nutritive
elements among the various legumes used for human food,
comparative value in calories of the usual foods and of soja,
preparation of soy soups and meals in compressed tubes,
what varieties of soy can serve the special needs of human
nutrition, Sojenta, potatoes stuffed with soy, force meat balls
(boulettes) of rice and soy, bread of rice and soy, pudding
of soy and rice, soy sprouts and their food value, fresh soy
sprouts in a salad, soy sprouts with vegetables, soy preserves
and confections, soy chocolate, soy coffee, soybeans
conserved in containers, soy with smoked fish, soup with
soy vegetable meat, soymilk soup, omelet with smoked soy
vegetable ham, green soy sprouts, soy cake, soy force-meat
fritters.
24. The utilization of soja in the Far East: Vegetable
cheese (tofu), soy-based condiments, Japanese natto (2
types), Japanese miso, Chinese miso, soy sauce (soyou or
schoziou), making soy sauce in Kwantung, China, making
soy sauce in Japan, koji or molded rice.
25. The culture of soja in North Africa (Rouest has
varieties that would grow and yield well in the French
colonies of Tunisia, Algeria, and Morocco). 26. Opinions of
some authors on soja. Conclusions. Bibliography on soja.
A small photo on the “Dedication” page shows Léon
Rouest (born in Paris on 11 Nov. 1872).
Concerning soy in Russia (USSR) (p. 52-53): In Russia,
the soybean has been known for quite a long time, specially
in Ukraine and Bessarabia, but it was never grown over
a large area, and was given a back seat (low priority) in
agriculture until after the revolution of 1917. It was not until
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1926-27 that cultural trials were conducted on farms in the
state of Northern Caucasus (d’Etat du Caucase du Nord).
In the regions of Rostov-on-Don (Rostow-sur-Don; Rostovna-Donu), Eisk (near Krasnodar), Stavropol, Prim-Koumsk,
Yessentuki / Essentuki in the Kuban and Kuban River area
of the North Caucasus region of southern Russia, the yields
were 11 to 16 quintals.
In 1927 there were 600 ha planted to soybeans,
increasing to 17,000 in 1928, in the kolkhoz (collective)
farms or the sovkhoz (state owned) farms.
In 1929-1930 and until 1932-1933 there were very
laudable / praiseworthy efforts to propagate soybeans in
favorable regions, especially in the North Caucasus, but the
soils of this region, although they are very rich and well
suited to soybeans are also very rich in bad weeds and the
results obtained up to the present do not seem favorable. As
I said earlier, the soybean is a technical plant of the intensive
cultivation type. It is very well suited to the soil and climate
of Russia, but it is less well suited to the indolent character of
people who are accustomed to cultivating only small parcels
and who are suddenly, through collectivization, thrown into
cultivating immense fields. In spite of the remarkable efforts
at mechanization, the peasants who submit to collectivization
and who do not yet understand it very well, the cultivation of
soybeans does not assume the importance hoped for (p. 52).
Note: This is Rouest’s first book about soy since 1930.
Address: France.
623. Sampson, Hugh Charles. 1936. Cultivated crop plants
of the British Empire and the Anglo-Egyptian Sudan (topical
and sub-tropical): Based on information which has been
supplied by the Departments of Agriculture concerned.
Bulletin of Miscellaneous Information, Additional Series
(Royal Gardens, Kew) XII. vii + 251 p. See p. 85, 201.
(London: H.M. Stationery Office). [5 ref]
• Summary: “The information furnished in this Inventory
of Cultivated Crop Plants, which was asked for by the
Conference of Colonial Directors of Agriculture held in
1931, is based on the replies to a questionnaire issued by the
Director of the Royal Botanic Gardens, Kew, and forwarded
by the several Departments of State concerned to all Tropical
and Sub- Tropical countries of the British Empire and to
the Anglo-Egyptian Sudan. A copy of this questionnaire,
together with the explanatory notes and covering letter, is
printed as Appendix B to this publication. The information
thus furnished has of necessity had to be condensed. There
may be, and probably are, numerous errors. The officers who
have made these returns may not in some cases have had the
necessary facilities to enable them definitely to determine
the species of the plant referred to, nor have they always the
knowledge requisite for the task.”
“Where the actual date of an introduction, and the
country from which the plant was introduced are known,
these are shown in brackets after the name of the country

concerned.”
A major part of the book is titled “List of Cultivated
Crop Plants,” arranged by Genus name. Pages 85-86 discuss
Glycine Linn. Leguminosae.
Glycine javanica Linn. Tropical Africa and Asia.
‘Rhodesian Kudzu Vine.’ A fodder plant. An indigenous or
early introduction in Southern Rhodesia. Note 1. This is the
earliest document seen (March 2021) that uses the name
“Rhodesian Kudzu Vine.”
Glycine max (Linn.) Merr. Known as “Gari kalai” in
Bengal, “Pe-ngapi” in Burma, “Vilayati Chowra” in Sind,
and “Kachang sapon” in Malay. “There appear to be two
types; the northern type whose seeds are rounded in shape
and often light colored and which grow on an erect plant, and
the more tropical type which has a flattened seed, often dark
colored, on a plant with a definite trailing habit.
(a) Indigenous or an early introduction in Burma,
Sarawak [joined Malaysia in 1963], and the United Provinces
[became a state of India, Uttar Pradesh, in 1947].
(b) Successfully introduced in Assam, Bahamas,
Bengal (many varieties), Bihar & Orissa, Fiji, Hyderabad,
North-West Frontier [became part of Pakistan in 1947],
Queensland, South Africa, Southern Rhodesia, S.S. &
F.M.S. [Straits Settlements & Federated Malay States;
later Singapore and Malaysia] (by Chinese), Uganda
(occasionally), W. Australia (occasionally).
Note 2. This is the earliest document seen (March 2021)
that clearly refers to soybeans in Fiji or the cultivation of
soybeans in Fiji.
(c) Still under trial or established on an acclimatisation
station in Baroda [India], Bermuda (as a green manure),
Bombay, British Guiana [later renamed Guyana] (1905;
Venezuela, 1913; Trinidad, 1927), Central Provinces [India],
Cyprus, Grenada, Kenya, Madras, Mauritius, Mysore (2
varieties from Java are promising), New Guinea (black
and white seeded kinds), Nigeria (from U.S.A. and Fiji),
Northern Rhodesia, Nyasaland, Punjab, St. Kitts, St. Lucia
(Trinidad, 1925), St. Vincent, Seychelles, Sind [became
part of Pakistan in Aug. 1947; capital is Karachi], AngloEgyptian Sudan, Tanganyika Territory, Trinidad.
Note 3. The meaning of “St. Lucia (Trinidad, 1925)”
is unclear. As of 2009, St. Lucia is an island nation, one of
the Windward Islands, in the eastern Caribbean Sea. About
250 miles to its south is Trinidad and Tobago, a completely
different, separate, and much larger island nation. Moreover,
there is no city or town named “St. Lucia” on Trinidad and
Tobago.
(d) Introduced, but the cultivation has subsequently
disappeared or has been abandoned, in Basutoland
(abandoned as the seed shatters badly), Ceylon, Dominica.
(e) Introduced but has failed to become established
in Antigua, Gambia, Gold Coast [Ghana] (Russia, 1929),
Montserrat, North Borneo, Palestine, Sierra Leone (S.
Russia, 1913; Botanic Garden, Regent’s Park, England,
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1928).
Pages 201-04 give a detailed description of Glycine
max including: Introduction, plant habit, leaves, flowers and
fertilisation, fruit, seeds, conclusion.
Note 4. This is the earliest document seen (March 2021)
concerning soybeans in The Bahamas, Basutoland (later
renamed Lesotho), Palestine, the Seychelles, or Saint Vincent
and the Grenadines, or the cultivation of soybeans in The
Bahamas, Basutoland, Palestine, the Seychelles, or Saint
Vincent and the Grenadines. This document contains the
earliest date seen for soybeans in the Bahamas, Basutoland,
the Seychelles, or Saint Vincent and the Grenadines, or the
cultivation of soybeans in The Bahamas, Basutoland, the
Seychelles, or Saint Vincent and the Grenadines (1936 or
before). The source of these soybeans is unknown.
Note 5. This is the earliest document seen (March
2021) concerning soybeans in Cyprus, or the cultivation of
soybeans in Cyprus. This document contains the earliest date
seen for soybeans in Cyprus, or the cultivation of soybeans
in Cyprus (1936). The source of these soybeans is unknown.
However another document published the same year
contradicts this claim: Institut International d’Agriculture
(International Institute of Agriculture). 1936. Le soja
dans le monde [The soybean in the world] (which see).
Unfortunately, Sampson gives no details about the soybeans
said to be cultivated in each country.
Note 6. This document contains the earliest date seen
for soybeans in Guyana, or the cultivation of soybeans in
Guyana (1905). The source of these soybeans is unknown.
Note 7. This is the earliest document seen (March 2021)
concerning soybeans in New Guinea, or the cultivation of
soybeans in New Guinea. This document contains the earliest
date seen for soybeans in New Guinea, or the cultivation of
soybeans in New Guinea (1936 or before). However New
Guinea is an island (the second largest in the world, after
Greenland), which (as of 2007) is administratively divided
into Western New Guinea, a province of Indonesia (formerly
known as Irian Jaya and formerly part of the Dutch East
Indies) on the West and the independent country of Papua
New Guinea (formerly British New Guinea) on the east.
Since this is an article about plants of the British Empire,
the soybeans were almost certainly grown in what is today
Papua New Guinea.
Note 8. This document contains the earliest clear date
seen for soybeans in Sierra Leone, or the cultivation of
soybeans in Sierra Leone (1913) (one of three documents).
The source of these soybeans was probably South Russia via
Great Britain.
Note 9. This is the earliest document seen (March
2021) that clearly refers to soybeans in Northern Rhodesia
(later Zambia), or the cultivation of soybeans in Northern
Rhodesia. This document contains the earliest clear date
seen for soybeans in Northern Rhodesia, or the cultivation of
soybeans in Northern Rhodesia (1936 or before). The source

of these soybeans is unknown.
Note 10. This document contains the earliest date seen
for soybeans in Venezuela, or the cultivation of soybeans in
Venezuela (1913). The source of these soybeans is unknown.
Soybeans were probably being cultivated in Venezuela in
1913, but we cannot be certain from this document.
In 1905, Jos. Burtt-Davy, government agrostologist
and botanist in Transvaal, South Africa, notes (p. 261): “On
January 1st Mr. H.C. Sampson, B.Sc., was transferred from
the Education Department to be my assistant for Seed and
Plant Introduction.” Address: Economic Botanist, Royal
Botanic Gardens, Kew; Indian Agricultural Service, Retired.
624. Toxopeus, Hendrik Jannes. 1936. Over physiologische
specialisatie bij knolletjes-bacteriën van kedelee op Java
[On physiological specialization by soybean root nodule
bacteria in Java]. In: Verslag van de 16e Vergadering van de
Vereeniging van Proefstation-Personeel. See p. 53-62. [Dut]*
Address: Plantkundig Laboratorium van het Algemeen
Proefstation voor den Landbouw te Buitenzorg, Java.
625. Albrecht, Wm. A.; McCalla, T.M. 1937. Longevity of
legume bacteria (Rhizobium) in water. J. of the American
Society of Agronomy 29(1):76-79. Jan. [5 ref]
• Summary: “Conclusions: The retention of viability of
the legume bacteria under such conditions as provided in
these tests suggests that apprehension regarding speedy
destruction of the cultures in tap water in closed containers
is unwarranted and that inoculation failures by tap water
transfer of cultures can scarcely be ascribed to this water
treatment.” Address: Dep. of Soils, Missouri Agric. Exp.
Station, Columbia, Missouri.
626. Long, Theo. P.; Kersten, H. 1937. Structural changes
produced in leaf tissue of soy bean plants by irradiation
of the dry seeds with soft X-rays (Open Access). Plant
Physiology 12(1):191-205. Jan. [2 ref]
• Summary: “This paper describes a similar study in which
the seeds used were dormant soy beans and the radiation
was soft, or long wave-length, x-rays generated by a gas
x-ray tube (1). Although it is not the purpose of this paper
to compare the two types of radiation with regard to their
ability to produce deformed plants from irradiated seeds it
may be said that if a given quantity of radiant energy in the
x-ray region here considered should strike the surface of a
seed, a greater part of it would be absorbed by the seed if the
radiation were of long wave-length than if it were of short
wave-length. If the extent of the deformity produced in the
plants grown from x-irradiated seeds depends on the quantity
of energy they have absorbed, then one would expect the
longer wave-length to produce the greater deformity, if the
incident quantities of energy were alike.”
Note: This article is a precursor of those on mutation
breeding of soybeans which started in late 1951. Address:
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Univ. of Cincinnati, Cincinnati, Ohio.
627. Clements, Harry F. 1937. Studies in drought resistance
of the soy bean. Research Studies of the State College of
Washington 5(1):1-16. March. [8 ref]
• Summary: “Conclusions: That the soy bean is capable of
resisting drought is indicated by the fact that it adjusted itself
to a deficiency of moisture which, during the early stages,
was severe enough to cause the daily wilting of the leaves.
The plant by some means was able to withstand the effects of
the drought even though its intensity increased. Outwardly,
the most noticeable change was the reduction of the growth
rate. Inwardly, however, many changes occurred. The plant
produced large quantities of hemi-celluloses in its stems and
leaves. These materials by microscopic examination were
found not only to line the inner walls of the cells but also to
extend into the protoplasm. Since this group of carbohydrates
contains gel-forming materials, it is not unreasonable to
suppose that the cell contents have a greater viscosity than
those of cells produced under more optimum conditions.”
“In fact, it was difficult to destain sufficiently to see
the contents clearly. It is possible that the reason the plants
overcame their wilting period was that as they built up this
hemi-cellulose content, the viscosity of the protoplasm was
great enough to approach a gel condition providing enough
rigidity to support the cell walls, and thus prevent their
collapse. If Iljin (8) is correct in stating that desiccation kills
cells by rupturing the protoplasts as the vacuoles disappear,
then a highly viscous protoplasm would be a benefit to
drought-resisting plants. On the other hand, the gel itself,
continuous from the protoplast to the outside of the cell wall,
could well be a means of retarding water loss. The resistance
to water movement would be greater in a gel. Further, if the
desiccation in the outer portion of the cell wall proceeds
more rapidly than the outward movement of water from
within the cell, such desiccated portions would be wetted
subsequently with difficulty, and thus further retard water
loss. The development of this more highly viscous system
is reflected by a greater protoplasmic stability and therefore
reduced metabolic activity and growth.” Address: Assoc.
Prof. of Botany, State College of Washington.
628. Granick, Sam. 1937. Urease distribution in plants:
General methods. Plant Physiology 12(2):471-86. April.
(Chem. Abst. 26: 8603). [30 ref]
• Summary: This is the first of three papers on urease
distribution in jack beans (Canavalia ensiformis) and soy
beans (Soja max). These two plants are the richest in their
content of this enzyme. Two methods of determining urease
are described–a histological method and a quantitative
method. For more details, see the author’s thesis. Address:
Newcombe Fellow in Plant Physiology, Univ. of Michigan.
629. Poehlman, John M. 1937. A study in varietal adaptation

of soybeans. PhD thesis, University of Missouri. 43 p. Also
published as Missouri Agric. Exp. Station, Research Bulletin
No. 255. May 1937. 43 p. Titled “A Study of the Relative
Adaptation of Certain Varieties of Soybeans.” [26 ref]
Address: Univ. of Missouri, Columbia.
630. Pantagraph (The) (Bloomington, Illinois). 1937. New
vegetable soybeans tested by 200 gardeners: can plant edible
varieties now–resist drought, are ready in late summer. June
9. p. 11, cols. 1-2.
• Summary: “The seed of four promising varieties of edible
soybeans was this spring distributed to about 200 cooperative
gardeners by the U. of I. college of agriculture, for testing
and multiplication of the limited seed supply.
“Tests conducted for several years have indicated that
the vegetable varieties of soybeans may provide a much
needed late season garden crop, maturing when most
vegetables are out of season, according to J.W. Lloyd, chief
of olericulture at the college station in Urbana.
“Dry weather of last summer did not prevent the plants
from producing a crop there.
“Last summer’s test singled out four desirable varieties
which provided green shell beans from Aug. 19 to Oct. 5.
The Giant Green was the earliest, maturing about Aug. 19.
Next was Fuji, maturing Sept. 1; the Hokkaido was ready
for the table Sept. 8, and Funk’s Delicious lasted from Sept.
17 to Oct. 5. Higan variety also matures the latter half of
September.”
Note 1. This is the earliest document seen (Nov. 2020)
that mentions the soybean varieties Funk’s Delicious [also
spelled “Funk Delicious” elsewhere], or Giant Green.
Note 2. This article also appeared in The Kinmundy
Express (June 10, p. 4), The Thomson Review (June 17, p.
5), The Times (Streator) (June 22, p. 9). All these newspapers
are from Illinois.
631. True, Alfred Charles. 1937. A history of agricultural
experimentation and research in the United States 16071925, including a history of the United States Department
of Agriculture (Continued–Document part II). USDA
Miscellaneous Publication No. 251. 321 p. For soybeans, see
p. 91, 94, 100, 115, 146, 222, 227, 263, and 269. July. [327*
ref]
• Summary: (Continued): In 1863 about 1.2 million
packages of seed and 26,000 bulbs, cuttings, and vines
were distributed. Appropriations for a USDA library
were approved in 1864, and the first brick building was
occupied in 1865. In 1867 seed distribution was still the
department’s main activity, accounting for 58% of the total
budget of $199,100 (p. 47). In 1868 the USDA’s first new
main building was completed and occupied. It “gave the
Department much better quarters and opened the way for
reorganization and enlargement of its work. The grounds
about this building were too small for an experiment farm.
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(p. 46, with photo).
“In 1873 the lot which had long been used as a
propagating garden was exchanged for about 4 acres of land
on the north side of the Department grounds,” which had
formerly been connected with a canal (p. 50). Commissioner
William Gates LeDuc (1877-81) “advocated the purchase of
a farm of 1,000 acres near Washington [DC] and at one time
suggested the Arlington Estate. In addition he desired 8 or
10 stations in different parts of the country” to ensure proper
testing and propagating of plants and seeds (p. 55).
“In 1901 the Arlington Farm, a tract of over 300 acres on
the Virginia side of the Potomac River opposite Washington,
was added to the material equipment of the Department” (p.
190).
By the 1860s, several states had their own agricultural
colleges. The first of these was the Michigan Agricultural
College, which began operation in May 1857, near Lansing,
Michigan; it was the first agricultural or industrial school on
this continent–and the first to offer a practical (non-classical)
education. The Kansas State Agricultural College began in
1863.
In 1877 some 2.3 million packets of seed were sent
out, rising to 2.5 million in 1883. The term “Secretary of
Agriculture” was first use in 1885. Galloway began as Asst.
Pathologist in 1887 and by 1890 the Section of Vegetable
Pathology was under his leadership.
Under the provisions of the Hatch Act, the Office of
Experiment Stations was established in 1888. In 1889 the
Secretary of Agriculture (head of USDA) was given a seat in
the president’s cabinet.
“Interest in the applications of science to agriculture
was greatly increased by the publication of Liebig’s work on
Chemistry and its Applications to Agriculture and Physiology
in 1840, and Boussingault’s account of his agricultural
experiments in Economie Rurale in 1844. The experiments
of Lawes and Gilbert in England took a more organized form
in 1843, and an agricultural experiment station was begun at
Moeckern in Saxony [later part of Germany] in 1851.”
In the USA, from 1840-1875 there was a movement
among the states to establish institutions for agricultural
research. State agricultural experiment stations operated
without federal aid from 1875 (starting with Connecticut
{Middletown}) to 1888. These were usually connected with
state agricultural colleges. Other early state agricultural
experiment stations: North Carolina: March 1877. New
York (Cornell, at Ithaca): Feb. 1879. New Jersey (Rutgers
College, New Brunswick): March 1880. New York (Geneva):
Aug. 1881. Ohio (Columbus): April 1882. Massachusetts
(Amherst): May 1882. Tennessee: June 1882. Alabama:
1883. Accounts of the agricultural experiments at the
University of Illinois from 1875-1899 were published in the
biennial reports of the board of trustees. Soon many states
had two colleges–an academic and an agricultural one, e.g.
Univ. of Kansas (Lawrence, 1863) and Kansas State Univ.

(Manhattan, 1863). Colleges with the word “State” at the end
of their names were usually agricultural colleges (Ohio State,
Michigan State, Oregon State, etc.). But other agricultural
colleges had names like Purdue (West Lafayette, Indiana,
1869).
The Hatch Experiment Station Act. of 1887 established
agricultural experiment stations in each state, funded by
the federal government. The idea was stimulated by similar
European stations. From 1852 to 1877 more than 2,000
books and pamphlets were published by the experiment
stations. Prior to the passage of the Hatch Act, the U.S.
federal government had appropriated money for agricultural
research only to the patent office and its offshoot, the USDA.
The Hatch Act established a new relationship between the
federal government and the states by granting money to the
states for agricultural experiment stations that were to be
distinctly state institutions. When the Act passed, experiment
stations connected with land grant colleges were operating
in eight states. More or less systematic work was being done
in 13 other states. Most of the experiment stations published
periodic bulletins and less frequent annual reports.
The Adams Act (p. 165) increased federal aid for
agricultural research.
“The act of May 15, 1862, creating the Department
of Agriculture, was a compromise measure, which left
the department as an independent establishment with
a commissioner at its head.” Starting in 1876, various
national and state farm organizations (such as the National
Agricultural Congress and the Grange) adopted resolutions
asking Congress to create the office of Secretary of
Agriculture–for the benefit of American farmers and
“agriculturists.” On 9 Feb. 1889 the USDA was elevated to
cabinet rank (p. 175-77). By then, the organized system of
agricultural research in the USA was put on an organized
and permanent basis The state and national agencies were
linked together to the USDA Office of Experiment Stations.
The passage of the Morrill Act of Aug. 1890 ensured further
endowment of the land-grant colleges with federal funds.
Thus within the short period of 3½ years, three great acts
of congress became law, and fixed in a large and permanent
way the general policy to be pursued by the U.S. regarding
the maintenance of public institutions for agricultural
research. The first Secretary of Agriculture was James
Wilson (1897-1913); his was a long and very active tenure.
In 1901 the Arlington Farm, a tract of over 300 acres
on the Virginia side of the Potomac River, was acquired by
the USDA. A farm of 475 acres in Beltsville, Maryland, was
purchased for the use of the Bureau of Animal Industry.
The USDA library grew from 59,000 books and
pamphlets in 1897 to 122,000 in 1912.
In 1901 the USDA’s work on plants was consolidated
in the Bureau of Plant Industry. This led to great expansion
of such work in many different lines. Beverly T. Galloway
was in charge of this Bureau; he had formerly been Chief of
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the Division of Plant Physiology and Pathology (p. 197). For
details on the history of the Bureau of Plant Industry see p.
(221-24).
“The plant-introduction work, inaugurated in 1898,
developed into a system of world-wide agricultural
exploration, through which over 34,000 plant varieties
and species were brought in the United States. These were
propagated at Washington or at outlying field stations, and as
far as possible their progeny was distributed to experiment
stations and private experimenters and plant breeders in the
States and tropical possessions. A historical record of all
these introductions and distributions was kept.”
In 1915 the USDA Office of Home Economics was
established. It became a Bureau in 1923. The Bureau of Plant
Industry did much of its work at the Arlington Farm. The
Bureau of Chemistry (1913-1921) studied the composition
of soybean varieties and soy oil. There was an agricultural
depression in the USA from 1921 to 1925.
Also discusses: Alfalfa, John and William Bartram (p.
3), Chinese sugarcane (i.e., sorghum, p. 31), chufa (p. 31),
cowpeas, flax, hemp, lupines, maize, peanuts, velvetbean
[velvet bean], wheat gluten.
A photo shows Justin S. Morrill. Address: USDA,
Washington, DC.
632. Rosenbaum, Hans. 1937. Untersuchungen zur Frage der
Entwicklungsbeschleunigung bei Sojabohnen [Investigations
on the question of the acceleration of soybean development].
Angewandte Botanik 19(4):441-91. July/Aug. Based on his
51-page PhD Thesis from Berlin. [43 ref. Ger]
Address: Giessen, Germany.
633. Orcutt, F.S. 1937. Nitrogen metabolism of soybeans
in relation to the symbiotic nitrogen fixation process. Soil
Science 44(3):203-15. Sept. [18 ref]
• Summary: Orcutt conducted several experiments with the
soybean plant, which he selected because of its rapid growth
and development of large nodules. A typical experiment
included three series of plants: (1) Inoculated plants provided
no external source of combined nitrogen but inoculated
with an efficient strain of Rhizobium japonicum; (2) High
Nitrogen, plants inoculated, but supplied with adequate
ammonium nitrate; (3) Low Nitrogen, plants uninoculated
and given half as much nitrogen as those in the High
Nitrogen series. An attempt was made to add the combined
nitrogen periodically at such a rate that the development of
the inoculated plants would be intermediate between those of
the other two series. The results are show in three graphs.
Searches for intermediate products in the nodules have
proven fruitless. Address: Wisconsin College of Agriculture.
634. Ruf, E.W.; Sarles, W.B. 1937. Nodulation of
soybeans in pot culture by effective and ineffective strains
of Rhizobium japonicum. J. of the American Society of

Agronomy 29(9):724-27. Sept.
• Summary: The weight and volume of nodules produced by
poor strains of the soybean organism were larger than those
produced by a good strain.
Workers who test cultures of rhizobia for commercial
distribution frequently comment on the poor nodulation
obtained during seasons of short days and low light intensity.
The authors found that in a fall experiment nodules formed
on soybeans with efficient of Rhizobium japonicum were
restricted to the upper portions of the roots, especially near
the crown.
Note: The crown of a plant refers to the totality of an
individual plant’s above-ground parts, including stems,
leaves, and reproductive structures.
In a spring trial, nodules also formed on the lower
roots. With a poor strain that fixed little nitrogen (wider
carbohydrate-nitrogen relationship), the nodules were
distributed throughout the root system in both experiments.
Thus, both infectiveness and effectiveness increase with the
advance of the sun–as the days grow longer and brighter.
Address: Dep. of Agricultural Bacteriology, Univ. of
Wisconsin, Madison.
635. Woodworth, C.M. 1937. Recent results in soybean
breeding and genetics (Continued–Document part II).
Proceedings of the American Soybean Association p. 44-48.
17th annual meeting. Held 14-16 Sept. at Urbana, Illinois.
• Summary: (Continued): “Recently, another type of sterility
has been observed by Mr. L.F. Williams, of the Bureau of
Plant Industry, United States Department of Agriculture, who
is cooperating with us on our soybean genetic investigations.
This type is due to a special class of chromosomal aberration
in which parts of two chromosomes belonging to different
pairs change places. This results in half the pollen and egg
cells being bad or nonfunctional. Since in this case there is
no embryo development at all, only a tiny speck remains in
the pod where the seed ought to be, and consequently the
pod contracts and appears smaller than it should. A threeseeded pod with two abortive seeds looks like a one-seeded
pod; with one abortive seed, like a two-seeded pod, and
so on. Furthermore, these abortive seeds are distributed
by chance through the pods–no part is favored more than
another, as in the type of abortion first described. Fortunately,
the chromosomal type of abortion is not common in our
commercial varieties. It has been observed in crosses with a
strain which was the result of subjecting seed to radium rays.
A concomitant effect of radium on this seed was to produce
one of the chlorophyll defects described earlier in this paper.
Hence, when this yellow strain is crossed with a normal, the
F1 hybrids exhibit chromosomal sterility, and the same is
true of half the F2 plants.
“I should like now to make a few remarks on principles
of breeding as they apply particularly to soybeans. The
soybean is a self-fertilized crop, though a slight amount of
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natural crossing takes place. When, therefore, hybrids are
grown and carried down through several generations, there
is a rapid approach to uniformity and constancy, and we
expect as many pure types as are represented by the formula
2m where m is the number of genes for which the F1 was
heterozygous. Seed of the F2 plants can be put together
to make a hybrid population, planted, an F3 generation of
plants grown, harvested and planted the next year for F4, and
so on. Such a bulked hybrid population furnishes abundant
material for selection especially if the original hybrid was
heterozygous for several characters, or if several hybrids
are put together. Practically we say that after five or six
generations of selfing, one can make selections within such
a hybrid population with fair assurance that they will breed
true. We prefer controlled crosses to natural crosses in a
breeding program, as we are more certain what the parents
are and we have greater freedom in our choice of parents.
Many soybean crosses give rise to considerable hybrid
vigor in F1, but it is impossible to utilize it for increased
production as we can in corn, and it is rapidly dissipated as a
consequence of self-fertilization. In linkage studies it would
be of some advantage if we were able to make crosses easily
and in large numbers, so as to get progenies resulting from
crossing the double heterozygote with the double recessive.
As it is, we have to confine ourselves to the use of F2 data
for this purpose. This is no great handicap, however, as many
formulae are available by means of which the percentage
of crossing over can be readily calculated. Selection and
hybridization go together. But selection within a pure strain
is ineffective. The method of back-crossing a hybrid to
one of the parents has been tried and is believed to have
possibilities, but these are limited by the difficulty of making
crosses. Also three-way and double-crosses should be tried,
but here again the possibilities are limited and for the same
reason. By crossing our common varieties we strive to
bring together into one type as many desirable characters as
possible. Much remains to be done along this line.
“Breeding for chemical composition is a promising but
relatively untouched field of work. This character is very
complicated in inheritance, and one must work with large
numbers to assure progress. In this important field of work,
the Regional Soybean Laboratory will be of great help
when it is able to analyze for us large numbers of plants
individually. We hope, therefore, with their help to be able
to report considerable progress on this problem in the near
future.”
Note: This is the earliest document seen (July 2016)
that contains the word “selfing” in connection with soybean
breeding. In biology, selfing is a method of seed generation
in which pollination is performed manually and the pollen
donor and egg donor are from the same plant. Address: Dep.
of Agronomy, Univ. of Illinois, Urbana.
636. Cooper, H.P.; Paden, W.R.; Smith, R.L. 1937. Intensity

of removal of cations from cotton, corn, and soy bean tissue
by fractional electrodialysis. Plant Physiology 12(4):979-87.
Oct. [12 ref]
• Summary: “Summary: 1. Samples of plant tissue were
electrodialyzed in order to determine the intensity of removal
of the various metals. The data presented illustrate very
clearly the differential in the intensity of removal of various
metals from plant tissue. The strongest ions are removed
most readily from the plant tissue. Large proportions of
the strong potassium and sodium ions were found in the
first fractions of the diffusate. The fractional electrodialysis
studies on the intensity of removal from plant tissue, from
soils and from plant tissue, as would be expected, are in
complete agreement...” Address: South Carolina Agric. Exp.
Station, Clemson, South Carolina.
637. Murneek, A.E. 1937. Biochemical studies of
photoperiodism in plants. Missouri Agricultural Experiment
Station, Research Bulletin No. 268. 84 p. Oct. [229 ref]
• Summary: Deals primarily with the physiology of the
soybean plant. “When soybean plants, var. Biloxi, are
exposed to a photoperiod conducive to sexual reproduction
(7-hour day) two significant effects on development were
recognized: (1) Photoperiodic induction of reproduction,
which occurs during the first 4-14 days and (2) photoperiodic
inhibition or reduction of growth in height, most conspicuous
soon after induction is completed. The two phenomena
appear to be brought about independent of each other. Their
causal mechanisms have not been discovered.” Address:
Columbia, Missouri.
638. Salgues, René. 1937. Étude agronomique et chimique
de quelques Sojas cultivées en France [Agronomic and
chemical studies on some varieties of soybeans grown in
France]. Revue de Botanique Appliquee & d’Agriculture
Tropicale 17(194):724-37. Oct. [1 ref. Fre]
• Summary: The author has conducted soybean trials with
various varieties since 1921 in the region of Brignoles,
France. Some of the best studies on soya in France have
been written by Mlle. Marie-Thérese François, Professor at
the Faculty at Nancy, France. They appeared during 193536 in the Actes et Compte-rendus de l’Association Colonies
Sciences. A table gives statistics for the world’s principal
countries importing and exporting soybeans and soy oil,
during 1925-29, 1932, 1933, and 1934.
Details are given on soybean trials conducted in the
region of Brignoles. Eleven varieties were grown, obtained
from various locations. For each variety is given: Variety
names or numbers. Germination percentage. Density. Weight
of 100 seeds. Plant habit. Flowering (usually none). The date
obtained, varietal names, and seed weights, when given,
are shown in parentheses. The locations are: 1. Botanical
Garden of Eala, Belgian Congo (3 numbered varieties; 100
seeds weigh 28.6, 27.9, and 31.4 gm). 2. Botanic Gardens,
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Peradeniya, Ceylon (23.5 gm). 3. State Botanical Garden,
Buitenzorg, Java (2 numbered varieties; 29.1 and 15.5 gm).
4. Botanic Gardens, Singapore, Straits Settlements [incl.
Malaya] (22.3 gm). 5. Botanic Gardens, Sibpur, Calcutta,
British India (22.3 gm). 6. Agricultural Service, Beirut,
Lebanon (Service de l’Agriculture, Beyrouth; Etat du
Grand Liban) (1924; 35.6 gm). 7. Botanical Garden, Tabor,
Czechoslovakia (1924; 18.4 gm). 8. Technische Hoogeschool
Culturtuin voor Technische Gewassen, Delft, Netherlands
(4 varieties–alba 34.3 gm, nigra 26.5 gm, ochroleuca 23.8
gm, Sangora 21.2 gm). 9. Bureau of Plant Industry, USDA,
Washington, DC, USA (2 varieties–alba 27.8 gm, nigra
24.3 gm). 10. College of Agriculture, Univ. of Wisconsin,
Madison, Wisconsin, USA (3 varieties–Mandarin 54 23.6
gm, Manchu Ped. 3 19.6 gm, Ito San 57 27.3 gm). 11. Dr.
Trabut, then Pr. Maire, Direction du Service Botanique,
Algers, Algeria (4 or 5 varieties–Haberlandt 1929 19.8 gm,
Black No. 6 (black eye) 23.7 gm, Précoce 1 1922 23.9 gm,
Mamouth [Mammoth] 26.7 gm.).
An analysis of the chemical composition of the seeds
of most of these varieties is given on p. 722, and a detailed
analysis of the oil of six varieties is given on p. 733.
Details on large scale cultivation of 11 other varieties of
soybeans at Vaucluse are also given (p. 734-36). The variety
names (in French) are: Jaune de Pologne, Soja brun, Soja
saumon, Mandarin, Hato tacheté noir, Vert monstre, Hato
noir, Tokyo noir, Sun Yat Sen, Mandchou [Manchu], 206
vert. For each is given: Color of the seeds, color of the pods,
density, yield in 100 liters per hectare, yield in kg/ha (ranged
from a high of 2,870 for Hato tacheté noir to a low of 1,530
for Soja brun). weight of 1000 seeds in grams, number of
seeds per kg, seeding rate (kg/ha), number of times the seeds
were harvested.
A final section on soymilk gives the composition of
soymilk made by the author from 5 varieties of soybeans.
Note: This is the earliest document seen (Dec.
2007) concerning soybeans in Lebanon, and (probably)
the cultivation of soybeans in Lebanon. This document
contains the earliest date seen for soybeans in Lebanon, or
the cultivation of soybeans in Lebanon (1924, probably).
The source of these soybeans is unknown. Large green
soybean seeds were sent from Beirut to France in 1924.
Address: Fondation Salgues de Brignoles (France) pour le
developpement des sciences biologiques.
639. Hibbard, Aubrey D. 1937. Photoperiodism and enzyme
activity in the soybean plant. PhD thesis, University of
Missouri. 48 p. In: Doctoral Dissertations Accepted by
American Universities, 1937. Also published as Missouri
Agric. Exp. Station, Research Bulletin No. 271. Dec. 1937.
48 p. [49 ref]
• Summary: “The object of this investigation was to
determine the activity of some common oxidizing and
hydrolyzing enzymes in a typical short-day [soybean]

plant growing under the conditions of long and short
photoperiods.”
“Changes in the activity of the enzymes, catalase,
peroxidase, invertase, amylase, and reductase were followed
in soybean (variety Biloxi) plants when grown under a
7-hour day (favorable to reproductive growth) and a 14hour day (favorable to vegetative growth) from germination
until the plants under the shorter light period had produced
flowers.
“The activities of most of the enzymes studied were
depressed in the beginning under the short-day treatment.
Later, there was an increase under this treatment which
continued as long as the plants were exposed to day-light
periods of different lengths.”
In the leaves of short-day soybean plants, the catalase
activity is first inhibited. It begins to increase about the tenth
day, becomes equal to the long-day plants near the 18th day,
and is increasingly greater thereafter. Catalase activity in the
tip of the short-day plant is inhibited from the first.
Peroxidase is more active in both the tips and the leaves
of the short-day plants. The difference, while small at first,
steadily increases as the treatments are continued.
Invertase shows a tendency to increase in the short-day
plants similar to the trend exhibited by peroxidase. In the
soybean plant amylase is unaffected by the lengths of the
photoperiod used in this study.
Reductase was partially inhibited by the short-day,
but showed no definite change as the plants responded to
photoperiod. Address: Univ. of Missouri, Columbia, MO.
640. Alekseev, A.M. 1937. Fiziologiceskie osnovi vlijanija
zasuhi na rastenija [Physiological principles of the influence
of drought on plants]. Ucenie Zapiski Kazansk (Scholarly
Notes of Kazan) (97):5-6. [Rus]*
Address: USSR.
641. Hibbard, A.D. 1937. Photoperiodism and enzyme
activity in the soybean plant. Missouri Agric. Exp. Station,
Research Bulletin No. 271. 48 p. [49 ref]
• Summary: This Research Bulletin is identical to his PhD
these of the same year and title. Address: Univ. of Missouri,
Columbia, MO.
642. Orgaan van den Nederlandsch-Indischen Plantersbond.
1937. Plantkundige gegevens over de sojaboon [Botanical
data on the soybean]. 260. p. 6064. [Dut]*
643. Bordas, Jean. 1937. Le soja et son rôle alimentaire [The
soybean and its role as a food]. Paris: Hermann & Cie. 36 p.
24 cm. Series: Actualités Scientifiques et Industrielles, No.
557. [24 ref. Fre]
• Summary: Contents: Introduction. 1. Botanical
characteristics and principal varieties. 2. Chemical
composition of soya. 3. Alimentary physiology and the
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nutritional uses of soya: Seeds (energy value, protein,
vitamins, use as a milk substitute), forage. 4. Different
uses of soya: Agricultural, industrial (oil, casein, sterol),
as human food (sprouts, tofu, fermented tofu, shoyu, miso,
tuong of Annam, roasted soy coffee, soy bread for diabetics,
the future of soya). 5. The economics of soya: Production,
imports, exports. Conclusions. Address: Director, Station
d’Agronomie et de Pathologie vegetale d’Avignon, France.
644. Hill, Albert F. 1937. Economic botany; a textbook of
useful plants and plant products. New York, NY: McGrawHill Book Company, Inc. x + 592 p. Illust. (many photos).
Index. 24 cm [157* ref]
• Summary: Chapter 9, “Fatty oils and waxes,” has two
sections (p. 211, 216-17) on “Soybean oil” which is a
semidrying oil. It notes that the soybean, “indigenous to
Eastern Asia, and a food plant of paramount importance
in that region, also yields a valuable oil which is extracted
from the seeds (Fig. 89, B).” “In recent years soybeans have
become a crop (Fig. 92) of major importance in American
agriculture.”
The next oil mentioned is sesame oil.
Chapter 9, “Fatty oils and waxes” contains a table (p.
227) titled “1935 imports of important fatty oils, waxes and
saponins.” These imports are apparently to the USA. It is
divided into five sections:
(1) “Oil seeds and other raw materials”: raw materials”
in descending order of amount (million pounds): Flax 983.3.
Copra 454.1. Sesame 146.3... Soybean 0.248.
(2) “Inedible expressed oils” (million pounds): Coconut
353.4. Palm nut 297.5. Tung 120.0... Soybean 14.24
(3) Edible expressed oils: Cottonseed 166.6. Peanut
80.72. Olive 70.78. Sunflower 37.05.
(4) “Oil cake”: Soybean 107.4. Copra 103.7. Cottonseed
59.7... Peanut 6.57. Thus, the main imports of soybeans are
in the form of cake.
Chapter 13, “The history and nature of food plants” has
a 6-part table showing Alphonse de Candolle’s understanding
of the antiquity of plants. The oldest plants are listed in table
(A) “Old World species cultivated for over 4,000 years.”
These include the soybean and 28 other plants.
The section on the “Origin and distribution of food
plants” states (p. 301) that the soybean originated in
“Southeastern Asia.” Note: Since the 1970s it has generally
been believed that the soybean originated in the eastern half
of North China (Hymowitz 1970).
Chapter 16, “Legumes and nuts” has a section on
“Soybeans” (p. 357) which states:
“The soybean is a native of Southeastern Asia, where
over 1,000 varieties are grown.” Manchuria [now under
Japanese control] is the leader in commercial production,
followed by Korea, Japan, and the Dutch East Indies [today’s
Indonesia]. The soybean is by far the most important legume
in the “Far East, where soybeans are used everywhere in the

daily diet of the natives to supplement rice.” Also mentioned
are soybean sauce, the flour, soybean milk, soybean sprouts
and soybean oil, “an important drying oil.” Soybean
production in the USA in 1935 was 43.63 million bu, of
which 50% were grown in Illinois; the total is double the
production of 1934.
An appendix, “Systematic list of species discussed”
includes under Leguminosae (p. 540): Glycine Soja (L.)
Sieb. & Zucc. Glycine Max (L.) Merr. Soja Max (L.) Piper–
Soybean.
Note: The author is a bit confused about the correct
scientific name (Latin binomial) of the soybean. Address:
Research Asst. in Economic Botany, Harvard Univ.
645. Hortus Botanicus Turcomanicus (Turkmen SSR). 1937.
Delectus seminum quae Hortus Botanicus Turcomanicus
pro mutua commutatione offert [List of seeds offered for
exchange by the Botanical Garden of the Turkmen SSR].
Ashkabad, Turkmen SSR. 32 p. 22 cm. [Lat; rus]
• Summary: Plants are listed by families in Latin. Under
Leguminosae is “793. Glycine Soja Sieb. et Zucc.” This
refers to the wild soybean.
A map on the cover shows the Turkmen SSR and its
capital Ashkhabad. It is bounded on the west by the Caspian
Sea, and on the south by Iran and Afghanistan.
Note: This is the earliest document seen (March 2021)
concerning soybeans (but only wild perennial relatives of
soybeans) in the Turkmen SSR; cultivated soybeans have not
yet been reported. Address: Ashkabad, Turkmen SSR.
646. Kale, F.S. 1937. Soya bean: Its value in dietetics,
cultivation and uses. With 300 recipes. 2nd ed. Baroda State,
India: Baroda State Press. xxx + 375 p. Illust. (35 leaves of
plates, described in a separate record). Index. 22 cm. 2nd ed.
1937. [66 ref]
• Summary: Contents: 1. Deficiencies in the Indian diet and
soya bean as a means to rectify them. 2. History of the origin
and growth of soya bean: Derivation of the word soya bean,
origin of soya bean, literature, primitive man and soya bean,
name of the plant, home of soya bean and its expansion,
varieties of soya bean, the culture of soya bean is very
remote (It “has been the chief article of diet in China for over
7,000 years.”), reference of soya bean in old Chinese records,
how and when soya bean became known to Europeans, soya
bean in England (from 1890; J.L. North and Henry Ford),
soya bean in France (from 1739), soya bean in Italy, soya
bean in other countries of Europe, soya bean in United States
of America, India and soya bean.
3. The use of soya bean: Importance of soya bean,
dietetic importance, industrial importance, agricultural
importance (Russia, Mussolini in Italy), medical importance,
soya bean is alkalising in its effect (“Soya bean milk as well
as its flour is used in foods for invalids and infants, like
Nestle’s food”), longevity and soya bean.
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4. World trade in soya bean: Imports to Europe,
production of soya bean in Manchuria (58% in North
Manchuria), exports from Manchuria, oil and cake industry
in Manchuria, soya bean production in Japan, in America,
in Africa, in Australia, in Europe, in Java, in India, in
other British possessions, estimate of world production
of the soya bean, the desirability of the expansion of soya
bean cultivation, imports and exports of soybeans, soya
bean oil, and soya cake–1913-1927: Denmark, Holland,
United States, Great Britain, Japan, France, Russia, China,
Germany, Norway, Korea. Source: International Institute of
Agriculture, Bureau of Statistics, 1921, p. 420-21. A table
(p. 38) shows statistics for world production of soybeans “as
estimated by the leading firm of London soya bean dealers”
for various years from 1923 to 1929. This includes individual
statistics each year for China [incl. Manchuria], Japan, and
USA. The world totals in tons are: 3,095,000 (for 1923-25).
3,397,000 (for 1926). 4,325,000 (for 1927). 6,000,000 (for
1928), and 6,570,000 (for 1929; incl. China 5,250,000; Japan
550,000; USA 250,000; Java & Dutch East Indies 120,000;
Other Asiatic countries & Africa 400,000).
5. Botany of the soya bean plant. 6. Classification of
soya bean. 7. Cultivation of soya bean. 8. Diseases and pests
of soya bean. 9. Cultivation of soya bean in India. 10. The
constituents of soya bean. 11. Soya bean milk. 12. Soya bean
flour. 13. Industrial uses of soya bean. 14. Enriching soil by
addition of nitrogen and use of soya bean as fodder. 15. Food
requirement of the human body. 16. European and American
soya bean recipes. 17. Diabetic dishes, Mahatma Gandhi’s
experiments at Magan Wadi and opinion of scientists on
soya bean. 18. Chinese and Japanese soya bean dishes:
Toffu [tofu] or soya bean curd: Digestibility, utilization,
toffu khan, toffu nao [doufu nao], tze toffu (fried bean curd),
chien chang toffu (thousand folds), hsiang khan, kori toffu
(frozen toffu), preservation of toffu. Natto. Tokio natto and
Kyoto natto etc. Hamanan natto [Hamanatto]. Yuba. Misso
[miso]. Soya sauce. Soya bean confectionery. Roasted beans
(Chinese).
19. Indian soya bean dishes: Hindustani dishes, Moglai
dishes, Gujarati dishes, Maharashtrian dishes, Bengali
dishes, Goa dishes, Tanjore dishes. Appendixes. 1. Acreage
of soya bean in Manchuria during the last 5 years. 2. Total
figures of export during last 5 years. 3. Bibliography. 4.
Some opinions about the first edition of this book.
The preface begins (p. iii): “This little book is written
in response to innumerable inquiries I have had from time
to time after the inauguration of the plantation ceremony of
Soya Beans at the State Agricultural Experimental Station by
H.H. the Maharaja Gaekwar of Baroda in November 1933.
“A few months after this a food exhibition was held in
Baroda where many Soya Bean dishes–Indian, European and
Chinese–were exhibited. The leading papers and journals all
over the country spoke in very glowing terms about the Soya
Bean dishes that were exhibited... Later on at the request of

Messrs. Mitsui Bussan Kaisha Ltd., a leading Japanese Firm
in Bombay, a Soya Bean Exhibition and Restaurant were
run in the Japanese village at the H.O.H. fete. So keen was
the interest and enthusiasm evinced by the cosmopolitan
public of Bombay that seats in the restaurant had to be
reserved in advance. The presence of H.E. the Governor and
Lady Brabourne and many Indian princes was an additional
evidence of the ever growing popularity of the tasty Soya
Bean dishes served there.
“At the closing of the H.O.H. fete many prominent
people of Bombay requested me to continue the restaurant
at a convenient place in the city, and asked me to open soyabean milk centres for the children of the poor who could not
afford to buy cow’s milk. Many were ready to finance any
scheme that I would propose, but unfortunately my time was
not my own as I had to attend to my duties in the State and
could not take advantage of their generous offer.
“The Departments of Agriculture of the various
provinces of India as well as many Indian States asked me to
supply them with literature regarding the cultivation and the
uses of this most useful bean. The Department of Commerce
and Industry of the Government of Bombay inquired if I
could furnish them with information about the machinery for
the extraction of Soya-bean milk. Letters of inquiries from
private individuals kept pouring in daily from all parts of
India. All this has induced me to undertake the preparation
and the publication of this book...
“From the number of experiments carried on in the
Baroda territories and outside it, I feel sure that the Indian
soil is most suitable for the cultivation of soya bean...
“The leading thought of the day in India is, ‘Village
uplift,’ and ‘Rural reconstruction.’
“Baroda, 7th January 1936, F.S.K. (p. iv)
“Preface to the Second Edition: I feel grateful to the
public for having given such a hearty reception to the first
edition of my book. It is running into a second edition within
a year...
“Now, Soya Bean Bakeries and Restaurants have been
started in the city of Bombay and in many other towns in
India, and Soya Bean products are exhibited in almost all the
exhibitions...
“I feel highly thankful to His Highness the Maharaja
of Baroda who gave me an opportunity last year of visiting
Russia, where I have seen that seven to ten per cent. of Soya
Bean flour was being added to the wheat flour in order to
enhance the nutritive value of the bread. The Soya Research
Institute at Moscow is making researches into the nutritive,
industrial and economical values of Soya Bean. I have seen
there the actual working of the Soya-bean milk extracting
plant. They make casein out of Soya-bean milk. Soya-bean
cream is sold in the market.
“I visited the dietetic clinics in England, France,
Germany, Austria and other European countries, where
doctors prescribe Soya Bean bread for diabetic patients.
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In Russia, rickets and consumption are treated by Soyolk
extracted out of Soya Bean...
“France is growing Soya Bean on côlt de jura [sic, Côte
d’Azur, on the Mediterranean?]. In England, through the
efforts of Mr. J.L. North, Soya Bean is realised as a field crop
for the last two years.
“Paris, 3rd April 1937. F.S.K. (p. ix).”
Note: author’s name is pronounced KAL-ay, not KAYL
(rhymes with tail or sail). (Continued). Address: Food Survey
Officer, Baroda State, India.
647. Kale, F.S. 1937. Soya bean: Its value in dietetics,
cultivation and uses. With 300 recipes. 2nd ed. Photos and
illustrations (Continued–Document part II). Baroda State,
India: Baroda State Press. xxx + 375 p. Illust. (35 leaves of
plates). 22 cm. 2nd ed. 1937. [66 ref]
• Summary: Photos (mostly original) show: (1) “H.H.
the Maharaja Gaekwar of Baroda the first Indian Ruler
to inaugurate the soya bean plantation ceremony in his
State 24th November 1933” (frontispiece, facing the title
page). (2) “Dedicated to my noble master, His Highness
the Maharajah Sir Sayajirao Gaekwar, G.C.S.I., G.C.I.E.,
Farzande-Khas-e- Daulate-Englishia (p. 1). (3) Soya bean
ready for shipment at port Dairen, South Manchuria (p. 28).
(4) View of Dairen harbour with bags of soya bean ready for
shipment (p. 30). (5) Transport of soya beans [on sleds] on
the frozen Liao-ho River near New-chwang [Newchwang,
later Yingkou], North Manchuria (p. 31). (6) The Maharaja
of Baroda seated in a chair, lecturing on the dietetic and
industrial importance of soya bean (p. 37). (7) The Indian
method of interculturing; two bullocks in a field (p. 80).
(8) Bavabhai B. Patel, 65-year-old farmer interested in the
cultivation of soya bean, in a field of soya beans with two
bullocks (p. 82). (9) A field of soya beans grown [in 1934
or 1935] by Hargovan Bavabhai Patel, of Achisara, Taluka
Sinor, Baroda District; he has been awarded the first prize
for his good cultivation (p. 84). (10) A soya bean plant
having more than 500 pods, fodder type variety grown at
the Agricultural Experiment Station, Baroda (p. 86). (11)
Poona fodder type green variety grown at the Agricultural
Experiment Station, Baroda (p. 89). (12) Bags of soya bean
seeds grown as Baroda State crop of 1935 (p. 91). (13) The
luxuriant growth of the fodder type variety at the Baroda
Agricultural Experiment Station (p. 103). (14) “The biggest
soya bean milk factory at Moscow (Russia).” Four small
photos show the plant at work, “Milking the earth” (p. 138).
(15) “The author’s own child 3 months’ old fed on soya bean
milk” (p. 144). (16) “Soya bean oil pressing mill worked by
hydraulic power” (p. 158). (17) The Palace Bakery–”The
first soya bean Bakery in India” (p. 196). (18) “Mahatma
Gandhi who uses soya bean at Maganwadi” (p. 251). (19)
Many people seated at tables in the “Soya Bean Preparation
Restaurant” at the H.O.H. Fete, Bombay (p. 278). (20) Many
Indian men standing at the “Soya Bean Restaurant at the

Rural Life Exhibition, Baroda, on the occasion of H.H.’s
Diamond Jubilee, 7 Jan. 1936 (p. 332).
Illustrations show: (1) “Shen-Nung. The Chinese
emperor 2838 B.C. called ‘the heavenly farmer.’ He used to
plant Soya bean every year with great ceremony” (p. 17). (2)
A plant with branches showing the various ways in which
the soya bean plants and seeds are used (p. 23). (3) Cartoon
(from the American Medical Assoc. cartoon series) of a
skeleton raising a glass of milk in one hand; he is standing
behind a table on which is a bowl labeled “impure milk.”
The caption: “’I drink to the death of the whole table’–the
dangers of contaminated milk” (p. 132). Address: Paris,
France; Formerly: Food Survey Officer, Baroda State, India.
648. Miyashiro, J.; Gorai, S.; Takahashi, Y. 1937. [On the
growth and chemical composition of soy bean induced by
photoperiodicity upon unfavorable weather]. Morioka Kono
Dosokai Gakujutsu Iho (Bulletin of the Scientific Researches
of the Alumni Association of the Morioka College of
Agriculture and Forestry) 13:17-30. [29 ref. Jap]
Address: Morioka, Japan.
649. Morse, W.J.; Cartter, J.L. 1937. Improvement in
soybeans: Methods in breeding (Document part). Yearbook
of Agriculture (USDA) p. 1154-89. For the year 1937. See p.
1164-68.
• Summary: “The soybean is normally a self-fertilized
plant, the flowers being perfect, producing both pollen
grains and ovules. The flowers are completely self-fertile, as
shown by experiments carried on by Piper and Morse (30)
at the Arlington Experiment Farm, Arlington, Virginia (near
Washington, D.C.), in 1909.”
Note 1. Flowers may be described as either perfect or
imperfect based on the presence of plant sexual reproductive
structures. A perfect flower is one in which both male and
female reproductive structures are present. Both androecium
(whorl of stamens) and gynoecium (whorl of carpels or
pistil) are located on the same flower.
Note 2. A flower has 7 parts:
1. Pistil. The pistil is considered the “female” part of a
flower because it produces seeds.
2. Petal. The petal is the colored part of the flower that
gives it a unique shape.
3. Stamen. The stamen is considered the “male” part of a
flower because it produces the pollen.
4. Leaf.
5. Stem.
6. Receptacle.
7. Sepal. Collectively the sepals are called the calyx
(plural calyces).
“After varieties are selected or developed the grower
faces the problem of maintaining them as pure strains.
Commercial varieties of soybeans are in general relatively
pure because the plant is self fertilized. However, in a field
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of a single variety one often finds more or less offtype plants.
Such mixtures may be brought about by careless methods of
planting and threshing, by natural crossing, and by mutation.
No natural crossing will result if mechanical mixtures are
avoided. Mutations rarely occur and therefore are not an
important factor. A variety can be kept relatively pure by
careful methods of planting and threshing and by roguing out
offtype plants.
“Natural and Artificial Crossing: Previous to 1907 it was
quite generally assumed that natural crossing in the soybean
did not occur. In that year oddly colored seeds were noted in
the variety rows and plots at the Arlington Experiment Farm,
and were selected by Piper and Morse (30). The progeny
of these seeds in 1908 showed segregation for various seed
and plant characters. In that year more than 100 single
plants of supposed hybrid origin were selected and most of
these broke up in the following year in simple Mendelian
proportions, indicating that they were natural hybrids. It is
often easy to detect hybrids by the peculiar coloration of the
seeds (fig. 7). Among the more striking colors are yellow
or green with narrow streaks or bands of black or brown
beginning usually at the hilum and extending over half or
more of the seed, or mainly centered about the hilum. Hybrid
plants are also often distinguished by the unusual form of the
pods near the tips of the branches. They are more swollen

and the seeds are more crowded than normal; the pods are
often thinner walled and much less pubescent, sometimes
being nearly smooth.
“Natural crossing in soybeans has been studied to some
extent by various investigators and it is quite generally
agreed that a limited amount does occur, but that it is much
less than 1 percent.
“Even this small amount of natural crossing undoubtedly
is responsible for many of the mixtures now occurring in
our standard varieties. The crossing is made possible by
the mechanical mixing of seed through careless methods
of planting and harvesting. After finishing with one variety,
the planters or harvesters are not thoroughly cleaned before
starting on another, so that the two varieties are mixed in the
same field. An excellent illustration of this is afforded by the
Mammoth Yellow variety now produced in eastern North
Carolina. For many years this was the only variety grown
in that section and it remained pure. As other varieties were
introduced, the Mammoth Yellow seed became more or less
mixed and it is now difficult to find fields without offtypes.
“Natural crossing in soybeans is undoubtedly brought
about by small insects. Thrips have been observed to be very
common in the soybean flowers at the Arlington Experiment
Farm. Bees and other insects have also been observed
working on soybean flowers. Studies by many investigators
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at various places indicate that soybean plants growing in
contact with one another are more likely to be crossed than
plants separated by a few feet.
“Because the flower is very small and easily injured,
the work of making artificial crosses with the soybean is a
difficult and tedious operation. Under field conditions at the
Arlington Experiment Farm, Piper and Morse (31) made
successful crosses in about 20 percent of the operations.
In the greenhouse, where it is difficult to secure normal
behavior in the soybean plant in winter, no success has
thus far attended efforts to produce hybrids. Under winter
conditions, the plants are small and bear few flowers, which
do not develop and open normally and which apparently
become fertilized in the very early bud stage. Woodworth
(63), in crossing studies, found that soybean crosses can
be made in the greenhouse as well as in the field provided
artificial light is used. Light from 500-watt bulbs was used
in the early stages of plant growth to induce good vegetative
development, and then the light was shut off to induce
flowering. The percentage of successful crosses is said to
compare favorably with that ordinarily obtained under field
conditions.
“Crossing the flowers in the afternoon from 3 to 7
o’clock has given the best results, and it also has been
found best to emasculate and pollinate a flower the same
afternoon. Experience has shown that emasculation is the
most difficult part of the operation and must be performed
before the soybean flower has fully opened. All of the flower
buds should be removed from the raceme except those to
be crossed, and in these the purple or white of the corolla
must have appeared above the calyx. At this stage, the 10
anthers surrounding the stigma (fig. 8) are immature and may
easily be removed without bursting the pollen sacs. After
emasculation, pollination, is a relatively simple process, the
pollen being applied to the stigma at once. In collecting the
pollen for crossing, it is advisable to select well-developed
flowers just before they open or fresh-looking flowers that
have just opened. After the pollen has been applied, the
raceme should be enclosed in a small paper or cloth bag,
or a leaf may be pinned around it to protect the parts from
excessive evaporation.”
Figure 8 (p. 1168): Soybean flower and parts enlarged:
A, Front view; B, side view; C, parts of the corolla (a,
standard; b, wing; c, one of the keel petals); D, stamens; E,
pistil. Address: 1. Senior Agronomist; 2. Assoc. Agronomist.
Both: Div. of Forage Crops and Diseases, Bureau of Plant
Industry [USDA, Washington, DC].
650. Fred, E.B.; Wilson, P.W.; Wyss, O. 1938. Light intensity
and the nitrogen hunger period in the Manchu soybean.
Proceedings of the National Academy of Sciences, USA
24(1):46-52. Jan. [3 ref]
• Summary: “Leguminous plants grown on a nitrogen-poor
substrate and dependent on the fixation of atmospheric

nitrogen for their supply of this element frequently exhibit
during this development a ‘period of nitrogen hunger.’ This
period occurs fairly early in the growth of the plant, when
the stores of nitrogen in the seed have been exhausted and
before the centers of fixation, the nodules, have developed
sufficiently to meet the ever-increasing demands of the plant
for nitrogen.” Address: Depts. of Agricultural Bacteriology
and Agricultural Chemistry, Univ. of Wisconsin.
651. Granick, Sam. 1938. Urease distribution in Soja max.
Plant Physiology 13(1):29-54. Jan. (Chem. Abst. 32:8473).
Based on his 1936 PhD thesis, Univ. of Michigan. [26 ref]
• Summary: The author used histological and quantitative
methods to determine the urease content of various parts
of the soybean plant: cotyledons of the germinating seed
(which had by far the highest urease content), radicle, root,
hypocotyl, stem, leaves, flower and fruit, and the whole
plant. “The activity of the enzyme is expressed in U.U., a
urease unit, which is the quantity of urease that will produce
1 mg. of ammonium per minute when acting upon urea
under the conditions employed in the analyses... The plants
grown in the greenhouse at Ann Arbor were three feet tall at
maturity and rarely branched.”
The “changes observed in urease content of the plant
are due primarily to the changes in urease content of the
parenchyma cells... There is rapid synthesis of urease in
actively dividing cells. Synthesis continues during the stage
of cell elongation, at the end of which period the urease
content of the cell reaches a maximum,” and then begins to
decrease to a certain level. Changes in lipase and protease
activities do not follow changes in urease activity. Address:
Dep. of Botany, Univ. of Michigan, Ann Arbor.
652. Brunel, A.; Echevin, R. 1938. La présence, l’origine
et le rôle physiologique des uréides glyoxyliques dans
les germinations de Soja hispida Mnch. [The presence,
origin, and physiological role of glyoxylic ureides in the
germination of Soja hispida]. Revue Generale de Botanique
50(590):73-93. Feb. (Chem. Abst. 33:4630). [20 ref. Fre]
653. Bond, George. 1938. Fixation and transfer of nitrogen
in soya bean: a reply to criticism. Zentralblatt fuer
Bakteriologie, Parasitenkunde und Infektionskrankheiten.
Series 2 98(1/4):32-36. March 10. [8 ref]
• Summary: “Summary: This article is a reply to a paper
by Wilson and Umbreit (8) in which, while confirming
the present writer’s observations (1, 2) on the transfer of
nitrogen from the root nodules of a legume (Soya bean) to
the remainder of the plant, they criticise his interpretation of
the data.” Address: Dep. of Botany, Univ. of Glasgow.
654. Teller, George L. 1938. Plant diastase in evidence as
to the formation and structure of starch granules. Plant
Physiology 13(2):227-40. April. [3 ref]
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• Summary: “Soy bean material was examined under
many conditions. In all stages the flour type of diastase
predominated in the cotyledons. The bran type was present
in the skin. This was most readily observed in the immature
beans. The bran type was also found in the pods and leaves.”
Note: Soy is mentioned only once in this article, at
the top of p. 229. Address: The Columbus Laboratories,
Chicago, Illinois.
655. Andrews, W.B.; Gieger, M. 1938. Effect of variety and
stand of soybeans on relative yield and percentage of total
nitrogen in tops and roots. J. of the American Society of
Agronomy 30(5):434-37. May. [4 ref]
• Summary: “1. The varieties of soybeans studied fall into
two groups with respect to their root systems, namely, group
1, containing Laredo and Mamredo, which has about 9%
of the total weight and about 8% of the total nitrogen in
the roots; and group 2, containing Otootan, Biloxi, Delsta,
Mammoth Yellow, and Tanloxi, which has about 16% of
the total weight and about 15% of the total nitrogen in the
roots.” Address: 1. Assoc. Agronomist, Dep. of Agronomy,
Mississippi Agric. Exp. Station, State College, Mississippi.
656. Crocker, William. 1938. Life-span of seeds. Botanical
Review (The) 4(5):235-74. May. [71* ref]
• Summary: Contents: Introduction. Storage conditions and
life spans of seeds: Seeds of short life span (if kept in open
air after harvest; yet wild rice seeds, for example, maintain
their vitality perfectly if stored in water at 0-1ºC), seeds of
water plants, seeds of land plants that endure considerable
drying (“The life-span of seeds is, of course, determined by
two factors, genetical constitution and seed storage... The
most important storage factors in determining life-span in
this group of seeds are: moisture content, oxygen supply,
temperature, and sealed storage.” Guillaumin (1928) found
that soy beans stored in air lost their viability completely in
6 years, while those stored in nitrogen gas or in a vacuum
retained their full vitality for the same period. Thus oxygen
reduces the life-span of soybeans). Records of life-span of
macrobiotic seeds (Four storage factors play important parts
in elongating the life-span of certain seeds: moisture content,
temperature, oxygen pressure, and sealed storage). Life-span
of seeds in soil: United States Department of Agriculture
buried seed project (started in 1902 when 32 sets of 107
species of wild and cultivated plants were buried at three
different depths; has gathered the most extensive, reliable
data to date). Life-span of seeds under water. Life-span of
coniferous seeds. Life-span of farm and garden seeds (of the
cereals, oats live the longest, followed by wheat and barley).
Summary.
Table II (p. 290) shows Becquerel’s 1934 record of
the longevity of old seeds–including Ervum lens (lentils).
In fact, 11 of the 13 seeds in the table are legumes. The
longevity he determined ranged from 158 years to 55 years.

The probable longevity ranged from 221 years to 100
years. “Becquerel suggested that if seeds could be held at
a very low temperature in perfect anaerobic [oxygen-free]
and anhydrous [water-free] condition, they might live for
enormous periods.
Based on their life-span under optimum conditions,
Ewart (1908) divided seeds into three basic types: (1)
microbiotic, whole life span does not exceed 3 years; (2)
mesobiotic, whose life span ranges from 3 to 15 years; and
(3) macrobiotic, whose life-duration ranges from 15 to more
than 100 years.
Note: This is an interesting and unusual use of the word
“macrobiotic.”
We do not yet have reliable information on the
optimum storage conditions for many kinds of seeds. And,
in fact, there is a great deal of contradictory, incorrect, and
misleading information on this important subject (p. 235).
From the USDA buried seed project, after 20 years
burial, some seeds of 51 of the 107 species were still alive.
From the legume family (Leguminosae): Lespedeza 48%,
Robina 31%, Trifolium (3 species) 15.5%, Cassia 2%.
Seeds of cultivated plants that were dead after 20 years
in the soil, and mostly dead even after 1 year in the soil,
are: oats, barley, rye, wheat, corn, hemp, buckwheat, pea,
cowpea, bean, sunflower, etc. Seeds that survive have a long
dormancy or dormant period in the spoil. The leguminous
seeds survive because of hard seed coats.
Goss (1924), who has discussed the results of USDA’s
buried seed test after 20 years, drawing the following
conclusions: “Depth of burial has little effect on the
longevity of the seeds. Seeds of cultivated plants, especially
of cereals and garden legumes, perish quickly in the soil,
while seeds of wild plants, especially of persistent weeds like
docks, lamb’s quarters, plantains, daisies, poke, purslane,
Jimson and ragweed, retain their vitality well. Persistent
weeds cannot be controlled by plowing the seeds under, for
the seeds outlive any crop rotation” (p. 256).
Legumes with hard seed have a long life-span, however
many seeds without hard coats have long life-span in the
soil. Respiration reduces stored starch. Some seeds have
longer life-span in the soil than in ordinary dry storage.
Note: The Boyce Thompson Institute for Plant Research
was founded by William Boyce Thompson, a wealthy
man, and named in honor of his parents. The laboratories
began operation in 1924 across the street from his country
estate Alder Manor, in Yonkers, New York. In 1978 it
moved into a large new building at Cornell University,
New York. Although affiliated with Cornell, the institute
maintains its independence with a separate endowment,
Board of Directors, business office, and employee benefits
program. Close ties between BTI and Cornell foster many
collaborative relationships that are beneficial to both
institutions. As of 2010 BTI is deeply involved with genetic
engineering and organizes conferences on the subject.
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Address: Director, Boyce Thompson Institute for Plant
Research, Inc. [Yonkers, New York].
657. Martin, Alan L.; Trelease, S.F. 1938. Absorption
of selenium by tobacco and soy beans in sand cultures.
American J. of Botany 25(5):380-85. May. [17 ref]
• Summary: “It has been shown by several authors that
certain crop plants vary greatly in their ability to withstand
high concentrations of selenium and in their tendency to
accumulate the element.”
“Tobacco was more severely injured than soy beans
by selenium (as sodium selenite) supplied by means of a
continuously renewed nutrient solution to plants growing in
sand cultures.” Address: Lab. of Plant Physiology, Columbia
Univ., New York City.
658. Borthwick, H.A.; Parker, M.W. 1938. Influence of
photoperiods upon the differentiation of meristems and
the blossoming of Biloxi soy beans. Botanical Gazette
99(4):825-39. June. [4 ref]
• Summary: “Photoperiodism, discovered by Garner
and Allard in 1920, has attracted the attention of many
investigators who have attempted to find a physiological
explanation of the results observed.”
In recent papers, Garner and Murneek have (separately)
given extensive reviews of the literature. Murneek and
Gomez (1936) and Murneek (1937) recognize that while
many data have been gathered describing the physiological
processes accompanying change of photoperiod, the causes
of the reaction are still unknown.
The authors conclude that flower primordia are initiated
in photoperiodically sensitive plants in response to a stimulus
received by the leaves and transmitted to the growing plant.
Address: 1. Morphologist; 2. Assoc. physiologist. Both: U.S.
Horticultural Station, Beltsville, Maryland.
659. Galligar, Gladys C. 1938. Correlation between growth
of excised root tips and types of food stored in the seed.
Plant Physiology 13(3):599-609. July. [9 ref]
• Summary: Studies with sunflowers, cotton, castor beans,
peas, corn, and soybeans.
“Summary: 1. There was some correlation between
growth behavior of excised root tips and the type of food
stored in seeds.
“2. All root tips from seeds or grains high in starch
reserves were able to grow well.
“3. The growth behavior of root tips from seeds selected
for oil and sugar varied widely.
“4. Root tips from seeds with high protein reserves were
least able to maintain growth.” Address: James Millikin
Univ., Decatur, Illinois.
660. Borthwick, H.A.; Parker, M.W. 1938. Effectiveness of
photoperiodic treatments of plants of different age. Botanical

Gazette 100(1):245-49. Sept. [3 ref]
• Summary: “In the present investigation the Biloxi soy
bean, which is very responsive photoperiodically, was used.
Critical morphological examinations were made of the fresh
material before and after short day treatments.”
“Other data, which will be published later, show
definitely that the response of the Biloxi soy bean to
photoperiodic treatment is mainly an expression of the
stimuli to which the leaves have been subjected.” Address:
1. Morphologist; 2. Physiologist. Both: U.S. Horticultural
Station, Beltsville, Maryland.
661. Briscoe, Charles F.; Andrews, W.B. 1938. Effect of
strains of nodule bacteria and lime on the response of
soybeans to artificial inoculation. J. of the American Society
of Agronomy 30(9):711-19. Sept. [14 ref]
• Summary: “The response of Mammoth Yellow and
Laredo soybeans to a good and to a poor strain of soybean
bacteria was determined in the field on limed and unlimed
soil. Sixteen strains of good soybean nodule bacteria and
two strains of cowpea root nodule bacteria were obtained
from different sections of the country and used to inoculate
Mammoth Yellow soybeans in the field on limed and
unlimed soil.” In the latter test, there were six replications of
each treatment. Conclusions:
1. There were large variations in the response of
Mammoth Yellow and Laredo soybeans to the different
strains of nodule bacteria.
2. Isolation of strains of nodule bacteria best suited to
the different soybean varieties is much more important than
trying to place soybeans in the cowpea cross inoculation
groups.
3. Strains of soybean root nodule bacteria isolated
locally seem to give better results than strains obtained from
areas with different climates.
4. There is considerable variation in the lime
requirement of different strains of soybean Rhizobia.
Therefore many different factors must be considered to
obtain optimum soybean yields.
Note: This is the earliest document seen (July 2018) that
contains the word “Rhizobia” (regardless of capitalization).
Address: 1. Bacteriologist; 2. Assoc. Agronomist. Both: Dep.
of Agronomy (Soils Div.), Mississippi Agric. Exp. Station,
State College, Mississippi.
662. Kishlar, Lamar. 1938. Soja max–The soybean. In:
Soybean Nutritional Research Council, ed. 1938. The
Composition and Nutritive Properties of Soybeans and
Soybean Oil Meal; A Literature Review. Chicago: SNRC. 62
p. See p. 7-9. Oct. [9 ref]
• Summary: “This is the success story of an immigrant plant
which came in to America and made good. This is the story
of Soja Max, the soybean, who waited 5,000 years for his big
chance, and, when opportunity knocked, made a lasting place
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for himself in American agriculture and commerce on the
basis of merit and merit alone.
“The soybean is a native of Asia. It is one of the oldest
crops grown. How long ago man started to cultivate the
soybean no one knows. Some say that soybeans have been
grown for 25,000 years (Breedlove, 4 June 1936, p. 12). The
first written record seems to be a Chinese book on Materia
Medica, Pen Ts’ao Kong Mu written by Emperor Shen-nung
about 4,800 years ago (Horvath, May 1931, p. 36).
“Even the name is cloaked with mystery. For the salted
soybeans [fermented black soybeans], the early Chinese
had a word pronounced ‘Shi.’ Another word, ‘Yu,’ was
given to the oil used as a condiment. Later the term ‘Shi-yu’
[fermented black soybean sauce] was applied to the plant and
to the raw beans” (Chicago J. of Commerce, 20 June 1936, p.
14).
“Linnaeus, the first botanist to make a scientific study
of the leguminous plants, applied the Greek word, glycine,
meaning sweet, to all the ground nut species of legumes.
Since the soybean had very large nodules on the roots, he
called it Glycine Max. Many years later Moench found
that the soybean was a distinct genus. He renamed it Soja
Hispida. More modern authorities have shown a preference
for Soja Max, the name which has become generally
accepted.
“The soybean was a long time in coming to America. In
1804 a Yankee Clipper ship, searching the Chinese ports for
a return cargo, loaded several bags of soybeans as reserve
food supply and brought the first importation to America”
(Burlison 1936).
“More than one hundred years passed. A few soybeans
were raised mostly as botanical curiosities. In 1907, Dr.
C.R. Ball of the United States Department of Agriculture,
described twenty-three varieties of soybeans, all that were
then known in the United States (6). These included fifteen
introductions by the United States Department of Agriculture
between 1900 and 1905. The remaining eight were brought
by individuals from the Orient, several by the way of Europe.
“By 1913, the list had grown to 427. By 1925, 1,133
varieties were described. In all more than 7,000 samples of
seed have been collected from Japan, Chosen, Manchuria,
China, Formosa, Java, Sumatra, and India (3). Of these, there
are more than 2,000 distinct types, which have maturities
ranging from 75 to more than 200 days. These types and
varieties have been grown in various places, the less
promising varieties being discarded, until, at present, more
than 100 named varieties are widely grown, or are being
increased for greater distribution in the United States (7).
“The soybean is a summer leguminous annual (1). The
pods are from 1 to 2½ inches long and contain from 2 to 4
seeds. The root tubercles, which permit this plant to build up
the fertility of the soil, are large and abundant. The stems,
usually strong and woody, grow from 2 to more than 6 feet in
height. The flowers are small, sweet-pea shaped, and white

or purple in color. The seeds which grow in the pods may,
when mature, be yellow, green, brown; or black in color.
Some seeds are round; some are oval; while some are flat
like a lima bean.
“Some varieties of soybeans are useful only as an oil
seed or for feed. They are so hard that several hours’ boiling
fails to properly soften them. However, some of the newer
varieties are useful for food and, when cooked, are delicious
eaten as a vegetable. The University of Illinois has tested
467 varieties of vegetable or edible soybeans and has given
six, a very good, and seventy, a good rating (8). The soybean
was probably first utilized for the production of oil and meal
in the United States about 1910 by an oil mill on the Pacific
Coast. The beans were imported from Manchuria.
“During the World War, the general shortage of fats and
oils made it necessary to import very substantial quantities
of Manchurian soybean oil. This oil was frequently of very
poor quality because of the crude equipment on which it was
made. Often it was shipped from the Orient in five gallon
kerosene cans which had been improperly cleaned, and the
contaminated oil was ruined for edible purposes. In 1918
import figures show that 336,000,000 pounds of soybean oil
were imported from the Orient (9).
“The production of soybean oil from domestic seed
was started, in a small way, in North Carolina in 1916. The
first oil was produced in a cotton oil mill in the off season,
using cotton oil presses. In 1920, soybean oil was produced
in Chicago Heights, Illinois, using an expeller. In 1922, oil
was made by the A.E. Staley Manufacturing Company of
Decatur, Illinois. At first, only one expeller was used, but
two more were installed shortly afterward, and about 90,000
bushels of beans were crushed that year (9).
“From this modest beginning, the soybean processing
industry has grown until soybean production in the United
States reached a peak for the crop year 1935-36 when
some 44,378,000 bushels were harvested. Over half of this
production was processed, yielding a total of approximately
600,000 tons of soybean oil meal. The year 1938-39 is
expected to exceed the record of 1935-36. When one realizes
that the industry produced only 21,000 tons of soybean oil
meal for the crop year 1928-29, it is obvious that a product
must have merit to increase in volume 30 times during years
when all feedstuffs were cheap and plentiful.
“Thus, the Asiatic visitor was quick to catch on to
American ways, to thrive on American soil, in American
climate. He grows nearly everywhere that corn or cotton can
be grown. When history is finally written, the story of Soja
Max will be the greatest success story of the great World
Depression.” Address: USA.
663. Tsuda, Shusei. 1938. [The effects of day-light upon
soybeans. I. The effects of day-length upon soybeans].
Noji Shikenjo Kenkyu Jiho (Minami Manshu Tetsudo K.K.)
(Research Bulletin of the Agricultural Experiment Station,
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Kung-chu-ling, Manchoukuo) 26:1-16. Oct. [8 ref. Jap]
• Summary: Chemical composition of soybeans, rape, barley
and Sudan grass in relation to lime and silicate fertilization.
Address: South Manchuria.
664. Borthwick, H.A.; Parker, M.W. 1938. Photoperiodic
perception in Biloxi soybeans. Botanical Gazette 100(2):37487. Dec. [10 ref]
• Summary: In recent years, several investigators (Borthwick
& Parker 1938; Knott 1934; Moskov 1937) have concluded
that flower primordia are initiated in photoperiodically
sensitive plants in response to a stimulus received by the
leaves and transmitted to the growing plant.
Summary:
“1. When whole plants of Biloxi soy beans are subjected
to 8 hour photoperiods, initiation occurs if the intensity
of light during the photoperiod is above 100 foot candles.
Below 100 foot candles no flower primordia are initiated.
“2. When plants are given an 8 hour photoperiod of
natural light supplemented by 8 hours of Mazda light,
initiation occurs if the intensity of the supplemental light is
below 0.5 foot candle, but does not occur if the intensity is
above 0.5 foot candle.
“3. The stimulus that causes initiation of flower
primordia at the growing points arises in the leaves and
moves to the growing plants.
“4. Flower primordia may be initiated at growing points
that are kept, either in complete darkness or on photoperiods
above the critical, provided the leaves are kept on short
photoperiods.
“5. Photoperiods shorter than the critical, applied
directly to growing points, have no effect on flower bud
initiation. Control of initiation is exercised only through
application of photoperiods of proper length to the leaves.
“6. Whether the responses secured in these experiments
are due to a flower forming hormone or to other causes
remains to be determined.” Address: 1. Morphologist; 2.
Associate Physiologist; Both: U.S. Horticultural Station,
Beltsville, Maryland.
665. Eyster, H.C. 1938. Fat metabolism in the [germinated]
soybean seed (Abstract). American J. of Botany
25(Suppl.):12s. Dec.
• Summary: “Soybean seeds germinated at room temperature
show an increase of ether extract in percentage of dry
weight during the first two days. After the second day and
sometimes earlier there is a gradual decrease in the ether
extract followed by a more rapid decrease during the later
stages of germination.”
“There is no apparent change in the iodine number of
the soybean oil during seed germination and during the early
growth of the seedling. A slight increase in the saponification
number of the oil of the germinating seeds occurs. There is
no change in the quantity or quality of oil as seed becomes

older.” Address: Univ. of South Dakota, Vermillion. S.D.
666. Hamner, K.C.; Bonner, J. 1938. Photoperiodism in
relation to hormones as factors in floral initiation and
development. Botanical Gazette 100(2):388-431. Dec. [18
ref]
• Summary: “1. I. Introduction: In 1925, Garner and Allard
(7) showed that, for some plants, the response to photoperiod
is localized; that is, the separate portions of the plant directly
subjected to the various photoperiods responded individually
rather than there being a general, systemic response of the
entire plant. Knott (10) demonstrated in 1934 that the initial
effect of photoperiod is received by the leaves in spinach, a
long day plant. Subsequently, workers in Russia, Cajlachjan
(2), Moskov (6), Lubimenko (13), and others, extended the
work of Knott to other plants and confirmed his view that the
leaves are the organs which receive the initial photoperiodic
stimulus. Extensive studies of the movement of the effect
within the plant and across graft unions have also been made.
This work has recently been summarized by Cajlachjan (5).”
Address: Hull Botanical Lab., Univ. of Chicago, Chicago,
Illinois.
667. Loehwing, W.F. 1938. Foliar influences upon
photoperiodic response. Chronica Botanica 4(6):497-98.
Dec.
• Summary: Tests with soybeans. “In order to overcome
the difficulties of studying photoperiodic induction by
reciprocal grafting, a technique of training tops of plants in
a criss-cross manner through a slit from opposite sides of a
vertical opaque pane was employed. A fourteen hour day was
employed on one side and light hours on the other. Plants
were divided into three groups:
“Both the flowering stimulus of short-day and its
inhibition in long-day exhibited a direct quantitative
relationship to the amount of foliage. The largest number
of flowers on defoliated parts appeared on those plants with
the greatest number of leaves under short-day illumination.
Contrariwise, impedance of transfer varied directly with the
number and size achieved by leaves before their removal
from defoliated parts.”
A table shows: “Responses of Tops and Bases of
Single Plants of Ito San Soybean, a Short Day Variety, to
Contrasting Photoperiods.” Address: State University [Univ.
of Iowa], Iowa City, Iowa.
668. Riede, W. 1938. The German soybean problem.
Translated from the German by G.M. Roseveare. Herbage
Reviews 6(4):245-58. Dec. [17 ref. Eng]
• Summary: Contents: Manchuria, the home of the
cultivated soybean. Monsoon climate, the original soybean
climate. Differences between the climates of Germany and
Manchuria. Fifteen years of breeding produces German
varieties. Long term experiments elucidate cultural technique
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(rotation, soil, manuring, inoculation, sowing, cultivation,
harvesting). Experiments and observations indicate the
soybean regions (warmth is the most important factor).
Vernalization, planting out, and intercropping. Harvesting,
utilization, yield, prospects.
“Although many desiderata are still wanting, it must
be emphasized that the four bred strains certified in 1937,
namely Dieckmann’s Black No. 11, Dieckmann’s Greenyellow No. 18, Delitzsch Black and Giessen Black, are
entirely suitable for present needs. They are all mediumearly, that is to say, fully ripe in September or October in
accordance with region, situation, weather and cultural
technique. The victor in many years’ trials, Dieckmann’s
Black Soybean No, 11, is large-grained; all the others are
medium large-grained” (p. 249).
“Warmth is the most important factor in the growing
of soybeans [in Germany], for which reason the 19ºC. July
isotherm (Mainz-Main frontier–Silesian plain) and the 18ºC.
July isotherm (Bonn–Berlin–Lyck) are indicated.
“Especially good soybean regions are those in which
the 20ºC. period–that is to say, the period between the first
and last occurrence of a mean temperature of 20ºC.–lasts
for 100 days (Mannheim–Ludwigshafen), 90 days (Leeheim
-Oppenheim–Worms–Frankenthal–Speyer) or 80 days
(Freiburg, Hanau–Aschaffenburg–Frankfurt–Wiesbaden–
Bingen–Darmstadt–Dürkheim–Germerscheim–Landau–
Karlsruhe–Lauterburg–Friedrichshafen)...” (p. 251).
Vernalization, in general, means: Subjection of seeds
or seedlings to low temperature in order to hasten plant
development and flowering. But with the soybean there is
an additional meaning: “The soybean is one of the shortday plants which respond with hastened development to a
reduction in day length. The short-day manner of reaction
is present to a more or less marked degree in nearly all
varieties” (p. 253).
In Germany the soybean should be grown as a grain
crop, with the beans intended for human consumption.
“Grain yield varies from 12 to 26 dz. per hectare, on an
average a harvest of 16 dz per hectare may be anticipated.
To grow the soybean as a forage plant in Germany is nonadmissible until more productive and rapidly growing
varieties have been produced by breeding... It may be
mentioned in passing that soybean straw and soybean
chaff represent a good fodder” (p. 255). Note: One dz
(doppelzentner) = 100 kg.
Tables show: (1) Differences in the temperature and
precipitation of localities in Manchuria and Germany. (2)
Comparison of the total warmth of localities in Manchuria
and Germany. (3) Comparison of 1934 (a good soybean
year) and 1936 (a bad soybean year) at Bonn. (3a) Härle’s
phenological tables (Haerle’s) for various locations in
Germany. (4) Chemical composition of full flour [whole soy
flour, full-fat soy flour], extract meal, and straw. Address:
Bonn, Germany.

669. Hamner, K.C. 1938. Correlative effects of
environmental factors on photoperiodism. Botanical Gazette
99:615-29. *
670. Senn, H. 1938. Chromosome number relationships in
Leguminosae. Bibliographia Genetica (Netherlands) 12:175336. *
• Summary: At the time of this classical, pioneering study,
436 species in 74 genera were known cytologically. Found
the chromosome number of G. hispida Nax. to be 40.
671. Arber, Agnes Robertson. 1938. Herbals, their origin and
evolution: A chapter in the history of Botany, 1470-1670.
2nd. ed., rewritten and enlarged. Cambridge, England: The
University Press. xxiv + 325 p. Illust. 24 cm. First ed., 1912.
*
• Summary: This is a chronological list of the principal
herbals and related botanical works published between 1470
and 1670. Agnes R. Arber lived 1879-1960.
672. Balzli, Hans. 1938. Kleine Soja-Fibel: Geschichte,
Anbau und Verwertung einer einzigartigen Nutzpflanze [A
little soybean primer: History, culture, and utilization of a
unique crop]. Zurich and Leipzig: Albert Mueller Verlag. 88
p. Index. 16 cm. [26 ref. Ger]
• Summary: Contents: Foreword. Economic questions.
Botanical. Historical. Chemical composition of the soybean
seed. Utilization in East Asia: Koji, miso, shoyu, soymilk,
yuba, tofu (Sojakäse, like Quark), soy oil and press-cake.
Utilization in Europe and America: As fertilizer and feed,
as food (soy flour, roasted soybeans, soy coffee, green
vegetable soybeans {den jungen Sojakern... wie junge gruene
Erbse}, soy sprouts), and industrial products (incl. “soybean
steel,” an invention of Henry Ford). Medicinal significance.
Cultivation and yield. Epilogue. Bibliography. Authorsubject index.
In the chapter on History (p. 24), the author notes: “The
poet Johann Heinrich Voss (lived 1751-1826) once said:
‘Young Calcuttans... with your sharp soy sauce from Jakarta
(Junge Kalkuten... mit scharfer batavischer Soja).’ Then he
adds to that the observation: ‘Soy sauce (Soja) is a powerful
sauce, which is prepared from soybeans (Sojafasele),
Dolichos Soja, which originate in the East Indies and are
subject to fermentation, together with brine (Salzlake) and
spice.’”
Balzli continues on page 25: “By the naturalist Lorenz
Oken [Okenfuss] (1779-1851) we find the soybean (die Soja)
designated as Sojubohne [sic, Soju-Bohne].
“The Deutsche Woerterbuch der Naturgeschichte
(German Dictionary of Natural History) contained in the
Allgemeinen Polyglotten-Lexikon der Naturgeschichte
(General Multilingual Encyclopedia of Natural History)
by Philipp Andreas Nemnich (1793) contains the entry:
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‘Sojablume. Dolichos soja.’ (Soya flower. Dolichos soja).”
“In the world-famous work Geist der Kochkunst (Spirit
of the Culinary Art), the art historian C.F. von Rumohr (lived
1785-1843) also mentions soya in the second edition (1832,
p. 155) and conjectures that the Garum sauce of the Romans
was an imitation of the East Indian sauce (Sulze) made from
soybeans (Soja).”
Page 26: Many cultural trials were conducted from
1840 on, in southern Russia (the Ukraine), northern Italy,
Austria-Hungary (especially South Tyrol {later in northeast
Italy} and Istria {mostly in today’s western Croatia}),
France (Haute-Garonne, Bouches-du-Rhône) and Germany
(Hohenheim {near Stuttgart in southwestern Germany}).
Note: Balzli gives no citation for his statement (p. 26)
that begins: “Many cultural trials were conducted from 1840
on, in southern Russia (Ukraine), northern Italy,...” We have
searched and searched unsuccessfully for the source of this
extremely interesting information.
Two paragraphs (p. 27) are then devoted to the work
Prof. Friedrich Haberlandt with soybeans from 1873.
Page 29: “During the Franco-Prussian war of 1870-1871
(des siebziger Krieges, in which coalition of German states
les by Prussia defeated Napoleon III of France) the German
head artillery man, O. Wehrman, saw in the botanical garden
of Montigny-les-Metz a plant that was unknown to him. It
was the soybean. He took 4-5 seeds with him and planted
them in early 1872 on his property / estate near Meissen
(in Sachsen/Saxony, near Dresden in today’s Germany).
He harvested 80 to 100 seeds, with which he continued
his investigations successfully for some years” [Note:
Haberlandt (1878, p. 5) tells this same story].
Also on page 29 is a brief discussion of the life and
work of the French farmer (Landwirt) Léon Rouest (18721938).
Pages 30-31: In the harsh climate of Polish Lithuania,
Professor Jan Muszynski, director of the Department of
Pharmacy of the University of Vilnius (Pharmazeutische
Abteilung der Universität Wilna), is a learned and very
successful trailblazer in the cultivation of the soybean
(Sojakultur). He is convinced that the advance of the soybean
(Soja) will give rise to just as large of a radical economic
change as the discovery of America did 400 years ago. This
is because the soybean combines just in itself the value of
numerous plants and provides the most economical protein
nutrition. He makes reference again and again to the fact
that for the production of animal protein, large areas of land
are required. This indication ought to make an impression
on any opponent of soybean cultivation. Populous countries
can have enough protein without costly livestock raising and
without meat imports. The soybean provides it on a small
space.
The Soviet Union likewise has soybean cultivations
available, and that is thanks in part to the aforementioned
Frenchman L. Rouest. In the former Russia, Professor J.

Muszynski had already carried out plantings, and specifically
in the Caucasus.
In the Netherlands, cultivation has likewise begun with
the soybean. A great deal of experience has been gathered
by Dr. L. Koch, who was in charge of earlier soybean
cultivations on Java.
Note: Pages 30-31 translated by Philip Isenberg (MM,
CT), Long Beach, California.
Pages 43-48: Utilization in East Asia. Mentions koji
(which provides the enzymes for sake and soy products
(Sojagerichten), such as miso. Soy seasonings (Sojawürzen)
are quite wonderful. They are made via fermentation and
include soy sauce (Sojasauce), shoyu and Tao Tjung (Shoju,
Shoza, Shimosa. Tao Tjung). Soymilk (Sojamilch) is an
emulsion. From it is made soy cheese (Sojakäse) [tofu].
Soymilk comes in fresh, sour, powdered, and condensed
forms. A film [yuba] forms on the surface of soymilk,
and is a delicacy. There are several types of soy cheese
[tofu]; Quark, Topfen, Bibelkäse, and Eiskäse [dried frozen
tofu]. Soy oil (Sojaöl) is also widely used; it serves as an
illuminant (in lamps), a lubricant, an ingredient in soaps,
and for waterproofing paper and lanterns. Soy oil presscake
(Sojaölpresskuchen) is used for fertilizing fields of rice,
sugarcane, etc. It contains 50% high quality protein and
6-7% fat. Soy is also fed to animals as a green fodder, as hay
and as straw.
Pages 56-63: Food: These are known as soyfoods
Sojaspeisen) and include soynuts (Sojakern, Sojakerne),
pasta (noodles, spaghetti, macaroni), cocoa and chocolate,
soy coffee (Bohnenkaffee, Sojakaffee), green vegetable
soybeans (jungen Sojakern etwa wie junge grüne Erbse)
from which one can make bread spreads, soy sprouts
(Sojakeime) which go well in salads.
Page 57: The author uses the term “Sojaspeisen” to refer
to soyfoods.
Note: On the title page the author is clearly given as “Dr.
Hans Balzli,” however in the May/June 1942 issue of Revue
Internationale du Soya Dr. Jean Balzli states (p. 161-69) that
he wrote this book and apologizes that no French-language
translation is available. Address: Dr., Switzerland.
673. Merrill, Elmer D.; Walker, Egbert H. 1938. A
bibliography of eastern Asiatic botany. Jamaica Plain,
Massachusetts: The Arnold Arboretum of Harvard
University. 719 p. See p. 608, 679. References through 1936.
See also Supplement by Walker (1960), with references
through 1958. [9 soy ref]
• Summary: A superb bibliography. The title page states:
“Sponsored by the Smithsonian Institution, Arnold
Arboretum of Harvard University, New York Botanical
Garden, and Harvard-Yenching Institute.” All serial
abbreviations are written out in full on the first 20 pages.
This book won the Oberly Award for Bibliography in
Agricultural Sciences in 1941. A long and interesting
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appendix titled “Older Oriental Works” (p. 551-51), includes
Chinese works (p. 551-59) and Japanese works (p. 55961). Address: 1. Arnold Arboretum of Harvard Univ.; 2.
Smithsonian Institution, Washington DC.
674. Miller, Edwin Cyrus. 1938. Plant physiology: with
reference to the green plant. 2nd ed. New York, NY:
McGraw-Hill Book Co. xxxi + 1201 p. Illust. Author index.
Subject index. 24 cm. Series: McGraw-Hill publications in
the botanical sciences. [40 soy ref]
• Summary: Soybeans are mentioned throughout this
book, as shown in the subject index. An unnumbered list
of references appears at the end of each chapter and a huge
combined bibliography at the end of the book (p. 10951132).
Contents: 1. The plant cell. 2. Solutions and membranes
in relation to the plant cell. 3. The roots of plants. 4. The
intake of water by plants. 5. The intake of solutes by the
plant. 6. The elements absorbed by the plant. 7. The loss of
water from plants. 8. The formation of carbohydrates by the
green plant, 9. The nitrogen metabolism of the green plant.
10. The fat metabolism of the green plant. 11. The process
of digestion in the green plant. 12. The translocation of
materials in plants. 13. The process of respiration in plants.
14. The process of growth in plants. Bibliography.
For soybeans, see pages 48, 132, 163, 247, 263, 266,
288-89, 300-02, 308, 318, 327-331, 340, 347, 350, 367-68,
422-23, 443, 475-76, 478-79, 610, 667, 672, 676, 681-82,
732, 740, 743, 749, 762, 912, 1065, 1079, 1080.
In the index, the long entry for “Soybeans” reads:
“Soybeans, absorption of elements, 289
“acidity, 48
“amino acids, 912
“ash content, 289
“boron, location, 340
“calcium-magnesium ratio, 308
“copper content, 300
“iron content, 300, 331, 347
“length of day, 1080
“light rays affecting, 1073
“low temperature, effect, 1065
“manganese content, 300, 347
“nitrate content, 642
“nitrate reducing substances, 676
“nitrogen content, 642
“ in leaves, 642, 681, 682
“oil formation, 749
“oils of, 732, 740
“phospholipides, 743
“phosphorus content, 302
“photosynthesis rate, 610
“potassium, amount needed, 318
“proteins, 667
“relation to light, 1080

“response of, to aluminum, 358
“ to barium, 367
“ to fluoride, 368
“ to iron, 330, 331
“ to phosphorus, 303
“ to potassium, 288
“ to pyrrole-carbonic acid, 329
“ to strontium, 367
“ to sulphur, 327
“ to thallium, 368
“root oxidation, 163
“roots, response to aeration, 132
“soil vs. plant, 672
“solvent action, 161
“stomata of, 422, 423
“temperature of leaves, 475, 476, 478, 479
“translocation of proteins, 912
“transpiration, relative, 416
“water content and hay, 443
“water culture, 247, 266
“ acidity of, 262
“zinc content 300.” Address: Prof. of Plant Physiology,
Kansas State College of Agriculture and Applied Science,...
Kansas Agric. Exp. Station.
675. Silva Cortes, Cesar. comp. 1938. El poroto soya [The
soybean]. Santiago, Chile: Ediciones Ercilla. 87 p. Illust.
Index. 19 cm (Colleccion Manuales Ercilla). [Spa]
• Summary: Contents: Introduction: General outline off
its importance and use, composition of various legumes,
general characteristics of the meal (harina), oil, lecithin,
cake and other derivatives of the soybean (poroto soya). Part
I: Cultivation of the soybean. 1. Botanical characteristics of
the plant: Leaf, flowers, pods, seeds, roots and nodules. 2.
Varieties and desired characteristics: Various varieties, those
most suited to Chile, characteristics of other varieties. 3.
Cultivation of soybeans: Climate, the soil and its preparation,
fertilizers, inoculation of the seeds, planting, cultivation,
harvest, diseases, enemies, and their cures.
Part II: Utilization of the soybean. 1. Generalities:
Applications of the plant and its seeds. Summary of the uses.
2. Soy oil and its derivatives: Extraction of the oil, edible
oil, industrial uses of the oil, soya phosphatides and lecithin
(Fosfáticos y lecitina de soya), soybean cake, commercial
enzymes. 3. Soybeans in human nutrition: Green vegetable
soybeans (porotos verdes) and whole dry soybeans, soy
sprouts (vástagos de soya), soy flour (harina de soya),
nutritive and caloric value, types of flour, bread with soy
flour, doughs (pastas) and biscuits, sausages with soy flour,
soymilk (leche vegetal de soya), soybean curd (cuajada de
soya [tofu]). 4. Soya for livestock: Soybean straw, soybean
pasture (pasto), soya for silage, soybean hay, soybean hay
for animals to be slaughtered, soy meal (harina de soya) for
various animals.
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A table (p. 19-20) lists soybean varieties suited for
different uses: For hay: Barchet, Chiquita, Goshen Prolific,
Laredo, Old Dominion, Otootan, Virginia. For green forage:
Dixie, Easycook, Hahto, Hollybrook, Mammoth Brown,
Mammoth Yellow, Southern Prolific, Tarheel Black, Tokio.
For silage: Biloxi, Mammoth Brown, Mammoth Yellow,
Tarheel Black, Tokio. For beans (oil, cakes, flour, etc.):
Biloxi, Chiquita, Dixie, Hollybrook, Mammoth Yellow,
Southern Prolific, Tokio, Ito San, Dunfield, Illini, Manchu.
Varieties most suited to Chile (p. 20): About 27 varieties
have been tested at various locations in Chile. Those which
gave the best results were Ito San, Dunfield, Illini, and
Manchu. Ito San gave good results from Aconcagua to BíoBío. It performed especially well at Maule, Ñuble, and BíoBío. Dunfield and Illini gave very good results in Curicó and
Talca. Manchu, which matures a little later than Ito San and
Dunfield, is very appropriate for the Central Zone.
Note 1. This is the earliest document seen (July 1998;
one of two documents) that uses the word “poroto” or
“porotos” in connection with soybeans.
Note 2. This is the earliest Spanish-language document
seen (June 2009) that uses the term porotos verdes to refer to
green vegetable soybeans.
Note 3. This is the earliest Spanish-language document
seen that uses the word “lecitina” to refer to lecithin, or the
term Fosfáticos y lecitina de soya to refer to phosphatides
and soy lecithin.
676. Toth, S.J. 1939. The stimulating effects of silicates on
plant yields in relation to anion displacement. Soil Science
47(2):123-41. Feb. [22 ref]
• Summary: Chemical composition of soybeans, rape, barley
and Sudan grass in relation to lime and silicate fertilization.
Address: New Jersey Agric. Exp. Station.
677. Parker, M.W.; Borthwick, H.A. 1939. Effect of
photoperiod on development and metabolism of the Biloxi
soy bean. Botanical Gazette 100(3):651-89. March. [14 ref]
• Summary: “1. Biloxi soy bean plants with flower primordia
initiated upon them were transferred to photoperiods of 8,
10, 12, 13, 14, 15, 16, and 18 hours. The development of
these primordia and the flowering and fruiting responses of
the plants were determined.
“2. The plants transferred to photoperiods of 8 to 13
hours bloomed nearly simultaneously and all produced fruits.
The yield of fruits on the 8 hour lot was somewhat less than
on the 10, 12, and 13 hour lots.
“3. Flowering on the 14 and 15 hour plants was later
than on those of shorter photoperiod, the flowers were less
numerous, and no fruits were formed.
“4. No flowers opened on the 16 and 18 hour plants
during the experiment...” Address: 1. Assoc. Physiologist; 2.
Morphologist. Both: U.S. Horticultural Station, Beltsville,
Maryland.

678. Obsil, K. 1939. Zur Frage der Blühhormone [On the
question of floral hormones]. Planta (Berlin) 29(3):468-76.
May. [16 ref. Ger]
• Summary: Translation of summary at end: From the
mostly negative results of the experiments closely bound
to their cut surfaces, but non-decaying plants it follows that
the blooming hormones are difficult to transfer. They are
extractable from the plants, soluble in water and can only be
obtained to a limited extent in lanolin pastes which promote
the development of flowers as opposed to heteroauxin or
yeast extract.
The author claims to have obtained florigenic activity in
an aqueous soybean extract.
Note: Galston (1943) attempted to repeat this
experiment, but with negative results. Address: Botanical
Inst., Agricultural College, Bruenn, Germany (Aus dem
Botanischen Institut der Landwirtschaftlichen Hochschule
Brünn).
679. Hill, Albert F. 1939. The correct names of certain
economic plants. Botanical Museum Leaflets, Harvard
University 7(6):89-111. June 19. See p. 107.
• Summary: Contends that the correct scientific name of the
soy bean (also known as the “China Bean, Japan Pea, White
Gram”) is “Glycine Soja (Linn.) Siebold & Zuccarini in Abh.
Akad. Muench. 4, Abt. 2 (1845) 119 (Fl. Jap. Fam. Nat. 1
(1845) 11).”
“The specific epithet Max [advocated by Merrill in
1917] cannot be maintained as it has only page priority
which is not recognized under the rules. Holland [12, 193]
gives the correct name in synonymy.”
“The acceptance of the International Rules of Botanical
Nomenclature, as revised at Cambridge [Massachusetts] in
1930 and Amsterdam in 1935, by botanists in all parts of the
world was welcomed as a forward step towards the eventual
standardization of all plant names.”
680. Albrecht, W.A.; Graham, E.R.; Ferguson, C.E. 1939.
Plant growth and the breakdown of inorganic soil colloids.
Soil Science 47(6):455-58. June. [2 ref]
• Summary: An experiment with soybeans planted in
electrodialized colloidal clay. “Complete analyses of the
soybean seed and colloidal clay at the outset and of the
crops at the close of the experiment, provide a balance
sheet of the movement by both the exchangeable and the
nonexchangeable actions in the colloidal clay. This study
suggests that a clay electrodialyzed free of its cations, then
saturated with only barium, magnesium, and calcium to a
pH of 6.9 or 7.0 and planted to soybeans, is broken down by
the plant growth with release of the silicon, aluminum, and
iron to the extent of 2 or 3 per cent of the total in the clay.”
Address: Missouri Agric. Exp. Station, Columbia, Missouri.
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681. Albrecht, Wm. A. 1939. Some soil factors in nitrogen
fixation by legumes. Transactions of the Third Commission
of the International Society of Soil Science A:71-84. Volume
A. Held Aug. 30 to Sept. 1. [6 ref]
• Summary: Soybeans were studied to determine the role
in nitrogen fixation of calcium, potassium, and magnesium
in clay soils. A long and very interesting summary is given.
Address: Missouri Agric. Exp. Station, Columbia, Missouri.

684. Bond, George. 1939. Utilization of carbohydrates in
leguminous symbiosis. Nature (London) 144(3656):906-07.
Nov. 25. [1 ref]
• Summary: Bacteria on the nodules of soybean plants
consume carbohydrates for their respiration. With nodulated
plants, the rate of carbon dioxide given off is approximately
2.5 cubic centimeters per hour per gram dry weight. Address:
Botany Dep., Univ. of Glasgow [Scotland].

682. Parker, M.W.; Borthwick, H.A. 1939. Effect of variation
in temperature during photoperiodic induction upon initiation
of flower primordia in Biloxi soy bean. Botanical Gazette
101(1):145-67. Sept. [13 ref]
• Summary: “Introduction: Photoperiodic induction in
Biloxi and other varieties of soybean is influenced greatly
by factors other than photoperiod. Age of plant at the time
of treatment (Borthwick & Parker 1938), intensity of light
during treatment (Borthwick & Parker 1938), and variety of
soybean used, have been shown to contribute to variations in
the results obtained.
“Many studies dealing with the influence of temperature
upon flowering in various kinds of plants have shown
that this factor, operating alone or in conjunction with
photoperiod, may exert a tremendous influence upon the time
and extent of flowering. But few, if any, of these studies have
been directed specifically at the interrelation of temperature
and photoperiod during photoperiodic induction.”
“Summary: 1. Biloxi soybeans were grown in the
greenhouse for four to five weeks and transferred to a series
of control rooms where various combinations of temperature
during the photoperiod and the dark period were applied for
five days. Photoperiods of both 8 and 16 hours were used.
“2. The effect of these various temperatures on the
initiation of flower primordia has been determined.
“3. Initiation of flower primordia was influenced to a
much greater extent by variation in temperature during the
dark period than by variation during the photoperiod.
“4. When the temperature during the photoperiod was
constant, a 55ºC temperature during the dark period limited
the amount of initiation that occurred. At 65ºC initiation was
much more extensive. This rise of 10º in temperature during
the dark period produced a greater difference in initiation
than any other temperature variation of the same amount...”
Address: 1. Physiologist; 2. Morphologist. Both: U.S.
Horticultural Station, Beltsville, Maryland.

685. Borthwick, H.A.; Parker, M.W. 1939. Photoperiodic
responses of several varieties of soybeans. Botanical Gazette
101(2):341-65. Dec. Also in Plant Science Literature
11(1):03 (1940). [8 ref]
• Summary: “Summary: 1. A study of floral differentiation
has been made upon thirteen varieties of soybeans grown
on nine different photoperiods, including continuous light.
The varieties Agate, Mandell, Hudson Manchu, Minsoy,
McCrostie’s Mandarin, Wisconsin Early Black, Batorawka,
and Mandarin initiated flower primordia on all photoperiodic
treatments employed. These varieties normally mature seed
in 105 days or less under field conditions. No plants of the
varieties Biloxi, Avoyelles, Otootan, and Peking, and few
of Tokyo, initiated flower primordia on photoperiods longer
than 16 hours. These varieties require 125-175 days to
mature seed in the field.
“2. The initiation of flower primordia in many
varieties under continuous light shows that darkness is
not a necessary condition for floral initiation in them...”
Address: 1. Morphologist; 2. Assoc. Physiologist. Both: U.S.
Horticultural Station, Beltsville, Maryland.

683. Bond, G.; Boyes, J. 1939. Excretion of nitrogenous
substances from root nodules: observations on various
leguminous plants. Annals of Biology 3(12):901-14. Oct.
New Series. *
• Summary: Experiments with soybean, pea, and broadbean.
Address: Dep. of Botany, Royal Technical College, Glasgow;
2. Dep. of Botany, Univ. of Glasgow. Both: Scotland.

686. Laughland, J.; Laughland, D.H. 1939. The effect of
age on the vitality of soybean seed. Scientific Agriculture
(Ottawa, Canada) 20:236-37. Dec. Also in Plant Science
Literature 11(2):19 (1940).
• Summary: “Conclusions: If soybean seed is not more than
three years old it will germinate satisfactorily although there
is a slight advantage in favour of new seed.” You should not
conclude that seed will germinate well because it looks good.
A table titled “The average germination of soybean
seed in all tests over the three year period 1936-38” has 3
columns: Seed used, 3 field tests germination percent, and
7 indoor tests germination percent. The age of seed tested
ranges from 1 to 8 years old. For seed one year old (previous
year’s crop) the numbers are 89.6% and 98.0%.
For seed two years old: 63.3% and 93.7%.
For seed three years old: 65.6% and 96.0%.
For seed four years old: 36.6% and 76.8%.
For seed five years old: 8.0% and 61.4%.
For seed eight years old: 0% and 0%. Address: 1. Crop
extension specialist; 2. Undergraduate student. Both: Field
Husbandry Div., Ontario Agricultural College, Guelph,
Ontario, Canada.
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687. Minarik, C.E.; Shive, J.W. 1939. The effect of boron
in the substrate on calcium accumulation by soybean plants.
American J. of Botany 26(10):827-31. Dec. [15 ref]
• Summary: “Summary: The production of fresh tissue
by soybean plants as well as the percentage of calcium
in the leaves of soybean plants is conditioned by the
concentration of boron in the nutrient solution. Deficiency
as well as toxicity quantities of boron in the substrate result
in low yields and subnormal calcium in the tissues. The
optimum range of boron concentrations. in the substrate lies
approximately between 0.025 ppm. and 1.0 ppm.” Address:
Agric. Exp. Station, New Brunswick, New Jersey.
688. Ames, Oakes. 1939. Economic annuals and human
cultures. Cambridge, Massachusetts: Botanical Museum of
Harvard University. vii + 153 p. See p. 10, 52-55, 119, 124.
Illust. Index. 29 cm. Reprinted in 1953 without change in
text or pagination. [100+* ref]
• Summary: Contents: Preface. 1. Significance of the
Angiosperm seed. 2. Antiquity of economic annuals. 3.
Economic plants of the Pleistocene. 4. The more important
economic annuals. 5. Plants as measures of time.
Economic botany is the link between anthropology and
plant industry. The rise of Angiosperms laid the foundations
for the rise of human civilizations. Angiosperms (the
word was first used in about 1828, and generally refers
to flowering plants) are plants which produce seeds by
sexual reproduction on land, without the need of external
water. In the matured seed of the Angiosperms is a partially
developed young plant provided with a supply of food for
growth during the early stages of germination. This enabled
the embryo to pass through a long dormant period and to
withstand considerable dryness without loss of its vitality.
Angiosperms began to exhibit advanced structures associated
with sexual reproduction prior to the Cretaceous Period
about 120 million years ago. Once the seed-producing
capability was perfected, Angiosperms spread rapidly over
the land, rapidly diversified, and soon became the most
successful part of the vegetable kingdom. Today there are at
least 10,000 genera and 200,000 species of Angiosperms.
Human history can be divided into two significant
periods: (1) The hunting period, which lasted at least 300,000
years, and (2) The agricultural period, when humans became
predominantly food producers, which lasted about 8,000
years. Ethnobotanists believe that the extraordinary disparity
between these two time periods may be explained by the fact
that humans remained ignorant of the economic significance
of the Angiosperm seed. Agriculture requires that humans
incur a temporary loss for the sake of a future gain by
sowing seeds. Horticulture is the link between hunting and
agriculture.
DeCandole discussed the importance of herbaceous
annuals such as the soybean, noting that all the major ones in
use today were known and used 2,000 years ago. (p. 10).

In the chapter titled “The more important economic
annuals,” under Leguminosae, the soybean is discussed (p.
52, 54-55), with a full-page illustration from Herbarium
Amboinense, by Rumphius (1747). The soybean has been
cultivated in China since ancient times. In 1712, it was
first made known to Europeans by Engelbert Kaempfer,
who called it Daidsu, which was one of its more than 50
vernacular names. In the USA, the soy bean was first grown
as a forage crop. Since 1854, cultivation for its seeds has
become increasingly important. In 1937 some 36 million
bushels of soybeans were produced in the USA. A plastic
made from soybean protein has recently become a valuable
substance in the automobile industry; it is used in making
steering-wheels, horn buttons, etc.
The cultivated soybean, Glycine Soja, is a different
species from its wild ancestor Glycine ussuriensis (p. 124).
Also discusses: Hemp (Cannabis sativa, p. 25-30).
Quinoa (p. 32). Amaranth (p. 33-39). Peanuts (p. 4449). Voandzeia subterranea (p. 64). Sesame seeds (p.
70-73). Address: Research Prof. of Botany and Director
of the Botanical Museum, Harvard Univ. [Cambridge,
Massachusetts].
689. Granhall, I. 1939. Växtförädlingsstudier beträffande
sojaböna, lin m.m.i Östersjöländerna och Mellaneuropa
[Plant cultivation studies regarding soybeans, flax and
other plants in the Baltic countries and Central Europe
(Continued–Document part II)]. Sveriges Utsaedesfoerenings
Tidskrift 49(2&4):161-79, 336-50. [Swe]
• Summary: (Continued): Austria (page 336) As is well
known, in the middle of March of 1938 there was a great
deal of political tension in Central Europe brought on by
Austria’s Anschluss [annexation by Germany]. In the middle
of my first visit to Vienna (March 8-10), there was still
autonomy. When I returned from Romania on March 20th,
Austria was part of Germany.
For soy growing, it seems that certain parts of Austria,
Burgenland in particular, have more climactically favorable
conditions than Germany. As far as we know, the area
planted with soybeans is still relatively small (in 1937 it was
estimated to be up to roughly 700 ha), but cultivation will
probably increase considerably.
Successful soybean growing has been done for a
long time by Samenzüchterei Franz Anton Brillmayer,
Platt, Zellerndorf, in Lower Austria. Planting is done in
cooperation with the Bundesanstalt für Pflanzenbau und
Samenprüfung in Vienna, where Dr. Fritz Drahorad is a
specialist. I did not pay a visit to Platt, since at the time of
year in question there was very little to see. Instead I looked
up Dr. Drahorad in Vienna and from him was able to get a
good glimpse at the methods used and their results.
In all, about 80 different testing sites have been used for
soy experiments. These sites are located at widely varying
elevations, including up to 1,100 meters above sea level.
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Because of the soybean’s relatively good frost resistance,
harvests of 800-2,600 kg/ha of mature beans have been
obtained at elevations of up to 800-1,000 meters above
sea level. On average, a per-hectare harvest in Austria is
generally 1,800-2,500 kg. In the most favorable locations,
planting is done at the end of April, otherwise it is generally
done at the beginning of May. Harvesting usually takes
places during the latter half of September.
The Drahorad-Brillmayer soy varieties have also
achieved a wide distribution outside of Austria, even if in
our own minds they could be described as being fairly late.
The “Delitzscher Schwartze” is thus grown at Platt and is
identical to the “Platter Schwartze SS 427”. This has nearly
average time to maturation, with 110-120 days vegetation
time in Austria, during which time “Platter Gelbe Riesen”
matures a full 10 days later.
Regarding breeding methodology, Dr. Drahorad believed
crossbreeding to be time-consuming and difficult. He
primarily uses natural selection (sowing populations in more
or less exposed areas, especially in the mountains). He then
visits these places (about 30 in all) in the fall, equipped with
a “backpack laboratory” and performs the necessary analyses
out in the field. Like most other soy growers, Dr. Drahorad
emphasized the importance of the length of the day. Among
other things, he studied some Manchurian material, covering
some 90 lines, which all however proved to be shorter-day
varieties. For Swedish conditions, where the summer days
are particularly long, he believed that people should try to
plant varieties that can be sown as early as possible so that
during their earliest stages of development they are exposed
to the shorter day lengths of spring.
Among the different appearing varieties at Platt, there
is a rather wide variation in fat and protein contents. Certain
lines exhibit as much as 25% fat and 43% protein.
Silage soybeans (silosoja) are also grown in Austria with
rather decent results. Platter Gelbe Riesen is used mostly for
this. New special stems have now been grown that can reach
a height of 175 cm, providing an abundance of green fodder.
The harvesting of silage soybeans should be done when the
seeds reach the size of a grain of rice, since at that time there
will be a minimum of leaf loss.
Domestic soy paid 38-43 Austrian schillings during
the winter of 1937-1938. Two production facilities for the
processing of meal and other soy products (sojaprodukter)
for human consumption operate in Austria, namely Sojaölund Sojamehl-Fabrik Dr. Winkler & Co., Vienna, and
Edelsoja-Werke in Schwechat, outside of Vienna.
During my stay to Vienna, I also paid a visit to the soy
plant operated by Dr. Winkler. The raw material, which is
Austrian soy but only of the yellow-seed variety, generally
contains about 15% water. The first procedure is soaking in
warm water, whereby the bitter substances (glycosides) that
soybeans contain are removed. Without this process, the
soy cannot be used for human consumption. Afterwards, the

beans are hulled, dried and broken up. Hydraulic presses are
used for oil production. The mechanical equipment clearly
appeared to be modern, including milling machinery, sifters,
etc.
Hungary (p. 338): In contrast to the surrounding
countries, soybean growing has not really taken off
in Hungary. Growing is done by professor K. Kolbai
of Keszthely, as well as at experimental facilities in
Magyaróvár and Szeged, but not to a very great extent.
Previously, Dr. R. Fleischmann of the Königliche Ungarische
Pflantzenzuchstätte in Kompolt, also worked with soy, but
has now focused his attention to hemp and other textile
plants, as well as corn. Of these growers mentioned, I only
visited Dr. Fleischmann. Generally speaking, it seems that
about a 38-39% protein content and a roughly 17% fat
content appear in Hungary, where the Brillmayer and Kleine
Gelbe Ungarische are the most commonly grown varieties.
In the drier regions, soy is generally not successful, and
instead is of interest for more humid zones.
With regard to hemp, Dr. Fleischmann observed a very
strong photoperiodic reaction capability. Hemp (in this case
the Southern European variety), like soy, is a typical shortday crop.
Translated by Thor Truelson of Minneapolis.
Summarized in Herbage Abstracts (March 1940, p. 25).
690. Granhall, I. 1939. Växtförädlingsstudier beträffande
sojaböna, lin m.m.i Östersjöländerna och Mellaneuropa
[Plant cultivation studies regarding soybeans, flax
and other plants in the Baltic countries and Central
Europe (Continued–Document part IV)]. Sveriges
Utsaedesfoerenings Tidskrift 49(2&4):161-79, 336-50. [Swe]
• Summary: Continued (p. 344): The biggest task he is
currently working on is developing a soybean variety that
can grow and flourish in low soil temperatures in the spring.
Because of the severe winters in the area, it often takes until
the end of April for the soil temperature at 2 cm deep to
reach over +8º C, which is considered the minimum with the
current material. Due to the soybean’s short-day plant nature,
it would be ideal if seeding could be done earlier so that the
long, late spring days would not affect plant development to
the same extent. In this respect, day length during the first
weeks after sprouting is considered absolutely crucial.
For the start of his selection work, Dr. Kornfeld has used
Manchurian material, as well as “Gelbe Dobrudschaner”.
This latter hybrid is identical to “Kleine Gelbe Ungarische”
and in Transylvania has proved to be considerably better than
the Yugoslavian varieties (e.g. Reiner) for practical growing.
As a result of striving for cold-resistant types, a couple
of strains have already been obtained that could be seeded
in early March in Medias, maturing in August. Of these
varieties, Dr. Kornfeld kindly gave out some small samples
of seeds.
The soybean’s after effects on subsequent crops is worth
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noting. This is particularly the case after soy that has been
properly inoculated with bacterial cultures. The soil must
be worked in the fall, but otherwise the prior crop does not
really matter that much, as seen from experiences in Medias.
Barnyard manure seems to work well. Sowing must be done
by machine on larger plots of 15 cm row distance, with a
seed amount of approximately 50 kg/ha. Weeds must be
thoroughly kept in check by hoeing, while simultaneously
breaking up the soil. For the purpose of guaranteeing and
facilitating a thorough hoeing, sometimes some barley is
seen together with the soy. The barley grows quicker than
soy and is later removed by hoeing. One problem with
harvesting soy is the bean’s hygroscopicity. If the water
content is insufficient, during storage soybeans can easily
spoil.
Cluj: In Transylvania’s largest city of Cluj, located at
an elevation of 360 meters, there is a Romanian agricultural
school, as well as a major agricultural research and breeding
institute. The head of this research operation is professor
Saulescu, with Dr. Mudra as an assistant.
Page 346: Among other things, the institute works with
oil-yielding plants, including both planting and breeding
experiments, as well as corn. Among new oil-yielding plants
that are tested there, the Perilla ocymoides obtained from
professor Chmelar of Brno, and shell-less gourds from
professor Tschermak of Vienna, deserve mention. Both of
these plants are described as very interesting. A variety of
experiments are also done with soy, but no actual breeding.
Page 347: Czechoslovakia: In 1937, there were
approximately 2,000 hectares of soy growing in this country.
About half of the obtained harvest went to margarine
producers and the remainder was used for seed, meal, feed,
etc. The country’s largest plant for soy products is Silofarin
Znojmo, located in Zádruka.
The best areas for soy growing are in southern Moravia
[in today’s Czech Republic] and Slovakia. Growing
experiments have been conducted at a number of research
centers in various parts of the country. The most detailed
have been conducted by professor Chmelar, at Zemsky
Vyzkumny Ustav Zemedelsky (the Agricultural Research
Center) in Brno, and engineers Truksa at the research
institute in Bratislava and Hruska, also from Bratislava.
Bratislava [in today’s Slovakia]
Engineer Hruska, was gone while I was there,
unfortunately. I therefore met engineer Truksa at the
agricultural research institute. This institute has worked with
soy for many years and, together with two other researchers,
published a handbook on soy growing and use in 1935,
entirely in Czech unfortunately.
Soy growing in Czechoslovakia began in 1921, with
about 100 or so varieties from Manchuria and the US being
used to start. Only yellow seeded strains were selected. In
particular, importance was also placed on early maturity and
high oil content (18% or more).

Page 348: The black and brown varieties are only of
interest as green fodder. In oil production, the oil is naturally
darker, which is particularly a disadvantage in making
margarine. Even for the production of soymeal (sojamjöl),
yellow and green seeded varieties are desired. People have
gone so far as to consider varieties with a black hilum as less
desirable because the oil’s quality is diminished to a certain
extent. When baking flour with these types of soy varieties,
the bread often gets black streaks in it that look like ink. For
this reason, when the soybeans are roasted, e.g. to get “soy
coffee” (sojakaffe), the black and brown seeded varieties can
be used. The best of the varieties grown practically thus far
is thought to be a Czech “country variety”, which of all the
varieties evaluated is the closest to the previously mentioned
Kleine Gelbe Ungarische and Gelbe Dobrudschaner. These
possibly all originate from the soybean varieties introduced
by Haberlandt and Fruwirth in the late 1800’s, for Vienna.
With this aforementioned Czech variety, a harvest of 1,5001,800 kg/ha is obtained. Higher numbers are obtained from
Brillmayer’s Platter Gelbe which is a similar variety but not
as reliable, whereby the numbers for this variety can swing
from 800 to 2,800 kg/ha in Bratislava. Earlier varieties,
like the Polish Pulawska sort, produce much too small of
a harvest in Slovakia and are therefore better suited for
Bohemia and Moravia.
Crossing has been conducted at the institute since 1934.
Among other things, an early, black seeded variety and a
later yellow variety were crossed for the purpose of getting a
combination of yellow seeded and early from it. Only black
and black-spotted descendents have been obtained, however.
The best variety obtained by selection from Manchurian
soy is the yellow seeded number 40, which has produced
good results and has proven to be reliable when grown in
Slovakia. Among the brown seeded varieties obtained, the oil
content is around 20%, which from a processing standpoint
is attributed to its seed color.
It has been found that soy and corn can be grown
successfully together. An excellent green fodder can be
obtained, for example, from 1/5 soybeans + 4/5 corn as
a seed mix, with a 40-60 cm row distance. Likewise, for
a ripe harvest corn and soybeans cannot be seeded in the
same field, however, without each plant having its own row
according to the following system worked out by engineer
Hruska.
A diagram shows a 4 rows of crops. On the far left
is a row of maize, separated by 42 cm from the 2nd row
(soybeans), separated by 24 cm from the 3rd row (soybeans),
separated by 42 cm from the 4th row (on the far right) maize.
When seeding solely soybeans, a 24-26 cm row distance
is recommended. Seeding is done in April in Slovakia and in
northern Czechoslovakia it is done somewhat later (end of
April–beginning of May).
Page 349: Brno
Professor Chmelar, with whom I had the pleasure
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to meet, has conducted experiments with soybeans in
Czechoslovakia since 1921 and has published a couple of
articles on the results (Vestnik Ceskoslovenské Akademie
Zemedelské, 1931, Number 5; Sborník Cesk. Akad. Zemed.,
1935, Number 1).
In professor Chmelar’s growing experiments, it appears
that the Manchurian varieties have generally done quite well
in Moravia, whereas the Japanese, Russian and American
varieties have not done so well. Basically, the Kleine Gelbe
Ungarische can apparently be grown throughout the entire
country. Several new varieties have also been grown that
proved to be successful. Among the more interesting sorts,
professor Chmelar even mentioned the Mandarin, which
in Brno produces a rather small harvest. According to
experiments conducted in other locations, this variety should
be day-neutral. Such has not been the case in photoperiodic
studies conducted in Brno, however. This sort reacted more
strongly to darkness than e.g. the Kleine Gelbe Ungarische,
which cannot really be described as day-neutral either.
Apparently new work on these experiments is currently
being published.
Apparently the Reatz and Reiner Osijek varieties that are
grown on a large scale in the Balkans originally stem from a
line of Mandarin. From what we can see, the name Mandarin
can cover a number of different varieties. This is believed to
be the reason behind the contradictory results obtained with
regard to its photoperiodic reaction.
On page 349 is a photograph of Mendel’s experimental
garden at the Augustinian [monastery] in Brno. Note:
Between 1856 and 1863 Gregor Mendel conducted his
famous experiments on pea plants in the monastery garden.
These laid the foundations for the science of genetics.
Note 1. Translated by Thor Truelson of Minneapolis.
Note 2. This is the earliest document seen (July 2021)
that mentions “day-neutral.” But the evidence is not as strong
as that of Parker and Borthwick (1951).
691. Herb-Mueller, Lene. 1939. Soja, Glycine hispida Max
[The soybean]. In: Theodor Roemer and W. Rudorf, eds.
1939. Handbuch der Pflanzenzuechtung. Vol. 4. Bucharest,
Rumania. See p. 176-97. [105 ref. Ger]
• Summary: Discusses soybean breeding, systematics,
different forms of the soybean, variability of its genetic
characters, photoperiodism, etc. Address: Germany.
692. Hummel, Karl. 1939. Ueber Temperaturen in
der Sojabluete [On temperatures in soybean flowers].
Bioklimatische Beiblaetter der Meteorologischen Zeitschrift
6(1):13-17. [3 ref. Ger]
693. Matagrin, Am. 1939. Le soja et les industries du soja:
Produits alimentaires, huile de soja, lécithine végétale,
caséine végétale [The soybean and soy industries: Food
products, soy oil, vegetable lecithin, and vegetable casein].

Paris: Gauthier-Villars. x + 390 p. Illust. 18 cm. [300 ref.
Fre]
• Summary: Contents: Introduction. 1. The agricultural,
industrial, and commercial history of soya: Asiatic origins
and propagation in Europe, soya in America (its cultivation
and industries), soya in Europe, Asia, Africa, and Oceania
(1936) (1. Admission of soya in the agriculture and
industry of European nations (p. 35): Soya in France, soy
industry and commerce in central and northern Europe
{England, Germany, Holland, Denmark, Sweden, Poland,
Austria and Hungary, Switzerland}, penetration of soya
into southern Europe {Iberian peninsula, Italy, Balkan
countries of Dalmatia, Istria, Yugoslavia, Greece (p. 47),
Bulgaria, Romania, Ukraine}, the grandeur and decadence
of soya in Russia. 2. Soya in modern Asia (p. 51): China
and Manchuria, Japan, Korea, Formosa, French Indochina
{Tonkin, Cambodia, Cochin China}, the British and Dutch
Indies {Siam, Assam, Bengal, Burma, Ceylon, India, Straits
Settlements [later Singapore] / Malacca}, western Asia
{Turkestan, Persia (p. 57)}. 3. Soya in Africa and Australia
(p. 57-58): South Africa, Rhodesia, Nigeria, Gold Coast
[later Ghana], Cote d’Ivoire, Dahomey, Togo, Algeria,
Tunisia, Morocco, Egypt, Australia {Queensland, New South
Wales, Victoria}, Tasmania, New Zealand, not yet in British
New Guinea [later Papua New Guinea], Philippines, Java).
2. The botany and agronomy of soya: The plant, its
names, its botanical characteristics, its varieties (original and
created by selection), the cultivation of soya.
3. The general chemistry of soya: Chemical composition
of the plant, structure and chemical composition of the
beans.
4. Using soya in soyfoods and soyfood products: Whole
soybeans (whole green, dry, sprouted, roasted and salted
{soja á l’état vert, fève de soja sèche, fève grillée, fève salée
de soja, fèves de soja salées, p. 166-67}, soynut butter {un
mélange rappelant les beurres végétaux}, soy coffee, soy
confections {confiture de soja}, soy chocolate, soy sprouts
{fèves de soja germées, germes de fèves de soja}), soymilk
and tofu (le lait et le fromage de soja; soymilk cream,
concentrated soymilk, soymilk powder / powdered soymilk,
fermented soymilk {lait fermenté, yoghurt, kéfir, koumys,
p. 189}, fermented tofu {fromages de soja}), okara (pulpe
résiduaire de la préparation du lait de soja), fermented soy
products (solid, paste, and liquid condiments; natto, miso,
and shoyu [soy sauce]; kiu-tsee and lactic ferments), soy
flour and bread.
5. The soy oil industry and products derived from it:
Extraction and refining of soy oil, properties and use of soy
oil.
6. The vegetable lecithin industry: Extraction of
vegetable lecithin, properties and use of vegetable lecithin.
7. The vegetable casein industries and plastic materials
based on soya: Soybean cakes and flours from which the oil
has been removed, use of such cakes and flours, in the crude
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state, as a raw material for plastics, manufacture and use of
vegetable protein, soybean cellulose for artificial silk, soya
furfural and furfuraldehyde (phenolic resins). Conclusion:
How to launch soya industries in France. Important terms. A
bibliography appears at the end of each chapter.
Note 1. This is the earliest French-language document
seen that uses the terms Fève grillée, fève salée de soja, or
fèves de soja salées, “roasted soy beans” to refer to soynuts.
Note 2. This is the earliest French-language document
seen (April 2005) that mentions soynut butter, which it calls
un mélange rappelant les beurres végétaux.
Summary: Matagrin wrote two previous books: Manuel
du Savonnier (Paris, no date given) and L’Industrie des
Produits chimiques et ses Travailleurs (Paris, 1925).
Francis G. Beltzer, a practical chemist, became a major
force in visualizing new industrial uses for the soybean in
the West. By contrast, Li and Grandvoinnet (1912) paid little
attention to soy oil in their book, devoting only 3 pages out
of 150 to the subject, and only ½ page to industrial uses,
while largely ignoring lecithin. These two books had a great
influence on soy in France and they nicely complement each
other (p. vi).
The Soybean, by Piper & Morse (1923), was
published in both New York and London. Horvath was a
Russo-American chemist. Italians who made important
contributions to the soybean were professors Bottari, Mattei,
Panatelli, and Tito Poggi (p. vii).
Leon Rouest, French the agronomist, wrote an important
book titled Le soja français et ses applications agricoles et
industrielles (Chateauroux 1936). Since 1920 he has devoted
himself to the culture of soybeans and to the selection of
acclimatized varieties. He was director of the Laboratory of
Soja in the north Caucasus from 1930 to 1935, and in 1921
he had already published a book, Le soja et son lait végétal.
His new (1936) book benefitted from the collaboration of
Henry de Guerpel, an agricultural engineer and mayor of
Percy-en-Auge, who was also an indefatigable prophet of
soybeans in France, until his untimely death in Jan. 1937.
Anyone in the world can order (from the U.S.
Government Printing Office in Washington, DC) the many
U.S. publications about soybeans from the USDA or state
agricultural experiment stations. These substantial works are
based on careful research and enriched with numerous tables
and photos–a fine example of the key role that governments
can play in introducing and popularizing soya. Recently J.A.
LeClerc (of USDA’s Bureau of Chemistry and Soils) said the
soybean has become a naturalized American (p. viii).
More than a century ago Lord Byron wrote Beppo, the
first Western poem on soy. It was an account of a carnival
at Venice, Italy, in 1818. He advised the tourists to bring
“Ketchup, Soy [sauce], Chili-vinegar.”
Maurice Druel was one of the young engineers who
worked with competence to launch a soy industry in France
(p. x).

For an early chronology of soybeans and soyfoods in
France (1856+, see pages 8-12). 1857-58: Lechaume planted
soybeans at Vitry-sur-Seine and got encouraging results. A
report by the National Society for Acclimatization declared:
“The acclimatization of the soybean is complete.”
1859–Setback for the first tests by Vilmorin with
Chinese beans that were too late, but success by Dr. Turrel in
le Var.
1862-69–Success of Mme. Delisse, in Gironde.
Then the Franco-Prussian war arrested these tests, so
the center of interest moved to central Europe. The world
exposition of Vienna in 1873 and Friedrich Haberlandt. In
his book one finds the first analyses of the seed by Steuf, of
the cake by Woelker / Voelker, the results of texts by Berndt
on oil extraction (p. 9).
Podolie is in Ukraine.
Of Haberlandt’s 148 trials in 1877, only 12 failed for
lack of warmth. Much new agronomic information was
accumulated.
Back in France: 1874-80–Society of Horticulture
d’Etampes (Seine-et-Oise) grew a yellow Chinese variety
which succeeded. This “soja d’Etampes” was studied
intensively from the chemical and agronomic points of view
by Lechartier and various authors. A doctor from the region
prepared, for his personal use, a vegetable cheese (tofu).
But the grain did not find buyers so its cultivation did not
spread. There now remain only 2 or 3 innovators to cultivate
soybeans and on 5-10 acres maximum. But Chinese soybeans
mature in the region of Paris, as in 1879 at Marseille.
1880–While the tests of Boursier in l’Oise have
succeeded. and while Olivier-Lecq, ardent propagator of
soybeans, distributed 100 kg to farmers in the north, the
national Society for Acclimatization organized cultural
trials all over France. Results were obtained in each of the
regions, some with record yields. The general objection of
the farmers was the difficulty found in using the soybean as a
legume (it was too hard) or to find buyers.
As Paillieux said so well: “Our point of departure has
not been happy one; the soybean has been presented simply
as a new legume” (p. 10).
The German successes in soybean cultivation were
studied by Wein in 1881 (p. 10).
In the 1880s there was a big growth of interest in
vegetarian diets in Europe. Compare this with the USA (p.
11).
Li Yu-ying: After his 1905 speech, in 1908 he
created a laboratory for studies, which soon founded
the factory La Caseo-Sojaine at Vallees, near Colombes
(Seine), administered by a French-Chinese company. This
establishment made soyfoods using imported soybeans,
especially tofu (p. 12).
Dr. Bloch of France recommended thin sheets of pressed
tofu as a reserve ration for troops.
Lever Bros. soap works used lots of soy oil in Britain (p.
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12).
The British did some cultural trials in India, Burma,
Siam (Thailand), and South Africa.
Japan, in effect, annexed Korea in 1895.
It was only after 1905 that soybean tests took place, first
in Guyana, where the soybean matured easily.
Soybeans were grown for forage more in the South of
USA than in the north. Continued. Address: France.
694. Minarik, Charles E. 1939. The effect of boron in the
substrate on the rate of calcium absorption and accumulation
by soybean and corn plants. PhD thesis, Rutgers University.
In: Doctoral Dissertations Accepted by American
Universities, 1939. *
Address: Rutgers Univ., New Brunswick, New Jersey.
695. Nye, G.W. 1939. Reports of the botanical section:
Report of the Senior Botanist, Bukalasa. Uganda
Protectorate Department of Agriculture, Annual Report. Part
II. p. 42-56. For the year ended June 30, 1938. See p. 54, 56.
• Summary: The section titled “Soy Beans” states: The
importance of Soy beans from a nutritional standpoint
needs no emphasis. Excellent crops have been obtained
at Bukalasa in both seasons, i.e., early and late rains and
there is every reason to expect higher yields as the seed
becomes acclimatized and soils become infected with the
nodule forming organism. Actually, nodule formation has
only occurred on one very small plot at Bukalasa. Numerous
varieties have been obtained from America and South
Africa, and these are being increased for proper yield trials.
Considerable variation in earliness, straw production, etc.
was observed.”
A trial of three soybean varieties gave the following
yields in pounds/acre: Barberton Y 1 1,060, Serere 840,
Laredo 25. Note: Barberton Y1 originated in South Africa,
Serere is an agricultural station in Uganda, and Laredo
originated in the USA.
“Barberton Y 1 [which originated in South Africa] was
definitely earlier maturing than Serere. The Serere variety
selected by Mr. Hosking in Trinidad appears to be very
suitable for forage owing to the large amount of vegetable
material produced. Quarter-acre increase plots sown in the
late rains gave yields at the rate of 664 lbs. per acre for Local
and 626 for Barberton Y 1, which were very satisfactory.
Very little disease occurred, although at that time of the year
Cercospora is usually very severe on all types of beans.”
The last section titled “Other Crops” notes: “Collections
of Yams, Tannias, Sweet Potatoes, Peas, Soy Beans and
Bambarra Groundnuts [Bambara; Voandzeia subterranea
(L.) Thouras var. subterranea] are being made with a view
of selecting the best types for supplementing the native diet.
Several new varieties of these crops have been obtained
from other countries.” Address: Senior Botanist, Botanical
Section, Bukalasa, Uganda.

696. Eaton, Scott V. 1940. Effects of boron deficiency and
excess on plants. Plant Physiology 15(1):95-107. Jan. [20
ref]
• Summary: Experiments with soybeans and sunflowers. “1.
The main symptoms of boron deficiency in the sunflower and
the soy bean are: a dying of the stem tip, a chlorosis of the
young leaves, and certain malformations of these leaves.”
Address: Univ. of Chicago [Illinois].
697. Link, G.K.K.; Eggers, Virginia. 1940. Hyperauxing
of nodules of red kidney beans, soybean, and garden pea.
Phytopathology 30(1):15-16. Jan.
• Summary: “Using the Avena coleoptile test and peroxidefree ether extracts of the test material, it was shown that the
auxin content of nodules (1) of kidney bean is 3-10 times
greater; (2) of soybean is 1.5 times greater; and garden pea is
2.5 times greater, respectively, than that of the roots that bore
them.”
This is an abstract of a paper presented at the Thirty-first
Annual Meeting of The American Phytopathological Society,
Columbus, Ohio, December 27 to 30, 1939, inclusive.
698. Milum, V.G. 1940. Bees and soybeans: this and that,
from here and there. American Bee Journal 80(1):22. Jan.
• Summary: The author reports that he has never seen bees
in soybean plantings in Illinois and that caged soybeans
(inaccessible to bees) produce as many seeds per pod as
those in the open. “Since soybeans are self-fertile and do
not require insect aid in pollination, it seems reasonable to
assume that as with other plants, there should be little, if any,
nectar available to attract the bees for the service needed for
seed formation.”
Note: He later (1952, 1956) modified his views.
Address: Apiculturist, Urbana, Illinois.
699. Krauss, Frederick G. 1940. Diversified agriculture in
Hawaii. Honolulu Advertiser (The) (Hawaii). Feb. 18. p. 42.
• Summary: “The Soja (Soy Bean): The most versatile of
annual field crops. Potentially an important leguminous
‘grain’ (seed), forage and hay, and green manuring crop for
Hawaii, with industrial possibilities.”
“Introduction: No other crop is used for so many
purposes as is the soybean, or of which there are so many
agronomic forms, making it adaptable to many cultural
conditions. For centuries the most important legume in
Asiatic countries, it is fast gaining a like ascendancy in some
parts of the continental United States, notably in Illinois,
Iowa, Indiana, and on especially to North and South Carolina
to and throughout much of the cotton Belt. Strange to say,
although the crop has been experimented with in California
for twenty years, it has rarely produced above a thousand
pounds of seed per acre under the most favorable conditions
that could be supplied there, and at $40.00 per ton, such
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small yields would be unprofitable. Consequently the
soybean has not become established on the Pacific Coast, nor
does it seem likely to, which has resulted in continued heavy
importation of the seed from the Orient.
“It is the writer’s opinion that light intensity, or
‘length of day’ growing factor, termed photoperiodism (the
response of the plant to relative length of day and night), is
the limiting factor in the region rather than other climatic
conditions such as temperature, humidity, etc., too often
attributed to causes of failure in crop production.
Hawaii’s Adaptability: As to Hawaii’s adaptability
to the profitable production of the soybean (also termed
the soja from its generic name), many varieties have been
tested over a long period. Krauss in Bulletin No. 23, entitled
Leguminous Crops in Hawaii, published by the Hawaii
Experiment Station in 1911, records the successful culture of
some dozen varieties, ranging from very dwarf types, which
mature in 60 to 100 days, to varieties which attain a height
of 4 feet or more, and requiring 4 months to mature. In
succeeding years the Hawaii Experiment Station has added
numerous other varieties, the most outstanding among them
being the two Biloxi varieties from Mississippi. All together
at least 200 varieties have been tested in cooperative field
trials, among them some 40 varieties collected by the writer
in China and Japan in 1909, 1927, and 1936.
“From this extended experience we would affirm that at
least a half dozen varieties are available to the commercial
grower that will produce average crops of a ton of seed per
acre under favorable conditions.
“The writer would estimate that 2000 to 5000 acres
might gradually be brought into this crop in rotation with
potatoes corn and other similar field crops, including even
sugar cane and pineapples. Such an acreage should produce
from 2000 to 5000 tons of seed which would justify the
setting up of a small oil expressing plant, and or a mill for
producing soybean flour such as the well known British
manufactured ‘Trusoy’ flour [launched in 1932] and several
American brands, in addition to supplying the local demand
for beans used in the manufacture of Oriental products such
as tofu (soybean curd) and its by-product kirazu [okara],
tonyu (soybean milk), miso (fermented rice and soybeans),
shoyu (soybean sauce) and other, which together necessitate
the importation of some 2½ million pounds annually,
the product of more than a thousand acres. Lastly should
mention be made of the important remaining by-product
should Hawaii see fit to set up a soybean expressing plant–
the resultant oil cake which is one of the most satisfactory
sources of food from a vegetable source, used for livestock
feeding, feeding especially for dairy cows. Large quantities
of this feed concentrate are imported into Hawaii, at a cost
ranging from $40 to $50 per ton.
“History and Adaptability; Botanical Characteristics:
The soybean (Soja max), relatively new to American
commercially, is one of the oldest and most important food

crops grown in the Orient. The plant was referred to in
Chinese literature at least 4800 [sic, 3100] years ago. It was
first introduced into the United States about 1800 [sic, 1765].
However, it is only since 1908 [sic, 1890] that the crop
has become generally known to those places of the United
States where it now flourishes. The Hawaii Agricultural
Experiment Station began conducting extensive experiments
with the crop in the middle 1900s. By 1910 a hundred
varieties were under comparative test at the Pensacola
Street Station [in Honolulu] (See Bulletin 23, Leguminous
Crops for Hawaii, 1911). In 1909 the writer collected some
40 varieties in China and Japan, which were added to the
already large collection under test. One of these new Asian
varieties, O-too-tan, is now said to be a foremost variety in
the southern states, where it is grown in excess of a million
acres, principally as a hay and silage crop (see such southern
seed catalogs as Wood’s, Reuter’s and Hastings–the latter
terms it the ‘Hawaiian’ soybean).
“To indicate the importance of the soybean as an Asiatic
crop, mention may be made of Manchuria’s production
of 142 million bushels, in Korea 250 million bushels are
produced and in Japan 11 million bushels, and in NetherlandIndia [today’s Indonesia] 7.5 million bushels as of 1935.
During the same period the United States produced about
40 million bushels, while in 1907 less that 50,000 bushels
were produced, Remarkable progress has been made in
recent years in the United States in the developing of food
and industrial uses from the soybean, especially in the
manufacture of oil, flour and oil meal cake, and lastly, plastic
materials such as is being used in the automobile industry,
in greatly increasing volume. Henry Ford alone used 2
million pounds of soybean oil, the product of 10,000 acres
of soybeans annually, for the manufacture of the enamel
with which he coats his automobiles. The resultant soybean
meal, by-product after the oil is extracted, is used for making
plastics used in numerous automobile parts. At present about
45 soybean oil mills are in operation in the United States.
These, during the 1935-36 season produced 209 million
pounds of oil, the product of 25 million bushels of soybeans
grown on a million acres. The price paid for these beans is a
few cents below $1.00 per bushel of 60 pounds. So important
has the domestic soybean industry become that an exhaustive
text by A.A. Horvath has recently been published by the
Chemical Publishing Company under the title The Soybean
Industry (second edition 1939).
“Description of the Plant:” A long, typical botanical
description follows.
“(To Be Continued Next Sunday).” Address: PhD.
700. Krauss, Frederick G. 1940. Diversified agriculture in
Hawaii. Honolulu Advertiser (The) (Hawaii). Feb. 25. p. 34.
• Summary: “(Continued from Last Sunday)
“Average yield: The average yield of seed per acre
over a wide area ranges from about 10 to 20 bushels (600
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to 1200 pounds) per acre depending upon variety and soil
as well as climate. Especially in the soybean are flowering
and consequent seed production closely related to the daily
period of illumination or ‘photoperiod,’ as this factor is
technically termed.
“Under favorable conditions the medium to medium late
maturing, 110-130 day maturing sorts, such as the brownseeded Biloxi, introduced from Mississippi in 1918 [sic,
Jan. 1915], produce under favorable cultural conditions a
ton or more of seed per acre with good regularity. Wilsie,
former agronomist of the Hawaii Experiment Station, has
reported experimental plantings in excess of 2 tons pr acre of
some varieties (see table of 14 varieties and their respective
yields under ‘Varieties’), while Krauss in 1910 reported
average yields ranging from 30 to 50 grams each, slightly
less than one ounce to more than 1½ ounces per plant. Full
stands seeded 10 inches apart in rows 30 inches apart at
the above rate would produce up to or in excess of 3000
pounds per acre. (See illustration herewith which shows the
heavy podded plants without foliage.) In these experiments
it was common to find plants yielding 200 to 300 seeds in
some varieties. Biloxi plants have subsequently yielded
considerably in excess of any of the figures given above and
may be relied upon to produce a ton of prime seed per acre
under favorable and climatic conditions.
“Varieties, Adaptation and Culture: There are said to
be approximately 800 more or less distinct varieties of
soybeans. However, seedsmen catalogue only about 20
varieties mostly in the southern United States. The writer
recommends the following for trial before any extensive area
is sown for commercial purposes:
“Group I. Culinary Varieties. (Dwarf type maturing in
from 60 to 100 days, yellow seeded.)
“Hollybrook, Manhattan, Swan, Elton, Acme.
“Group II. Culinary and ‘Grain’ varieties.
“Medium to large type, best suited for ‘grain.’ Yellow
seeded (except Biloxi.)
“Edward, a desirable variety for the manufacture of miso
and other Japanese food products (Mamakami Hawaiian Soy
Co., 1910); Ito San Riceland, Barchat, and Ruralnook (if
seed obtainable); Biloxi, an excellent canning variety, Tokio,
Mammoth Yellow.
“Group III. Green foliage and hay varieties.
“Biloxi (brown seeded), O-too-tan, Tar Heel Black,
Laredo.
“The following table is taken from the 1936 annual
report of the Hawaii Agricultural Experiment Station,
representing the very creditable work done by Dr. C.P.
Wilsie, an ardent advocate of the soybean as a field crop for
favorable Hawaiian conditions:
“Concerning these experiments Wilsie says: ‘Soybeans
produced with high yields during the summer. Forty-two
varieties were compared for seed and foliage yields. The
summer crop harvested in August and September, 1935,

was excellent, the highest yields ever recorded at the station
being obtained. The table gives the yields of the 14 highest
yielding varieties, each variety replicated four times during
the experiment.
“’Fourteen varieties were planted during the winter
season at the University Farm (Manoa Valley). Grown at
that time of the year the plants were much smaller, only
the O-too-tan exceeding 18 inches in height. Early and
late varieties matured within two weeks of the same date,
and yield and quality of seed due to unfavorable weather
conditions were poor.’”
A table shows: “Comparative yields of 14 varieties of
soy beans grown at the Pensacola Street Station, Honolulu.”
The four columns are: (1) Variety, arranged in descending
order of seed yield. (2) Yield of green forage per acre in tons.
(3) Yield of seed per acre in pounds. (4) Yield of seed per
acre in bushels.
Brown. 12.8 tons. 4,152 pounds, 69.2 bushels.
Tokio. 15.2 tons. 4,034 pounds, 68.1 bushels.
Nanking. 14.0 tons. 3,505 pounds, 58.4 bushels.
Mammoth Yellow. 14.4 tons. 3,369 pounds, 56.2
bushels.
Black, F.P.I. 80495. 13.1 tons. 3,335 pounds, 55.7
bushels.
O-too-tan. 22.1 tons. 3,097 pounds, 51.6 bushels.
Tar Heel Black. 10.6 tons. 3,029 pounds, 50.5 bushels.
Selection 2567-2-11. 12.6 tons. 2,756 pounds, 45.9
bushels.
Laredo. 12.4 tons. 2,620 pounds, 43.7 bushels.
Selection 2567-2-1. 12.6 tons. 2,586 pounds, 43.1
bushels.
Seaweed. 11.1 tons. 2,586 pounds, 43.1 bushels.
Biloxi. 14.2 tons. 2,212 pounds, 36.8 bushels.
Virginia. 10.3 tons. 2,178 pounds, 36.3 bushels.
Yellow Biloxi Hybrid. 15.1 tons. 2,076 pounds, 34.6
bushels.
Photos show: (1) “Planting soybeans with a beet-andbean drill. This implement is said to be much superior to the
grain drills sometimes used. This drill handles seeds of all
sizes and plants four rows at a time.”
(2) “Heavy seeding ‘A’ and heavy foliaged (forage type
[left]) soybeans ‘B’ contrasted. Plant A bearing more than
100 pods and about 300 seeds. Both types thrive in Hawaii.
“(To Be Continued Next Sunday)” Address: PhD.
701. Bolhuis, G.G. 1940. Natuurlijke kruisbestuiving bij
kedelee [Natural backcrossing by soybeans]. Landbouw:
Landbouwkundig Tijdschrift voor Nederlandsch Indie
(Buitenzorg, Java) 16(2):119-28. [10 ref. Dut; eng]
• Summary: Discusses the results of experiments in natural
backcrossing conducted in Java. These experiments began in
1934 at Buitenzorg (Bogor, in west Java), but the first seeds
were harvested in 1937. Previous to 1907 it was generally
assumed that natural cross-pollination in the soybean did not
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occur. In that year, Piper and Morse found some aberrant
plants with hybrid nature in plots of some pure-grown
varieties.
These experiments were conducted in an effort to
determine the frequency of natural backcrossing in soybeans
by planting two easily distinguished varieties together.
Natural cross pollination was much more frequent in variety
No. 30 than in No. 336. No. 30 belongs to the so-called
Manchurian type, No. 30 to the Indian type. It would seem
that natural crossing is due chiefly to insects and that the
visiting insects do not limit their activity to the immediate
neighbourhood of a given row.
Note: This is the earliest document seen (July 2018) that
mentions “backcrossing” (or “backcross,” “backcrossed,”
etc.) or with that word in the title. Address: Ir.,
Landbouwkundig Instituut van het Algemmen Proefstation
voor den Landbouw te Buitenzorg, Java.
702. Thorne, D.W.; Burris, R.H. 1940. Respiratory enzyme
systems in symbiotic nitrogen fixation: II. The respiration of
Rhizobium from legume nodules and laboratory cultures. J.
of Bacteriology 39(2):187-96. Feb. [4 ref]
• Summary: A method was developed by which suspensions
of the bacterial organism are prepared directly from the
legume root nodule; especially good suspensions can be
prepared from plants bearing large nodules (such as soybean
and cowpea) since separation of the bacteria from the inert
cortical material is easily accomplished. The enzyme systems
of these nodular suspensions can be readily compared with
those of bacteria grown on a laboratory medium. There
are no consistent differences between strains of the same
species; the slow growers (soybean and cowpea) differ
significantly from the others in their rate of respiration on
several substrates. Address: Univ. of Wisconsin, Madison,
Wisconsin.
703. Thornton, D.W.; Burris, R.H. 1940. Respiratory enzyme
systems in symbiotic nitrogen fixation. II. Respiration of
Rhizobium from legume nodules and laboratory cultures. J.
of Bacteriology 39(2):187-96. Feb. [4 ref]
• Summary: “Most investigations on the physiology of
root-nodule bacteria have been confined to organisms
grown on artificial media, but since nitrogen fixation by
Rhizobium apart from the host plant has not been proven, the
significance of such studies has been limited. Furthermore,
recent investigations on adaptive enzymes suggest that
activities of the root-nodule bacteria may be considerably
altered by growth within the nodule.”
Response of cultured and nodular rhizobia to the factors
investigated were quite similar. Nodules of peas, vetch,
soybeans, and cowpeas. Address: Univ. of Wisconsin,
Madison.
704. Krauss, Frederick G. 1940. Diversified agriculture in

Hawaii. Honolulu Advertiser (The) (Hawaii). March 3. p. 34.
• Summary: “(Continued from Last Sunday)
“Soil, Climate, and Season Adaptation: While the
soybean may make a fairly satisfactory growth and
production of seed and forage under a wide range of soil
types, other conditions being favorable, a medium heavy
loam rich in fertility, especially in phosphorus, is best.
In addition to good fertility, especially in the mineral
constituents, phosphorus and potash, together with calcium
(lime), the seed to be sown may need inoculation before
planting. Such treatment will usually insure a satisfactory
crop even when the nitrogen content of the soil is only
moderate. Apparently the soybean crop will tolerate a
moderate amount of soil acidity. We have grown excellent
crops with a pH reaction of 5.8. Likewise does the crop adapt
itself to both moderately dry and moist soil conditions.
“Wilsie, formerly of the Hawaii Experiment Station,
got his best results from summer plantings harvested in
August and September (see comments above.) The writer
appears to have had equally good results when sowing the
seed at Haiku, Maui, at corn planting time, from February
to May, and following the potato crop harvested in May.
Nevertheless, as already pointed out, the length of the day
and possibly light intensity have doubtlessly considerable
influence on the flowering and seeding of this crop. It is
urgently recommended that private growers experimenting
with soybeans make successive plantings of a number of
varieties at monthly intervals throughout the best growing
season. Of course such experiments should be repeated for
several years to fix as reliably as possible the best general
cropping season.
“The tillage preparation of the soil for soybeans should
be similar to that accorded to corn, potatoes, and similar
crops, since a good seedbed is as essential in this case as
in any other. If the crop is to follow a machine harvested
potato crop, in which there is not too great a residue of green
vines as often happens under Hawaiian conditions when a
winter crop is grown in a moist season, several double-disc
harrowings may leave the soil in excellent condition for
sowing the soybean crop, thus saving considerable expense
in tillage.
“Unless the soil is known to be of good fertility
naturally, or through the residual fertilizer resulting from the
previous potato or other crop, 500 to 1,000 pounds of super
or reverted phosphate should be broadcasted and worked into
the surface soil layer to a depth of 4 or 5 inches at the last
discing. A more economical use of fertilizer is to apply the
fertilizer in the plant-drill at the time the crop is sown.
“(To Be Continued Next Sunday)”
Photos show: (1) “Ford six ton experimental oil
extracting plant. As the soybeans are fed in at the lower end
and rollers crush them, they then move into the long inclined
cylinder, in which, by means of a rotary screw elevator,
the bean flakes are given a thorough washing in high-grade
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gasoline, which extracts the oil. At the top of the incline the
oil passes into a container and the bean meal goes into a
compartment where steam cleanses it entirely from trace or
odor of the gasoline. The oil-free meal is then ready to be
made into plastic for making various parts of the Ford V-8.
“This small manufacturing unit has processed 1,200
tons of soybeans in a 200-day milling season or at the rate
of 6 tons per day, the product of less than 2,000 acres, the
minimum unit that can be operated at optimum profit. Hawaii
should be able to maintain such a plant.”
(2) “The modern combine adapted to harvesting
soybeans reduces the harvesting cost about one half.
Likewise is there much less loss in seed from shattering than
when the crop is harvested with a self binder and thresher
separately. Ten acres are readily harvested in a 10 hour day.”
Address: PhD.
705. Allison, F.E.; Ludwig, C.A.; Hoover, S.R.; Minor, F.W.
1940. Biochemical nitrogen fixation studies. I. Evidence for
limited nitrogen supply within the nodule. Botanical Gazette
101(3):513-33. March. [2 ref]
• Summary: Studies of the effects of increased oxygen
tension upon nodule respiration concluded that oxygen
tension was low within the tissue of soybean nodules.
Address: Bureau of Agricultural Chemistry & Engineering
U.S. Dep. of Agriculture, Washington, D.C.
706. Allison, Franklin E.; Ludwig, C.A.; Minor, F.W.;
Hoover, S.R. 1940. Biochemical nitrogen fixation studies.
II. Comparative respiration of nodules and roots, including
non-legume roots. Botanical Gazette 101(3):534-49. March.
[6 ref]
• Summary: “The purpose of the present study was to
determine to what extent nodule metabolism differs from
root metabolism, particularly that of legume roots. Since
nodules are filled with bacteria there seems to be a rather
widespread belief that their metabolism, as evidenced by rate
of respiration, is markedly higher than that of root tissues.”
Address: Bureau of Agricultural Chemistry & Engineering,
U.S. Dep. of Agriculture, Washington, D.C.
707. Hamner, Charles L. 1940. Growth responses of Biloxi
soybeans to variation in relative concentrations of phosphate
and nitrate in the nutrient solution. Botanical Gazette
101(3):637-49. March. Based on his 1940 PhD thesis, Univ.
of Chicago. Private edition distributed by Univ. of Chicago
Libraries. [8 ref]
• Summary: “Introduction: Experimental results from many
nutrient experiments have shown that, in general, if an
element is lacking or low in concentration in the nutrient
solution or soil solution, it will be lacking or present only
at very low concentrations in the plant. Also, an essential
element present in abundance in the nutrient solution will
probably be present in abundance in the plant, although its

concentration may vary with variation in environmental
factors...” Address: Hull Botanical Lab., Univ. of Chicago,
Chicago, Illinois.
708. Hamner, Karl C. 1940. Interrelation of light and
darkness in photoperiodic induction. Botanical Gazette
101(3):658-87. March. Contributions from the Hull
Botanical Laboratory 512. [12 ref]
• Summary: This classical research on photoperiodism
showed that the flowering of short-day plants, such as the
Biloxi soybean, is dependent upon exposure to a certain
minimum (‘critical’) dark period, and exposure to both light
and darkness is necessary for photoperiodic induction. The
number of nodes producing flower primordia is directly
proportional to the number of days of treatment in excess of
2 short days. The plants failed to initiate flower primordia on
any photoperiodic cycle which did not include a dark period
longer than 10 hours. Address: Hull Botanical Lab., Univ. of
Chicago, Chicago, Illinois.
709. Link, George K.K.; Eggers, Virginia. 1940. Avena
coleoptile assay of ether extracts of nodules and roots of
bean, soybean, and pea. Botanical Gazette 101(3):650-57.
March. [12 ref]
• Summary: Nodules from the red kidney bean, Biloxi
soybean, and Alaska pea have a greater content of auxones
(a general designation for plant growth substances) than the
denodulated roots and that these in turn possessed a greater
auxonic content than roots grown in sterilized substrates.
“Summary: 1. Ether extracts of nodules of bean and
pea were more active in effecting negative curvatures of
coleoptiles in the Avena test than those of denodulated roots.
These in turn were more active than those of roots grown in
sterilized quartz sand.
“2. The same relations, but less marked, were found for
nodules and roots of soybean...”
“6. It is inferred that the nodules of bean, soybean, and
pea have greater and different auxone contents than the
roots which bear them, and that these in turn have greater
and different auxone contents than the roots when grown in
sterilized substrates.” Address: Hull Botanical Lab., Univ. of
Chicago, Chicago, Illinois.
710. Haberlandt, Gottlieb F. 1940. Die Sojabohne [The
soybean]. Natur und Volk 70:183-88 (April). [Ger]
• Summary: Note: As Germany gets more and more
entrenched in World War II, Gottlieb Haberlandt, the eldest
son of Prof. Friedrich Haberlandt and a widely esteemed
botanist, reminds German leaders that the soybean could
contribute greatly to the Fatherland during the war.
Just as during the [first] World War, supplying the
German people with the quantities of fat and protein
necessary for adequate nutrition is again an important
problem. And just as people had been looking for new
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sources of fat and egg whites even then, efforts are now
being made to find such sources. And again, the eye falls
on an East Asian stranger, the soybean, the seeds of which,
as we have just mentioned, contain, on average, 18-22%
fat and 40% protein. That says enough. It therefore appears
appropriate to make other circles familiar with the soybean
and its uses.
The soybean (Soja hispida) belongs like the bean, pea,
lentil, lupine and others to the legume family, and is an
annual, vigorous herb of up to 1 m tall, with a sturdy stem
and blotches of reddish brown. The small flowers are pale
violet, growing close to the stem. The pods contain 3 to 15
seeds, whose color may be yellow, brown, black or green. In
size and shape, the soybean plant resembles those of peas or
beans.
In Europe, soybean appeared late, from the mideighteenth century onwards in the botanical gardens, but
attempts at acclimatization failed. Only in Southern Russia,
Romania, northern Italy, and southern France was it possible
to breed them on a much larger scale. But their significance
for the popular nutrition was not exactly meaningful.
Occasionally it was bred in South Tyrol, Istria and Dalmatia,
not for nutritional purposes, but as a coffee substitute.
In Austria-Hungary, apart from its southernmost
provinces, my father, Friedrich Haberlandt, Professor of crop
sciences (Pflanzenbaulehre) at the College of Agriculture in
Vienna (Hochschule für Bodenkultur in Wien), was the first
to systematically seek the introduction of the soybean to
central Europe. In 1873, at the Vienna World Exhibition, he
had acquired various varieties, including those from China
and Mongolia. At the experimental garden of his college he
now began systematic acclimatization experiments. Above
all, he wanted to ascertain whether the certain soybean
varieties would flourish in Central Europe and brings their
seeds to maturity in time.
The result was extremely favorable. Various earlymaturing varieties–in particular, those from Mongolia–could
be acclimated and, when planted in early May, already
provided as early as September abundantly perfectly matured
seeds of approximately the same size and same chemical
composition as that of the original seeds. From year to
year, more and more farmers and gardeners, to whom my
father supplied seeds, became more and more involved
in cultivation trials, which later included those from the
German Reich. In most cases, the experiments concluded
favorably, and in 1878 my father was in a summary small
work “The Soybean” (Vienna, Verlag Carl Gerold & Sohn)
with great satisfaction that the acclimatization of soybeans
in central Europe was successful. My father died too early in
1878, and thus the further promotion in favor of the soybean
fizzled out. The overly conservative sense of most farmers
was inhibiting, and the fact that soybeans imported from
China and Japan were cheaper to buy than to grow locally,
despite their customs and freight costs. This purely economic

point of view was probably decisive.
When the world war broke out in 1914, people
remembered the soybean and my father’ results. Once
again cultivation attempts were made, in which I also
participated; a commission of experts was put in place; they
acted diligently and prudently. The result was that there are
soybean varieties, which even in northern Germany at the
end of September provide fully ripe seeds. I have myself
have bred several varieties in the experimental garden of
the Plant Physiology Institute of the University of BerlinDahlem.
Page 187 last paragraph: After all, it is understandable
that the soybean in the East Asian homelands of the yellow
race is by far the most important crop after rice. Their intake
for human consumption takes place there through a special
fermentation process. “Miso” can fulfill the protein and fat
requirements of humans completely [sic] and to make meat
diets unnecessary. Also important in South Asia is soya milk
obtained by emulsification, from which again different types
of cheese [tofu] are prepared.
Page 188: In Europe, the piquant, appetite-stimulating
soy sauce was known about first; its cumbersome production
lasts for years. Of course, it does not have any appreciable
nutritional value, it’s just a gourmet’s treat.
As a foodstuff, however, soybeans still play only a
modest role in our country, even though, since the increase
in their imports from East Asia, they have been given
an opportunity to consider them when drawing up the
shopping list. When it comes to recipes that suggest the use
of soymeal, this has a certain downside in that the high-fat
soy flour easily becomes rancid with prolonged storage. It
therefore nourishes the unmilled soybeans cooked to pound
into a pulp. Such, according to my and other experiences, has
a fine taste reminiscent of hazelnuts. When complaints are
frequently made about soyfoods (Sojaspeisen) being bitter,
this is presumably due to the fact that there are ‘bitter’ and
‘sweet’ soybean varieties, as well as sweet lupins, which
have recently been bred alongside the bitter ones.
Finally, when it is said that roasted soybeans make a
very good-tasting coffee substitute, it may be a comfort to
many today, albeit a meager one.
Discussing the great importance of the soybean and its
foliage for livestock farming would go beyond the scope of
this essay.
Hopefully German farmers will learn from the current
war that the cultivation of soybeans is a patriotic act, even if
success does not happen overnight.
Photos: (1) A ripe, debittered potted soybean plant, bred
in Germany by Prof. Dr. Sessuns, Giessen.
(2) A mature soybean plant from the Kaiser-WilhelmInstitute for Breeding-Research in Müncheberg, MärkischOderland.–Breeder Prof. Dr. Rudorf.
(3) Soybean field at Darmstadt–Breeder Prof. Dr.
Sessuns.
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(4) Soy-breeding garden of the Reichs-Soybean breeding
(Reichs-Soja züchtung) program near Bad Nauheim.
Photograph by Prof. Dr. Sessuns.
Note: Thanks to Philip Isenberg for help with
translation. Address: Prof., University of Berlin.
711. Yakota, R.; Ito, H. 1940. [On difference of resistance
of soybean varieties to alkali soils. I. Germination].
Manchoukuo. Agr. Expt. Sta. Research Bulletin (Kung-ChuLing) 32:13-31. May. [Jap]*
712. Borthwick, H.A.; Parker, M.W. 1940. Floral initiation
in Biloxi soybeans as influenced by age and position of
leaf receiving photoperiodic treatment. Botanical Gazette
101(4):806-17. June. [5 ref]
• Summary: “Summary: 1. Individual leaves on a Biloxi
soybean when subjected to photoperiodic stimulation differ
in their capacities to cause floral initiation.
“2. The most effective leaf on the plant is the one that
has most recently attained its full size. Young leaves increase
in their capacity to effect floral initiation until they attain full
size, after which they gradually decline in effectiveness.
“3. The most active leaf, operating alone, is able to
cause initiation of as many flower buds per plant as are
formed when all leaves function simultaneously.
“4. The capacities of different leaves to supply a flowerforming stimulus is correlated with their relative states of
maturity and not with their distances from the growing points
where flowers are formed. When the flower-forming stimulus
from the third compound leaf passes downward through
two internodes to the bud in the axil of the first compound
leaf, it induces the formation of more flower primordia there
than does the stimulus from the first compound leaf which is
situated immediately adjacent to the bud.
“5. The flower-forming stimulus produced by the leaves
of soybeans moves readily both up and down the stem.”
Address: 1. Morphologist; 2. Physiologist; U.S. Horticultural
Station, Beltsville, Maryland.
713. Laughland, J.; Laughland, D.H. 1940. The effect of
age on the vitality of soybean seed (Abstract). Biological
Abstracts 14(6):1047. No. 11059. [1 ref]
• Summary: This is a summary of an article by these authors
with this title published in: Scientific Agriculture (Ottawa,
Canada) 20:236-37. Dec.
714. Dittmer, Howard J. 1940. A quantitative study of
the subterranean members of soybean. Soil Conservation
(USDA) 6(2):33-34. Aug. [2 ref]
• Summary: “A method to facilitate the study of a plant’s
adaptability for erosion control was proposed by the writer
three years ago (2). Soil samples 3 inches in diameter and 6
inches deep were taken with a cutting tube, and counts and
measurements were made of the included plant parts. These

samples were found sufficient for making predictions as to
a plant’s soil binding efficiency. The tool used for sampling
was an iron pipe with an inside diameter of 3 inches and
a tapered cutting edge to facilitate entrance into soil when
driven with a heavy maul. Samples were taken of widely
grown agricultural plants and counts and measurements were
made of their subterranean members. Complete quantitative
data of Kentucky blue, grass, oats, and winter rye also have
been published (3).
“The soybean (Soja max Illini) was selected for this
study because it is of great economic importance and
is widely used in crop rotation even on fields subject to
erosion. Soil samples similar to those previously mentioned
were taken from a field under cultivation that had then
been planted for its third successive year in soybeans. The
yield was between 35 and 40 bushels per acre. The soil was
carefully washed from the root members, and quantitative
data were obtained through counts and measurements of
the roots and root hairs. Table 1 gives the statistical data
for the subterranean members of soybeans. The taproot
system of soybean is very poorly adapted for erosion
control. Most of the branching is from 1 to 2 inches below
the surface, giving the topsoil very little protection. The
taproot has an average diameter of 2.5 mm, and this accounts
for considerable volume but comparatively little exposed
surface area for contact with the soil. The secondary roots,
although not very numerous, expose more surface area than
any other root division. Tertiary roots (those arising from
the secondary members) were the most numerous and had
the greatest total length. However, because of their small
diameter, their surface area was smaller than that of the
roots of the preceding category. Although they divide as
far as the quaternary division, the roots of this category are
exceedingly small; they average only 4 mm. in length and in
all expose only 4.6 square inches of surface area.”
“Root hairs of soybeans were different in appearance
from those of the grasses previously studied. They were
very short (90 to 110 microns) and of comparatively large
diameter (14 to 17 microns). Because of their size, root
hairs of soy. beans are poorly adapted for binding soil.
Their total surface area is small and they do not extend far
from the roots. On the other hand, root hairs of grasses are
long and small in diameter, cover a larger area and expose
considerable surface. It is this large surface area exposed by
root-hair members that is so important in binding soil.
“Table 2 presents in summary the quantitative data of
the subterranean members of the roots and root hairs of three
grasses in comparison with soybean. Blue. grass has over 50
times the surface area exposed by soybean. Winter rye has
nearly 30 times and oat has 12 times the subterranean surface
of soybean. Kentucky bluegrass, because of its habit of
growth, covers the soil much more efficiently than any of the
other plants. Its fibrous root system grows evenly and forms
a compact mat. Its prodigious number of roots and root hairs
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present a large surface area potentially in contact with the
soil.
“Very significant in soil studies is the volume occupied
by subterranean members. The last column of table 2 shows
the volume expressed in percent. Soybean has fewer root
members and exposes very little surface, but occupies more
volume in the soil than either oats or rye and about one-third
the volume occupied by bluegrass although the latter has
over 50 times the surface area of soybean.
“A dicotyledonous plant increases its conductive
capacity by increasing its diameter in secondary thickening.
Monocotyledonous plants, lacking cambium, increase their
conductive capacity by increasing the number of main
roots arising directly from the stem. This fibrous-type root
system is typical of grasses and binds the surface soil tightly.
A taproot system, as found in soybean and many other
dicotyledonous plants, penetrates the soil deeply but does not
bind the surface soil.
“All soil in direct contact with roots and root hairs may
be considered bound. Particles of soil closely held between
the subterranean members may also be considered free
from erosion. Consequently, monocotyledonous plants with
their small but numerous roots and root hairs and enormous
surface are far more efficient than most dicotyledonous
plants.
“The role of these four plants in binding soil has been
known by soil conservationists for some time. This study
shows, however, why Kentucky bluegrass is superior to
the other plants and why soybean is a very poor plant to be
grown on fields subject to erosion. It shows also that the soilbinding potentialities of a plant may be determined in a very
short time by making quantitative studies of its roots and root
hairs.”
Tables show: (1) “Data showing totals for soybean
roots and root hairs in a soil sample 3 inches in diameter
and 6 inches deep (42 cubic inches).” (2) “Data showing
comparative totals for all roots and root hairs in a soil sample
3 inches in diameter and 6 inches deep (42 cubic inches).”
Address: Instructor of Botany, Chicago Teachers College,
Chicago, Illinois.
715. Vanderford, H.B. 1940. Effect of different lime levels
on the growth and composition of some legumes. J. of the
American Society of Agronomy 32(10):789-93. Oct. [5 ref]
• Summary: “Summary: Some Grenada silt loam which
was low in exchangeable bases was treated with calcium
carbonate so that 25, 50, 75, and 100% of the titratible
hydrogen was neutralized. Soybeans, Korean lespedeza,
and sweet clover were grown on the soil which was treated
with calcium carbonate in order to obtain five base levels,
including a check series for each crop.
“The yields of soybeans, lespedeza, and sweet clover
increased with increasing additions of calcium carbonate, but
the increase was not of a uniform magnitude for each of the

three legumes.
“The calcium content and the total amount removed
by the plants increased with each increasing increment of
calcium in all the crops grown...” Address: Mississippi Agric.
Exp. Station, State College, Mississippi.
716. Withrow, R.B.; Withrow, Alice P. 1940. The effect
of various wavebands of supplementary radiation on the
photoperiodic response of certain plants. Plant Physiology
15(4):609-24. Oct. [13 ref]
• Summary: Experiments with 3 long day and 4 short day
plants, including soybeans (Soja max, variety Mukden).
“The results secured in this investigation indicate that it
is the longer wavelengths of the visible spectrum which are
primarily effective in producing the flowering and vegetative
effects secured under long day treatments with both the long
and short day plants used. The initial photo-chemical step
appears to be similar for all the plants.” Address: Dep. of
Horticulture, Indiana Agric. Exp. Station, West Lafayette,
Indiana.
717. Parker, M.W.; Borthwick, H.A. 1940. Floral initiation
in Biloxi soybeans as influenced by photosynthetic activity
during the induction period. Botanical Gazette 102(2):25668. Dec. [6 ref]
• Summary: “Introduction: Previous investigations (1, 4)
have shown that photoperiodic induction in two typical
short-day plants, Biloxi soybean and Xanthium, is dependent
upon both light and dark periods of certain lengths. While the
exact nature of the reactions affecting induction during either
the light or the dark periods is unknown, it has been shown
that the soybean requires light of at least 100 foot-candles’
intensity if induction is to occur (2).”
“Summary: 1. Initiation of flower primordia in Biloxi
soybean was limited by controlling photosynthesis during
induction. This was done in one case by controlling the
CO2 supplied to the plants and in another by controlling the
duration of high-intensity light.
“2. When no CO2 was supplied during 8-hour
photoperiods, no initiation of primordia occurred. Plants
that received the CO2 contained in natural air during 2, 4, 6,
and 8 hours of each photoperiod produced flower primordia
in proportion to the duration of time the natural air was
supplied.
“3. Plants that received only 1 hour of high-intensity
light during an 8-hour photoperiod formed no flower
primordia. Those that received 2 hours or more of highintensity light during the photoperiod produced increasingly
larger numbers of flower primordia as the duration of highintensity light increased.
“4. Increased concentration of CO2 in natural
air resulted in increased floral initiation.” Address: 1.
Physiologist; 2. Morphologist. Both: U.S. Horticultural
Station, Beltsville, Maryland.
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718. Snyder, William E. 1940. Effect of light and
temperature on floral initiation in cocklebur and Biloxi
soybean. Botanical Gazette 102(2):302-22. Dec. Based
on his 1940 PhD thesis, Univ. of Chicago. Private edition
distributed by Univ. of Chicago libraries. [14 ref]
• Summary: “In recent work with Biloxi soybean (Soja max)
and cocklebur (Xanthium pennsylvanicum), Hamner (1940)
has shown that periodic induction takes place as a result of
reactions that occur during both the light and the dark period
of a photoinductive cycle.” Address: Hull Botanical Lab.,
Univ. of Chicago, Chicago, Illinois.
719. Giesecke, F.; Lin, Y.L. 1940. Steigende
Kaliumsulfatgaben in ihrem Einfluss auf Ertrag und
Zusammensetzung der Sojabohne [Increasing use of
potassium sulfate fertilizer in its influence on the yield and
composition of soybeans]. Ernaehrung der Pflanze (Die)
36(7):73. [Ger]*
• Summary: Experiments showed that heavy applications
of potassium sulfate increased the yield and oil content of
soybean seeds, but lowered the yield of straw. The vegetative
period was shortened.
720. Makino, Tomitarô. 1940. Nippon shokubutsu sôran [A
illustrated flora of Nippon with cultivated and naturalized
plants]. Tokyo: Hokuryûkan. 13 + 1070 + 29 + 72 + 11 p.
Illust. (some color). Index. 24 cm. [Jap]
• Summary: The frontispiece is a portrait photo of Dr.
Makino. Two entries related to the soybean appear on p.
407, each with its Japanese (hiragana) and Chinese (kanji)
characters a large and detailed illustration of the plant
showing stems, leaves, pods, seeds, and flowers.
(1) Jap: Tsurumame. Glycine soja Sieb. et Zucc. (=G.
ussuriensis Reg. et Maack).
(2) Jap: Daizu. Glycine max Merrill. (=G. hispida
Maxim.). Address: Dr. Sc. [Japan].
721. Mitra, S.K. 1940. Annual report of the economic
botanist, Assam. Annual Report of the Department of
Agriculture, Assam For the year 1938-39. See p. 111, 126.
• Summary: “Soybean.–Nine varieties of soybean were
grown in pure cultures and observations were made with
regard to the following characters:–(1) Habit, (2) Ability to
retain leaves, (3) Number of pods per plant; (4) Colour of
seed, (5) Shattering habit and (6) Maturity.
“In view of the success of soybean as a Kharif crop in
almost all the districts of Assam, a good number of varieties
are being collected for a systematic investigation with this
important crop.
“Small quantities of seeds of the type ‘Chocolate’ for
grains and the type ‘Black’ for green fodder which are the
best among the varieties grown here have been distributed
to several persons who are very much interested with this

crop.”
Page 126 states: “17. Soybean. Cercospora was noticed
in the Upper Shillong Farm. The extent of attack was not
very negligible in the seedling stage. But this being a week
parasite, no step was necessary. The plants revived with
age.” Address: Assam, India.
722. Nye, G.W.; Jameson, J.D. 1940. Reports of the
botanical section: Report of the Senior Botanist. Uganda
Protectorate Department of Agriculture, Annual Report. Part
II. p. 32-43. For the year ended June 30, 1939. See p. 42.
• Summary: The section titled “Soy Beans” states: “Small
increase plots of imported types, restricted to yellow beans
only, were planted in both seasons for observation.” The
following shows the variety name, country of origin (in
parentheses), yield (lbs/acre) of the March-sown crop,
and yield of the September-sown crop: Local (Venezuela)
922, 958. Barberton Y 1 (South Africa) 536, 550. Palmetto
(USA) 647, 773. R 42 (South Africa) 819, 937. R 51 (South
Africa) 690, 735. R184 (South Africa) 712, 966. R 42 a
(South Africa) 851, ---. Note that the variety named “Local”
gave the best yields. Address: 1. Senior Botanist, Botanical
Section, Bukalasa, Uganda; 2. Agricultural Officer.
723. Sampaio, Sebastiao C. 1940. Soja [Soybeans]. Sao
Paulo, Brazil: Tipografia Brasil, Rothschild Loureiro & Cia,
Ltda. 43 p. Secretaria da Agricultura, Industria e Comercio
do Estado de Sao Paulo. [20 ref. Por]
• Summary: Contents: Introduction: Soya. Botanical
description. Varieties. Composition of the plant. Culture/
cultivation. Enemies and pests. Improvement of the seeds:
Improving the oil (óleo dos graos de soja), improving the
cake and flour, other improvements. Commerce and trade.
This general book draws heavily on U.S. publications,
including Piper and Morse, 1923. The section titled “other
improvements” (p. 38-39) briefly mentions many food uses
of soybeans, including vegetable-type soybeans (Easycook
and Hahto), green vegetable soybeans (Quando verdes...
elas constituem ótimo legume verde = when green... they
constitute an excellent green vegetable), sprouted seeds
(sementes germinadas), soy flour, soymilk (leite de soja),
soy casein, soy cheese (queijos e requeijoes) [tofu], shoyu,
and miso. The Japanese colony in Sao Paulo makes shoyu in
commercial quantities.
Note 1. This is the earliest Portuguese-language
document seen (June 2009) that mentions green vegetable
soybeans, which it describes as shown above.
Note 2. This is the earliest Portuguese-language
document seen (Sept. 2016) that uses the term óleo dos graos
de soja to refer to soybean oil.
Note 3. This is the earliest Portuguese-language
document seen (Jan. 2013) that mentions sprouted soybeans,
which it calls sementes germinadas.
Note 4. This is the earliest Portuguese-language
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document seen (April 2013) that uses the term queijos e
requeijoes to refer to tofu. Address: 3a Seccao Tecnica do
Departamento do Fomento da Producao Vegetal, Sao Paulo,
Brazil.
724. Wilson, Perry William. 1940. The biochemistry of
symbiotic nitrogen fixation. Madison, Wisconsin: The
University of Wisconsin Press. xiv + 302 p. Illust. Index. 24
cm. [708+* ref]
• Summary: An outstanding, comprehensive book. An early
classic. Soy is mentioned on about 98 pages in this book.
Contents: I. The Nitrogen Economy of Man and Nature:
The Problem. Immobilization of Soil Nitrogen. Restoration
of Immobilized Nitrogen. Losses of Nitrogen. Gains of
Nitrogen.
II. Leguminous Plants in Agricultural History:
Agriculture in Ancient Greece and Rome. The Medieval
Period of Agriculture. The Beginnings of Agricultural
Science. The First Controversy: Nitrogen Fixation by Plants.
Origin of Modern Controversies.
III. The Biochemistry of the Bacteria: General Survey of
the Root Nodule Bacteria. Special Nutritive Requirements.
Influence of Physical-Chemical Characteristics of Medium.

The Vitamin B Complex. The Bios Complex. Nitrogen
Metabolism of the Root Nodule Bacteria. The Carbon
Metabolism of the Bacteria. Growth and Respiration.
Respiratory Enzymes.
IV. The Interaction of Host and Bacteria: Production of
the Nodule. Biological Factors Influencing Fixation. Strain
Variation. Host Plant Specificity. Bacteriophage. Rate of
Fixation. Symbiosis and Accessory Growth Substances.
V. Fixation of Nitrogen by Bacteria and Plant: The
Bacteria as the Agent of Fixation. Olaru’s Experiment.
Golding’s Experiments. Use of Accessory Growth
Substances. The Plant as the Agent of Fixation. Fixation by
Germinating Seeds. Applicability of the Kjeldahl Method to
Biological Nitrogen Fixation Studies. An Absolute Method.
Fixation through Association of Plant and Bacteria. Fixation
by Nodulated Leguminous Plants. Fixation by Excised
Nodules.
VI. The Carbohydrate-Nitrogen Relationship in
Symbiotic Nitrogen Fixation: Experimental Bases for the
Theory. Effect of Combined Nitrogen. Effect of Carbon
Dioxide. Addition of Carbohydrate. Light Intensity.
Statement of the Hypothesis. Test of the Hypothesis.
Mechanism of Control.
VII. Excretion of Nitrogenous Compounds by Legumes:
Explanations of the Practice of Mixed Cropping. Early
Investigations on Excretion of Nitrogen by Legumes. Recent
Studies on the Excretion of Nitrogen. The Joint Experiments
at Helsinki. Factors Controlling Excretion.
VIII. The Chemical Mechanism of the Fixation
Process: Nitrogen Metabolism of Green Plants. The
Ammonia Hypothesis. Occurrence of Ammonia in
the Nodule. Ammonia as an Intermediate in Nitrogen
Fixation by Azotobacter. The Hydroxylamine Hypothesis.
Hydroxylamine and Related Products in Symbiotic Nitrogen
Fixation. Hydroxylamine as an Intermediate in Nitrogen
Fixation by Azotobacter. The Organic Nitrogen Hypothesis.
Comparative Metabolism Studies. Examination of the
Hypotheses.
IX. Physical-Chemical Characteristics of the Enzyme
System: Physical-Chemical Studies of Nitrogen Fixation
by Azotobacter. The Symbiotic Nitrogen Fixation System.
The pN2 Function. Hydrogen as a Specific Inhibitor. The
pO2 Function. pH and Minerals. Energetics of Symbiotic
Nitrogen Fixation.
X. Some Practical Applications: Associated Growth
of Legumes and Non-legumes. Corn and Soybeans. Other
Forage Mixtures. Pasture Mixtures. Other Aspects of Mixed
Cropping. Combined Nitrogen and Leguminous Plants.
Combined Nitrogen in Mixed Cropping-Free vs. Combined
Nitrogen for Nutrition of Legumes. Artificial Inoculation of
Leguminous Crops. Carbon Dioxide Fertilization. Minerals
and Symbiotic Nitrogen Fixation. Soil Gases.
XI. Concluding Observations.
List of Plates: The book contains 34 plates (each on
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glossy paper, on unnumbered pages), 27 figures (illustrations,
charts, etc.), and more than 22 tables.
One feature of the extensive bibliography (708+ entries)
is that with each entry, the page(s) in the book where that
entry is cited are given. This enables the reader to understand
what the author said about a particular article or book.
This book is dedicated “To Edwin Broun Fred who
for a quarter of a century has provided the inspiration and
leadership for the research at this station. No work on
biological nitrogen fixation from the University of Wisconsin
would be complete that did not acknowledge his many
contributions. His first studies in the field were begun in
1907 while he was still an undergraduate at the Virginia
Polytechnic Institute. These were continued through his
doctorate, taken at the University of Gottingen, and formed
the basis of his first investigations after he joined the faculty
of the University of Wisconsin in 1913. The research he
has done since that time, and the service he has rendered in
training others, are too well known to require elaboration
here. It is with deep satisfaction that acknowledgment is
made of the aid and counsel he has given at every stage
of the work. His unfailing interest has stimulated both the
research and the writing of this volume.”
Although soy is not listed in the index, the word appears
on the following pages: p. xiii, p. 43 (mentioned twice;
questions the value of cross-inoculation groups), p. 44
(mentioned twice), p. 46, p. 47, p. 48 (mentioned 3 times;
table comparing the chemical composition of cells and gum
of root nodule species), p. 59 (use of amino acids by the
rhizobia bacteria), p. 60, p. 62 (mentioned twice; carbon
metabolism of the root nodule bacteria), p. 67 (mentioned 3
times; the biochemistry of the bacteria), 68 (in both parts of
Tables 6; Rate of respiration of various tissues–for soybean
tops, roots, whole nodules, sliced nodules, crushed nodules,
homogenized nodules, 4-day hypocotyls; percentage
of respiration of total plant–soybean: tops 27.8%, roots
65.8%, nodules 6.4%), p. 69 (mentioned twice; all species
of root nodule bacteria require at least some oxygen for
growth), p. 70 (in table; soybean culture 505), p. 73 (the
interaction of host and bacteria; production of the nodule),
p. 79, p. 83, p. 88-89 (Table 7: Comparison of uptake of
free and ammonium nitrate nitrogen by soybean, based
on “greenhouse experiments with soybeans made at the
Wisconsin station”), p. 106 (“soybean” on top line), p. 110
(Whiting, 1915, finds that the nodules are the seat of nitrogen
fixation), p. 119 (mentioned twice; Giöbel 1926), p. 120-122
(Table 12, with data from Giöbel 1926; Table 13 with two
graphs showing “The effect of nitrate on reducing sugar in
the sap of soybean plants; one is after 4½ weeks and the
other after 5½ weeks), p. 126, facing p. 127 (Plate 14: two
glossy photos showing “Effect of shading on growth of,
and nitrogen fixation by, soybean plants grown in sunlight
of high intensity” {Orcutt & Fred 1935}), p. 131 (Rüffer,
1932). p. 136 (mentioned three times; Reid 1936, Orcutt &

Fred 1935), p. 138, p. 154 (Wilson & Wyss, 1937), p. 17981 (Orcutt 1937), p. 182-183 (Umbreit & Burris, 1938),
p. 186, (“soybean nodules contain little true arginine”), p.
209, p. 211, p. 213 (mentioned twice), p. 215, p. 216, p. 225
(“Corn and soybeans”), p. 226 (mentioned 4 times’ Table 21:
“Field results of associated growth of corn and soybeans”),
p. 227 (mentioned 3 times), p. 228 (mentioned 4 times), 229
(mentioned twice), 244 (mentioned twice), p. 253, p. 261 on
(References); p. 262, p. 264, p. 267, p. 269-272, p. 274, p.
276, p. 278, p. 281, p. 284-285, p. 286 (mentioned twice), p.
291, p. 296, and p. 299.
A review in 1940 by C.A. Shull stated: “The book is
well written, and is worthy of careful reading by anyone
who wishes a comprehensive summary of the entire field of
nitrogen fixation by bacteria and legumes. The 32 pages of
literature citations will be useful in obtaining more complete
treatment of particular phases. There are 34 full-page
plates and 27 text figures. A short subject index adds to the
usefulness of this valuable treatise.” Address: Assoc. Prof.,
Agricultural Bacteriology, Univ. of Wisconsin.
725. Blanchard, M. 1941. Cycle végétatif du soja en
France [Vegetative cycle of soybeans in France]. Comptes
Rendus des Seances de l’Academie d’Agriculture de France
27(7):420-29. April. [2 ref. Fre]
• Summary: “Since 1935 we have pursued several
agronomic trials with soybeans at the central station for seed
trials and in the region of Paris.” The author obtained yields
of 1,500 to 1,700 kg/ha. Address: Directeur Intérimaire de la
Station d’Essais de Semence, France (near Paris).
726. Bond, G. 1941. Symbiosis of leguminous plants and
nodule bacteria. I. Observations on respiration and on the
extent of utilization of host carbohydrates by the nodule
bacteria (Open Access). Annals of Botany 5(2):313-37. April.
New Series. [26 ref]
• Summary: Experiments with soya beans. “Summary:
Determinations have been made of the rates of evolution of
respiratory carbon dioxide from the nodules, roots, and tops
of intact leguminous plants (soya bean) growing in water
(or solution) culture. The values for root respiration were
established by means of observations on non-nodulated
plants receiving nitrate-nitrogen. The determinations were
made at three different stages in the development of the
plants.
“Though considerable variation in results was
experienced, on each occasion the respiration per unit dry
weight of tissue was in the nodules approximately three
times that of the roots. On an absolute basis the combined
respiration of all the nodules on given plants was greater,
though to a varying extent, than that of the roots. At a stage
shortly prior to flowering, the nodular respiration amounted
to 25 per cent, of that of the plant as a whole, the roots
accounting for 18 and the top for 57 per cent. It is presumed
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that these figures indicate also the respective consumption of
carbohydrate for respiratory purposes by the various parts of
the plant.
“During a period extending from shortly before
flowering to the stage of early fruit formation, the
consumption of carbohydrate within the nodules of a
plant amounted to 16 per cent, of the total carbohydrate
synthesized by the host plant during the period. For each mg.
of nitrogen fixed during this period there appears to have
been a consumption of 19 mg. of carbohydrate within the
nodules. These figures should be regarded as approximations
only.
“Evidence is advanced which suggests that the bacteria
probably accounted for something like three-quarters of the
respiration of the nodule as a whole.
“The accuracy of these conclusions is dependent
especially upon the extent to which the rate of formation of
carbon dioxide is a satisfactory basis for the comparison of
the utilization of carbohydrate in the catabolism of different
biological material. Other sources of error are discussed
in the text.” Address: Botany Dep., Univ. of Glasgow
[Scotland].
727. Asprey, G.F.; Bond, George. 1941. Respiration of
leguminous root nodules (Letter to the editor). Nature
(London) 147(3735):675. May 31. [4 ref]
• Summary: “A previous communication from one of us
(Bond 1939) referred to the observations on the rate of
evolution of respiratory carbon dioxide from leguminous
root nodules still attached to the plant... A brief report is
presented here of other observations... on detached nodules.”
“The observations were made at a temperature of 25ºC.
on nodules taken mostly from Manchu soya bean plants
growing in solution culture.”
“In twelve experiments with nodules of various sizes
from soya bean plants inoculated with Wisconsin strain No.
505 of the nodule organism, values ranging from 2.31 to 6.25
were obtained for oxygen intake...” Address: Botany Dep.,
Univ. of Glasgow [Scotland].
728. Sosa-Bourdouil, Cécile; Brunel, A.; Sosa, A. 1941. Sur
la composition des gousses et des graines de Soja au cours
du développement [The composition of soybean pods and
seeds during the course of their development]. Comptes
Rendus des Seances de l’Academie des Sciences (Paris)
212(14):1049-51. June 16. [Fre]
• Summary: We studied, based on the same material, the
evolution of carbohydrates, lipids, proteins and some
diastases during the development of the soybean (Soja
hispida Mnch.) with yellow seeds cultivated in Paris. We
collected fruit at the same time at various stages (I to IV)
and analyzed the pods (gousses) and the seeds (graines)
separately, except at the beginning, when the seeds were too
small to be separated (stage O).

We first summarize the essential characteristics of the
two structures, as regards the proportions of the various
parts, expressed in grams per 100 g of dry matter. Overall,
for the seeds we observed an accumulation of proteins
(4.4-5.1 of proteic nitrogen), lipids (10.4-18.5), and soluble
carbohydrates (5.3-9.2), while the pods evolved in the
opposite direction. The substances that we studied also show
different characteristics in detail.
Soluble carbohydrates.–Initial reducing sugar is present
at all stages, but at the beginning it is four times more
abundant in young pods than in seeds; over the course
of development it decreases in both structures. Sucrose
(saccharose) accumulates in the seeds, and stachyose is
present from the beginning; the holoside stachyose is absent
from the pods, where sucrose gradually disappears.
Ascorbic acid is present in young seeds (0.13 in I) amid
significant levels of free reducing sugar; the pods contain
much less (0.01 in I).
Lipids.–The average molecular weight of fatty acids
increases from 262 to 291 in seeds, and the iodine index
of the lipidic extract increases from 93 to 129; this index
is considerably lower in the pods (64 to 89). The level of
unsaponifiables per 100 g of ether extract there is higher (1419 instead of 5.5-1.6).
Nitrogenous substances.–At no stage are nitrates present.
Both structures become depleted of soluble nitrogen–
particularly of ammoniacal nitrogen and amide nitrogen–
over the course of development. Allantoin disappears in
the seeds, while its level increases in the pods, where it is
four times more abundant in the final stage; allantoic acid
decreases from the beginning in the seeds, then remains
constant; in the pods, it reaches a maximum in I, then
disappears.
Diastases.–The seeds are 33 times lower in saccharase
at the beginning than the pods, where this level rapidly
decreases; they are ten times richer in beta-glucosidase and
15 times richer in amylase (stage I), while no significant
quantities of starch are present. The level of maltase is low.
Uricase activity increases in the seeds; the opposite is seen
in the pods. Allantoinase is at its most abundant in the young
seeds; we see the same type of changes in the pods. The
urease activity of the seeds is very high, [and] in the pods it
decreases rapidly. Allantoicase is present only in the young
seeds.
We relate the results to a structure characterized by its
state of development: we represent this state by the average
dry weight of a seed and a pod at corresponding stages.
Between the two structures there is a particularly significant
path difference in development between stages III and IV,
where the growth rate of the seed is significant (20%), while
that of the pod is very slow (1.2%). The pod, a temporary
(transitoire) structure, empties itself of its reserves and dies,
while the seed accumulates the materials subsequently used
by the embryo. To these different fates correspond distinct
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chemical activities, as is highlighted by the quality of the
materials and their entire evolution, as illustrated by the
graphs opposite.
The accumulation path of proteins, lipids and
carbohydrates is shown for seeds by rising straight lines,
whereas for pods, the curves pass through a maximum
[value].
Note: In the middle of page 1050, three graphs (side by
side) pertain to the seeds and three more to the pods. Below
them are the following:
Comments.–We note once again that the activity of
diastases does not always correlate with the quality and
quantity of the materials on which they may act. Over the
course of development, the accumulation of proteins is more
active at the beginning than that of carbohydrates and lipids.
The ratio of soluble carbohydrates to lipids, being constant,
gives no information on lipogenesis, in situ, at the expense
of carbohydrates. In the pods, allantoic acid undergoes the
same changes as do proteins. Allantoin disappears at the end
of seed development, as does ascorbic acid. We also know
that these substances reappear over the course of germination
as the embryo develops. This parallel evolution appears to
correspond, on the one hand, to the formation (construction)
of protein substances (allantoin), and on the other hand, to
the intensity of oxidation-reductions (ascorbic acid) during
periods when the chemical activity of the living matter
increases to a very high level.
Note: Translated by Laura Friend (MA, CT), Port
Orchard, Washington. Address: Paris, France.
729. Borthwick, H.A.; Parker, M.W.; Heinze, P.H. 1941.
Influence of localized low temperature on Biloxi soy
bean during photoperiodic induction. Botanical Gazette
103(4):792-800. June. [9 ref]
• Summary: “Summary: 1. The influence of low temperature
in suppressing flower-bud initiation in Biloxi soybean has
been considered from three points of view: its influence upon
the differentiation of flower buds from the meristems; its
influence on translocation of a flower-forming stimulus from
the leaves to the growing points; and its influence upon those
processes in the leaf that bring about flower-bud formation.
Data are presented on the first two of these points; the last is
being subjected to further investigation.
“2. Fewer flower buds were formed in response to a
4-day induction treatment on plants bearing a single leaf if
the terminal buds or the petioles were cooled to 3ºC. than if
they were not cooled. When the temperature was raised to
10ºC. the inhibiting effect on flowering decreased in both
types of experiments, but even at this temperature only
slight growth of the terminals occurred during the induction
treatment.
“3. Petiole-cooling experiments involving plants with
two leaves indicate that inhibition of flowering resulted
from the influence of low temperature on the transport

of a flower-forming stimulus.” Address: 1. Physiologist;
2. Morphologist, U.S. Horticultural Station, Beltsville,
Maryland.
730. Shive, John W. 1941. The balance of ions and oxygen
tension in nutrient substrates for plants. Soil Science
51(6):445-60. June.
• Summary: “There are two general concepts concerning
the balance of ions in nutrient substrates for plants. The first
of these proposes that exact proportions of ions in a nutrient
substrate for plants are not particularly important, or that
exact balance can have little significance with respect to
plant responses. As long as no actual deficiency of any of
the essential nutrient ions occurs, the solution is considered
satisfactory. The second concept is that for any given set of
factors external to the nutrient substrate there can be only
one set of proportions of the...”
731. Struckmeyer, B. Esther. 1941. Structure of stems in
relation to differentiation and abortion of blossom buds.
Botanical Gazette 103(1):182-191. Sept. [7 ref]
• Summary: Biloxi soybean was one of five species studied.
Address: Dep. of Horticulture, Univ. of Wisconsin, Madison,
Wisc.
732. Oexemann, S.W. 1941. Relation of the effects of
seed weight to roots and tops of two varieties of soybeans.
Transactions of the Illinois State Academy of Science
34(2):75-76. Dec. *
Address: Dep. of Agriculture, Western Illinois State
Teachers’ College, Macomb, IL.
733. Pal, B.P.; Murty, G. Suryanarayana. 1941. Studies
in the vernalization of Indian crop plants. I. Preliminary
experiments on gram, wheat, chilli and soybean. Indian J. of
Genetics & Plant Breeding 1:61-86. Dec. [18 ref]
• Summary: Vernalization is the process of hastening the
flowering or fruiting of plants by treating the seeds or
seedlings, so as to induce a shortening of the vegetative
period.
The cumulative index to this journal for volumes 1-10
(1941-50) shows this to be the only article on soybeans
during that time period. Address: Imperial Agricultural
Research Inst. (IARI), New Delhi.
734. Krugel, C.; Dreyspring, C.; Heinrich, F. 1941.
Phosphorsaeure- Staffelungsversuche mit Sojabohnen
in Gefaessen [Phosphoric acid step-by-step experiments
with soybeans in containers]. Bodenkultur und
Pflanzenernaehrung 10(5/6):307. [Ger]*
735. Blanchard, Marcel. 1941. Le soja en France: Ses
possibilités culturales. Ses débouchés industriels. Son
intérêt économique [The soybean in France: Its cultural
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possibilities. Its industrial outlets. Its economic interest].
Paris: Societe d’Editions Geographique, Maritimes et
Coloniales, 17 rue Jacob, 6eme. ii + 200 p. Illust. 22 cm.
[158 ref. Fre]
• Summary: Contents: Introduction. Part 1: Cultivation of
soya. 1. The soybean. 2. Soybean cultivation worldwide.
3. The varieties of soybeans. 4. The requirements of the
soybean crop. 5. Sowing soybeans. 6. The soybean during its
vegetative stage. 7. Harvesting soybeans. 8. Mixed cropping
and intercropping of soybeans. 9. The enemies and diseases
of the soybean.
10. History of soybean cultivation in France
(introduction in 1739 at Jardin des Plantes under direction of
Buffon, 1850–National Society for Acclimatization, around
1880 MM Vilmorin-Andrieux, M. Paillieux, M.P. OlivierLecq, Messrs. Lechartier, Denaiffe, Dr. Le Goff, Boulanger
& Dausse, Brioux, Semichon, Carle de Carbonnières,
Rouest, de Guerpel).
11. The vegetative cycle of the soybean in France. 12.
The soybean at the various French agricultural research
centers (les Centres de Recherches agronomiques français)
including Centre de Versailles, Station de Dijon, de Colmar,
de Clermont-Ferrand, d’Antibes. 13. The possibilities of soya
in France in terms of its cultivation.
Part 2: The nutritional value of the soybean. 1. The

nutritional value of the soybean.
Part 3: Utilization of soya. 1. Soybeans in the farm
economy. 3. The soybean in human nutrition and in industry.
Part 4: The soybean from an economic viewpoint. 1.
Commerce and trade in soybeans and soybean products
up to Sept. 1939. 2. The present economic possibilities
of the soybean in France. Conclusion. Bibliography. 16
illustrations. 8 maps.
The introduction begins: “In a letter written on 15
Jan. 1935, on board the Chenonceaux which was sailing
toward Shanghai, Li Lu-Ying [sic, Li Yu-ying], president
of the National Academy of Peiping (l’Académie Nationale
de Péping) offered to furnish us with the translation of
important documents in the Chinese, Japanese, and Russian
languages concerning all aspects of soya. Let him find here
the expression of our gratitude, because he introduced us to
a plant, in which there is more interest abroad than in the
country of its origin.”
The publisher was formerly named Maison Challamel,
founded in 1839.
Illustrations show: (1) The branch of a soybean plant,
with the flowers and young pods, enlarged 3x. (2) The flower
of a soybean plant as it is about to open, enlarged 5x. (3)
A soybean branch with mature pods and leaves, enlarged
2x. (4) Two views of a soybean seed with parts labeled.
C = chalaza (chalze). H = hilum (hile). M =
micropyle (micropyle). R = radicle (radicle).
A-H = hypocotyl axis (germ) (axe hypocotylé).
G = raphe, bud, leaf-bud (gemmule). Enlarged
3x. Note: The raphe is a small grove extending
to the chalaza, where the integuments were
attached to the ovule proper.
(5) Microscopic view of a transverse
section of the seedcoat: C.P. = palisade layer
of cells (cellules en palisade). C.S. = hourglass
cells (cellules en sablier). P.E. = spongy
parenchyma (parenchyme externe). C.A. =
aleurone layer (cellules à aleurone). P.I. =
remains of parenchyma cells of endosperm or
internal parenchyma (parenchyme interne).
Enlarged 247x. (6) Cells of the epidermis facing
the microscope. Enlarged 460x. (7) Microscopic
view of a transverse section of a cotyledon, two
views, showing starch grains (grain d’amidon),
oil droplets (oléolaste), and aleurone grains
(grain d’aleurone; high in protein). (7a) Six
large maps of soy in Asia and in Oceania, in
North America and in South America, in Europe
and in Africa in 1939 (p. 12-36). (8) Nodules
containing nitrogen-fixing bacteria on the
roots of a soybean plant (p. 66). (9) Planting
soybeans; a man walks behind a planter pulled
by two horses (p. 84). (10) Cultivating soybeans;
a man sits on a cultivator pulled by two horses
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(p. 89). (11) A field of long, straight, weed-free rows of
soybeans in the United States. (12) Drying of soybean hay in
shocks. (13) Harvesting soybeans; a man sits on a harvester
pulled by two horses. (14) Threshing soybeans using a
machine (p. 99). (15) Intercropping of soya and maize. (16)
The soybean variety Lisbonne growing at the Central Station
for Seed Trials (Station Central d’Essais d Semences) (p.
122). (17) Map of France with isotherm lines of July and a
line showing the northern limit of maize cultivation (p. 134).
Tables: (1) Asiatic varieties: Chinese and Manchurian
varieties (6 varieties), varieties from the British Indies (7),
from the Dutch Indies (11), Japanese varieties (17).
(2). American varieties: Canadian varieties (7), U.S.
varieties (40 varieties) (for each is given: Days to maturity,
flower color, seed color, color of the oil, oil content, protein
content, weight of 1,000 seeds in grams, seed yield (in kg/
ha), yield of hay containing 15% moisture (in kg/ha)). (3)
European varieties: German (7), Austrian (3), English (4),
Italian (1), Polish (7), Czech (9), Soviet Russian (9).
Mineral needs of the soybean. Yield of two soybean
varieties, with and without inoculation. Yield of three
soybean varieties with and without inoculation. Germination
percentages of 8 French soybean varieties at the Station
Centrale d-Essais de Semences in 1938-39 (ranges from 91%
to 100%). Variation in the composition of soybean hay at
4 stages of maturity. Weight of seeds vs. straw for 10 U.S.
soybean varieties (the straw weighs 1.5 to 2.7 times as much
as the seeds). Average yield of soybeans in four countries in
1933 (in kg/ha): Manchuria 1,200. Japan 1,000. Korea 650.
China 950. Length of the vegetative cycle at four stations
with 10 varieties in France (ranges from 98 to 157 days).
Length of the vegetative cycle at four more stations with 16
varieties in France (ranges from 95 to 172 days). 18 varieties
that completely matured their seeds at 2 stations in 1921
and in 1922. Oil and protein content of 7 French soybean
varieties at Station de Clermont-Ferrand. The seed yield of
10 soybean varieties at the same station. The seed yield of 6
soybean varieties at Station d’Antibes. Six tables (p. 138-42)
on the nutritional value of soybeans. Six tables (p. 148-61)
on the utilization of soybeans in the farm economy and for
feeding animals 2 tables (p. 162-42) on the soybean in the
human diet and in industry. 5 tables (p. 175-42) in trade in
soybeans and its by-products. 7 tables (p. 181-86) on the
present economic possibilities of the soybean in France.
Chinese and Manchurian varieties soybean varieties (p.
48): Chu Yen Tou Erh, Kung-Chu-ling pai Mei, Pai Hoa Tso
Tse, Su Li Huang, Ta Li Huang, Tieh Chia, Tou Tse.
Soybean varieties from the British Indies (des
Indes britanniques) (p. 48): Behrum, Hto-nao, Htonang, Mirjanhat, Pekyat-pyin, Pe-Ngypi [pè-ngapi], and
Santonauk. Note: According Thompstone & Sawyer (1914),
some of the above names are the names of the yellow
soybean in different parts of Burma.
Soybean varieties from the Dutch Indies (des Indes

néerlandaises) (p. 48): Djepoen, Idjo, Ireng, Krawe, Mentik,
Poetik, No. 16 sélectionné, No. 17 sélectionné, No. 27
sélectionné, No. 28 sélectionné, No. 29 sélectionné.
One variety from Indochina (p. 48) is Langson.
Soybean varieties from Japan (p. 50): Akasaya,
Banseihikarikuro [Bansei hikari kuro], Chinseihikarikuro
[Chinsei hikari kuro], Gindaizu [Gin daizu], Ishikarishiro
[Ishi kari shiro], Kanro, Kurosaya, Mitsuishidaizu [Mitsuishi
daizu], Naktchadaka, Oyachi no. 2, Rankoshi no. 1,
Shimoshirazu no. 1 [Shimo shirazu no. 1], Shirokotsubu,
Shirotsurunoko, Tsurunoko, Wasehodaka / Waschodaka,
Yoshiokatairin [Yoshio katairin].
Soybean varieties from Canada (p. 50): A.K. (Harrow),
Brun du Manitoba, Soja jaune de Montréal / Montreal, Soja
jaune de Québec / Quebec 92, Manchu (Hudson), Mandarin
(Ottawa), O.A.C. No. 211. Address: Directeur interimaire,
Station d’Essais de Semences (Ministere de l’Agriculture),
France; In 1946 Chef de Travaux at this station.
736. Cartter, Jackson L. 1941. Effect of environment on
composition of soybean seed. Proceedings–Soil Science
Society of America 5(C):125-30. [2 ref]
• Summary: Varieties were found to differ significantly in oil
and protein content and in the iodine number of the oil.
Table 1, “Mean values of chemical analyses of 10
varieties and strains of soybeans grown in five locations
during the 4 years, 1936-1939.” Named varieties are
Mandarin, Mukden, Dunfield-, Dunfield-B, Illini, Manchu,
Scioto, Peking. Locations are Illinois, Indiana, Iowa,
Missouri, Ohio.
Note: This volume contains papers presented at the
meeting held in Chicago, Illinois, Dec. 4-6, 1940. Address:
U.S. Regional Soybean Industrial Products Lab., Urbana,
Illinois.
737. Fallon, F. (Baron). 1941. Le soja [The soybean].
Belgique. Ministere des Colonies. Direction Generale de
l’Agriculture et de l’Elevage. Propagande et Vulgarisation
Agricoles No. 21. 39 p. Bruxelles: Impr. Industrielle et
Financiere. [17 ref. Fre]
• Summary: Contents: Botanical description: Introduction,
the plant’s needs, varieties. Soybean cultivation in Europe:
Introduction (for some countries preferred early, medium,
and late varieties are listed), France, Great Britain, Hungary,
Poland (selection has been done at the Wilna experiment
station using varieties imported from Hungary and
Czechoslovakia), Romania (About 30,000 ha are devoted
to soybeans, primarily in Bessarabia [Besarabia], Dobrouja
[Dobrudja, Dobrogea], Bukovina [Bucovina], Walachia or
Wallachia or Valachia [now called Muntenia, a fertile belt
across southern Romania], and Moldavia. Most of these
varieties came from Austria), Switzerland, USSR (the main
soybean regions are all warm ones–the Caucasus, Ukraine,
and Transcaucasia). Soybean cultivation in America.
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Soybean cultivation in Africa (especially in South Africa,
mainly for forage in the Natal and Transvaal). Soybean
cultivation in Asia: China and Manchuria, Malaysia, British
Indies, Dutch Indies, Indochina, Japan. Soybean cultivation
in Oceania (mainly Philippines).
Cultivation: Crop rotation, inoculation, planting
and propagation, maintenance and manuring the land,
harvest, seed storage, yield, selection of varieties. Soybean
utilization: As human food (dry soybeans, soy sauce, soy
flour, soymilk, tofu, soy oil), industrial uses (soy oil, refining
and use, soymilk casein). Soya as a fertilizer: Green manure,
or soybean cakes. Soya as a feed for domestic animals:
Green forage, hay, silage, pasture, seeds, cakes. Soybean
cultivation in the Belgian Congo. Soybean trade.
In the Congo various soybean trials have been
undertaken since 1936 at the stations of the National Institute
for Agronomic Study of the Belgian Congo (l’Institut
National pour l’Etude agronomique du Congo Belge).
Numerous varieties from the USA and Manchuria have
been tested. Address: Directeur au Ministere des Colonies,
Professeur a l’Institut Agronomique de Gembloux [Belgium].
738. Hortus Botanicus Conimbrigensis. 1941. Index
seminum quae Hortus Botanicus Conimbrigensis pro mutua
commutatione offert [List of seeds offered for exchange
by the Botanical Garden at Coimbra, Portugal]. Coimbra,
Portugal: Instituto Botanico da Universidade de Coimbra. 19
p. 21 cm. [Lat; fre]
• Summary: Plants are listed by family. Under the
Leguminosae, plants are listed alphabetically by genus,
including Soja hispida Moench. Address: Coimbra, Portugal.
739. Weaver, Robert J. 1942. Some responses of the bean
plant to chlorate and perchlorate ions. Plant Physiology
17(1):123-28. Jan. [2 ref]
• Summary: Toxicity of these ions to soybean (Biloxi
variety) and effects on the growth and development of the
plant. “The value of chlorate salts as a means of sterilizing
soil and eradicating weeds has been recognized for many
years.”
“Chlorate ion was shown to be less toxic to Biloxi
soybeans than perchlorate. Symptoms of chlorate injury
were a brown spotting and gradual death of the leaves. After
the oldest leaves were first affected, the injury successively
appeared on younger and younger leaves.” Address: Univ. of
Chicago.
740. Cartter, Jackson L.; Williams, L.F.; Probst, A.H.; Weber,
C.R. comps. 1942. Results of the Cooperative Uniform
Soybean Nurseries–1941. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 62. Feb. 44
p. Not for publication.
• Summary: The title page states, from top to bottom:
“United States Department of Agriculture. Bureau of Plant

Industry, cooperating with Bureau of Agricultural Chemistry
and Engineering, and the State Agricultural Experiment
Stations of the North Central Region.”
Contents: Introduction. Cooperation. Location of
nurseries. Map of region. Methods. Uniform Test, Group II.
Uniform Test, Group III. Uniform Test, Group IV.
The Introduction states: “One of the purposes of the
U.S. Regional Industrial Products Laboratory was to develop
improved varieties and strains of soybeans for industrial
utilization. To provide a more rapid and accurate method of
evaluating new strains developed through the cooperative
breeding work, two uniform soybean variety and strain
tests were established in the spring of 1939. One of these,
now designated the Uniform Test Group II, was made up of
varieties and selections of suitable maturity for the northern
part of the soybean region and was planted that season at
nine locations extending from Ohio to Iowa. The late nursery
(Group IV) composed of strains having a maturity later than
Illini and Dunfield was planted at 11 locations in southern
Indiana, Illinois, and Missouri. The work was continued
during 1940 and 1941 with the addition of the uniform
midseason nursery (Group III) designed to test selections
intermediate in maturity between the first two tests.”
Note from Dr. R.L. Bernard, University of Illinois.
1999. July 15. This may be the first use in print of the word
‘Group’–meant for test purposes but clearly based solely on
maturity. Thus it represents an early step in the evolution of
the concept of what was later called a ‘maturity group.’
Note 2. This is also the earliest document seen (Dec.
2016) that contains the terms “Uniform Test” or “Uniform
Test Group.” Address: U.S. Regional Soybean Industrial
Products Lab., Urbana, Illinois.
741. Genevois, L. 1942. Le photopériodisme chez les divers
Soyas [Photoperiodism of various soybean plants]. Revue
Internationale du Soja 2(9):41-56. Feb. With 4 pages of
unnumbered plates. [10 ref. Fre]
• Summary: A good compilation drawn from Garner and
Allard, plus 5 other sources. For soybeans, understanding
photoperiodism is essential. Contains many excellent photos
and graphs. Address: Prof. of Plant Physiology at the Faculty
of Sciences of Bordeaux.
742. Gilbert, S.G.; Shive, J.W. 1942. The significance of
oxygen in nutrient substrates for plants. I. The oxygen
requirement. Soil Science 53(2):143-52. Feb. [6 ref]
• Summary: Experiments with soybean, tomato, and oat
plants. “Soybean plants show an approximate optimum
oxygen requirement for growth in culture solution at an
oxygen tension (6 p.p.m.) below the point of saturation at
its partial pressure in the atmosphere. Below this optimum
the plants show oxygen-deficiency symptoms. Above the
optimum, the soybean plant exhibits oxygen toxicity.”
Address: New Jersey Agric. Exp. Station.
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743. Albrecht, Wm. A.; Graham, E.R.; Shepard, H.R. 1942.
Surface relationships of roots and colloidal clay in plant
nutrition. American J. of Botany 29(3):210-13. March. [8 ref]
• Summary: A study of soybeans, oats, rye, and bluegrass.
“Thus in terms of these surface phenomena of the
colloidal clay and the root, we may get a clearer concept of
how the adsorbed nutrient supply of the clay is replenished
from the mineral crystals of the soil. By means of this
concept we can visualize more clearly the mechanism
involved in plant nutrition, soil fertility depletion, and
various aspects of crop production and soil maintenance.”
Address: Dep. of Soils, College of Agriculture, Missouri
Agric. Exp. Station, Columbia, Missouri.
744. Genevois, L. 1942. Le déterminisme de la floraison
chez les Soyas [The determinism of the flowering season of
soybeans]. Revue Internationale du Soja 2(10):81-98. March.
[18 ref. Fre]
• Summary: As Garner and Allard showed in 1920,
soybean flowering is determined by photoperiodism. Good
bibliography. Address: Prof. of plant physiology on the
faculty of sciences at Bordeaux (at Professeur de Physiologie
vegetale a la Faculte des Sciences de Bordeaux).
745. Heinze, P.H.; Parker, M.W.; Borthwick, H.A. 1942.
Floral initiation in Biloxi soybean as influenced by grafting.
Botanical Gazette 103(3):518-30. March. [12 ref]
• Summary: “Summary: 1. Biloxi plants or parts of Biloxi
plants, subjected continuously to daily photoperiods of 17
or more hours, were used as one component of all grafts
reported in this work. Plants of this variety do not develop
sufficient flower-forming stimulus on long photoperiods to
cause floral initiation. They therefore served to determine
whether or not a flower-inducing stimulus was transmitted
across the graft unions. They are referred to as receptors and
the plant or plant parts grafted to them as the donors.
“2. The donor components were from Agate, Batorawka,
or Biloxi varieties of Soja max, or from Red Kidney,
Plentiful, Black Valentine, or Dwarf Horticulture varieties of
Phaseolus vulgaris.
“3. Methods of grafting employed were approach
grafting of stems, splice grafting of petioles, splice grafting
of stems, and bud grafting.
“4. A total of 490 Agate-Biloxi approach grafts were
made and all formed strong unions. Approximately 50 per
cent of the Biloxi receptors formed flower primordia. This
percentage was somewhat greater if the receptors were
defoliated a few days after they were grafted.
“5. Eighty Biloxi-Biloxi approach grafts were made.
Flower primordia were formed on no receptors whose donors
received long photoperiods continuously, and on only one
receptor whose donor received short photoperiods after it
was grafted...”

“9. Thirty grafts of Biloxi leaves on Biloxi receptors,
and twenty of Biloxi stems to Biloxi receptors, were
made; all lived, but flower primordia were formed on no
Biloxi receptors. In some of these grafts the Biloxi donors
had received long photoperiods at all times; in others
they had received various numbers of short photoperiods
prior to grafting.” Address: 1. Junior Plant Physiologist,
2; Physiologist; 3. Morphologist. All: U.S. Horticultural
Station, Beltsville, Maryland.
746. Hopper, T.H. 1942. Annual Report of the U.S. Regional
Soybean Industrial Products Laboratory. Urbana, Illinois. 98
p. 28 cm. [12 ref]
• Summary: Contents: List of illustrations. Introduction.
Personnel. Publications. Papers presented. Chemical
investigations: Progress reports by projects. Agronomic
investigations: Progress reports by projects.
The Introduction notes that this is the laboratory’s sixth
annual report. Emphasis is now “being placed on increased
production of soybeans as a part of the program to meet
our fats and oils needs during the war emergency period.
The high rate of domestic consumption, large purchases for
lend-lease shipments, and curtailment of imports of stocks
of oilseeds and oils resulting from the war in the Pacific,
indicate that the United States will be faced with a possible
deficiency of 1 to 1½ billion pounds in the supply of fats and
oils from domestic consumption and export in 1942-43.”
The 1942 production goal of 9 million harvested acres and
approximately 153 million bushels of soybeans is about 50%
higher than the record production of 1941.
Subproject No. 1 (p. 71-72) is titled “The development
of varieties of soybeans for various industrial purposes by
introduction and selection.” Under “Progress” we read: “The
use of the words early, midseason, and late to designate
these uniform nurseries is open to objection because a group
of strains that are thought of as early for one area may be
considered late for another area within the North Central
Region. Therefore, the designations of the uniform tests have
been changed as follows:
“Uniform Early Test changed to Uniform Test, Group
II; Uniform Midseason Test changed to Uniform Test, Group
III; Uniform Late Test changed to Uniform Test, Group IV.
“Provision was made for the addition of a test of very
early soybean strains, which will be designated as Group I.
“A mimeographed publication has been prepared giving
the 1941 yields and chemical composition of all the strains
as well as the two-year and three-year summaries for these
tests.”
Note 1. This mimeographed publication is RSLM No.
62, dated Feb. 1942.
Note 2. This annual report is interesting in showing
(p. 71-72) the evolution of the term “Group.” The term
“maturity group” is not yet used, but obviously the “Groups”
were based on maturity. The previous annual report (April
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1941) uses the terms “Uniform Early Test, Uniform
Midseason Test,” etc. Address: Director, Urbana, Illinois.
747. Somers, I.I.; Gilbert, S.G.; Shive, J.W. 1942. The
iron-manganese ratio in relation to the respiratory CO2 and
deficiency-toxicity symptoms in soybeans. Plant Physiology
17(2):317-20. April. [3 ref]
• Summary: “The ratio of concentrations of these two trace
elements has a profound influence upon the metabolism
of the plant in general, since within the relatively short
experimental period of ten days very marked pathological
effects are produced by a deviation from the optimal range of
the Fe/Mn concentration ratio either upward or downward.”
Address: Rutgers Univ., New Brunswick, New Jersey.
748. Wolfe, Alvin C.; Park, J.B.; Burrell, R.C. 1942. A study
of the chemical composition of soybeans during maturation.
Plant Physiology 17(2):289-95. April. [18 ref]
• Summary: “Summary and conclusions: An analysis of
four varieties of soybeans at different stages of development
indicates that fat and protein of the seed are probably
produced largely from substances brought into the seed from
other parts of the plant at the time of synthesis, rather than
from the carbohydrates already present in the seed.
“Special attention is called to the desirability of
expressing certain data in terms of quantity per plant or per
plant part (as per average seed) rather than only in terms of
the percentages present in the whole sample.” Address: Dep.
of Agricultural Chemistry and Dep. of Agronomy, Ohio State
Univ.
749. Cartter, J.L.; Hopper, T.H. 1942. Influence of variety,
environment, and fertility level on the chemical composition
of soybean seed. USDA Technical Bulletin No. 787. 66 p.
May. [30 ref]
• Summary: The authors have amassed a considerable
amount of data showing the effect of soil, climate, and
fertilizer treatment on the degree of saturation in soybean oil.
Contents: Introduction. Effect of variety, location, and
season on yield and composition of soybean seed: materials
and methods, climatological data, yield, size of seed, protein
content, oil content, iodine number, total ash content,
phosphorus content, potassium content, calcium content,
total sugar content, crude fiber content, unsaponifiable matter
in crude soybean oil.
Effect of variety, fertility level, and season on the yield
and composition of soybean seed: materials and methods,
climatological data, yield, size of seed, protein content,
oil content, iodine number. Summary and conclusions.
Literature cited. Address: 1. Agronomist, Div. of Forage
Crops and Diseases, Bureau of Plant Industry; 2. Principal
Chemist, Bureau of Agricultural Chemistry and Engineering.
Both: USDA.

750. Ramstad, Paul E.; Geddes, W.F. 1942. The respiration
and storage behavior of soybeans. Minnesota Agricultural
Experiment Station, Technical Bulletin No. 156. 54 p. June.
[45 ref]
• Summary: Contents: Introduction. Historical overview.
Outline of investigation. Methods of determining moisture
in soybeans. Hygroscopicity of soybeans and soybean oil
meals. Respiration studies at constant temperature. Effect
of storage conditions on the viability of soybeans. Effect of
damage in storage on the chemical composition of soybeans.
Adiabatic storage studies. Bulk storage of soybeans.
Production of carbon monoxide by heating soybeans.
Discussion and conclusions. Summary. Acknowledgments.
Literature cited.
Aerobic respiration in seeds is analogous to oxidative
combustion; the initial and final products are the same in
both cases. Hexose sugars + oxygen lead to carbon dioxide,
water, and heat (calories). In addition to the respiration of
the seeds themselves, the respiration of bacteria, molds and
insects associated with the seeds may account for a large
share of the total respiratory activity exhibited in storage.
“When respiration occurs at a sufficiently rapid rate to
produce more heat more quickly than it can be dissipated, the
temperature of the grain rises and heat damage may result.”
“Moisture content has long been recognized as one
of the major factors determining the intensity of the
respiration of stored grain.” Research has also shown that
cracked, shriveled, immature kernels respire more rapidly
than sound, plump grain of the same moisture content. The
presence of foreign material or of sprouted, frosted, or heatdamaged kernels also increases respiration. Address: Div. of
Agricultural Biochemistry, Univ. of Minnesota.
751. Nielsen, Chester S. 1942. Effects of photoperiod on
microsporogenesis in Biloxi soybean. Botanical Gazette
104(1):99-106. Sept. Based on his 1942 PhD thesis, Univ. of
Chicago. [9 ref]
• Summary: Previous studies suggest that some type of
cytological disturbance might be associated with the length
of the photoperiod the plants were subjected to, subsequent
to photoperiodic induction.
This paper deals with this and was undertaken to
determine the effect of various light and dark treatments on
microsporogenesis in Biloxi soybeans which had previously
received different numbers of photoinductive cycles.
Address: Hull Botanical Lab., Univ. of Chicago, Chicago,
Illinois.
752. Hodgkiss, William S.; Hageman, Richard H.;
McHargue, James S. 1942. The amount of boron absorbed
by soybean plants and its effect on their growth. Plant
Physiology 17(4):652-60. Oct. [8 ref]
• Summary: Mainly about soybean seed. “Plant symptoms
have indicated that many areas of soil do not contain a
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sufficient supply of available boron for the normal growth
of some vegetable and hay crops. A search of the literature
reveals very little actual information as to the relation of
the boron content of soils or of soil factors which may
determine the availability of boron to the plant.” Address:
Dep. of Chemistry, Kentucky Agric. Exp. Station, Lexington,
Kentucky.

soybean plants.”
“These results suggest the need of focusing attention
on the mineral composition of sand and silt separates as an
important factor in determining the fertility level of our soils
and the rate of decline of the fertility level during the course
of soil development.” Address: Instructor in Soils, Dep. of
Soils, Missouri Agric. Exp. Station, Columbia, Missouri.

753. Somers, I.I.; Shive, J.W. 1942. The iron-manganese
relation in plant metabolism. Plant Physiology 17(4):582602. Oct. [30 ref]
• Summary: Soybeans were chosen as the indicator plants.
“Summary: 1. Experiments were carried out with
soybeans in solution culture at three different iron levels at
each of which the manganese concentrations were varied
through a relatively wide range. Studies were made of the
interrelations between iron and manganese in their effects
upon the metabolic processes of the plants. Toxicity and
deficiency quantities of the two elements in the substrate
and in the plants were investigated and their relations to the
resulting pathological symptoms were studied.
“2. Pathological symptoms produced with excessive
iron are identical with those produced when manganese
is deficient, and the symptoms produced with excessive
manganese are identical with those produced when iron is
deficient. That is, symptoms of iron toxicity correspond to
those of manganese deficiency, and symptoms of manganese
toxicity correspond to those of iron deficiency.” Address:
New Jersey Agric. Exp. Station, Rutgers Univ., New
Brunswick, New Jersey.

756. Hamner, K.C. 1942. Hormones and photoperiodism.
Cold Spring Harbor Symposium on Quantitative Biology
10:49-60. [21 ref]
• Summary: This annual symposium took place shortly after
the start of World War II. The Rockefeller Foundation had
made grants in support of the Symposia since they began in
1933.
From studies with soybean and cocklebur, it is
concluded that hormones may be involved in the flowering
process of many plants.

754. Fisher, R.; Sammet, K.; Poschenrieder, H.
1942. Beziehungen zwischen Naehrstoffaufnahme,
Knoellchenbildung und Taetigkeit der Knoellchbakterien
bei der Sojabohne unter dem Einfluss wechselnder
Duengung [Relationship between nutrient intake, nodule
development and the effectiveness of nodule bacteria in
soybeans under varying levels of fertilizer]. Bodenkultur und
Pflanzenernaehrung 27(4):181-97. [4 ref. Ger]
Address: Anhaeltischen Versuchsstation, Staatlichen
Landwirtschaftlichen Forschungs- und Untersuchungsanstalt,
Bernburg.
755. Graham, E.R. 1942. Soil development and plant
nutrition: I. Nutrient delivery to plants by the sand and silt
separates. Proceedings–Soil Science Society of America
6(C):259-61. [5 ref]
• Summary: The plants used in this study were soybeans,
although they are mentioned only 5 times.
“The soils of the United States have been, and always
will be, considered as the nation’s most essential resource.”
“The sands and silts separate from the surface and
subsoil of Iowa and from the soil in Utah weathered rapidly
enough in hydrogen clay treatment to produce normal

757. Kurnik, Ernö. 1942. Szojatermesztési és ojtási kisérletek
[Soybean cultivation and inoculation experiments]. PhD
thesis (Doktori ertekezes), Budapest. Szemes and Eckstein,
publisher (imprint). [Hun]*
• Summary: The Hungarian Wikipedia entry for Ernö
Kurnik, when translated by Google Translate, states: Born
17 Aug. 1913 at Mecsekszabolcs, Hungary. Died 3 March
2008 at Pecs–at age 94. He was an agricultural engineer,
plant breeder, and university lecturer. Doctor of Agricultural
Sciences, the Academy of Sciences ordinary member. A
significant figure in breeding soybeans, sunflowers and peas,
large-scale cultivation of soybeans and the initiator of the
so-called Hungarian method. He was the developer of the
fodder production system in Iregszemcse. From 1955 to
1983 he was the director of the Feed Production Research
Institute in Iregszemcse.
In addition to breeding work, he was at the forefront of
organizing and launching large-scale soybean production in
Hungary.
His main works related to soybeans:
1942–Soybean cultivation and grafting experiments.
Budapest.
1962–Soybeans. Budapest.
1976–Large-scale soybean production. Budapest.
1987–The soybean (with Laszlo Szabo). Budapest.
Address: Hungary.
758. Ramstad, Paul Ellerston. 1942. A study of the
respiration and storage behavior of soybeans. PhD thesis,
University of Minnesota. 54 p. In: Doctoral Dissertations
Accepted by American Universities, 1942. See also Ramstad
and Geddes 1942. [45 ref]*
Address: Univ. of Minnesota.
759. Reed, Howard S. 1942. A short history of the plant

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 331
sciences. Waltham, Massachusetts: Chronica Botanica Co.
312 p. [262* ref]
• Summary: Excellent information on the lives of the early
botanists, including Mr. Hagerty (translator of Chinese for
the USDA). Chapter 6, The Seventeenth Century, discusses
the work, the tragic life, and the undefeatable spirit of
Rumphius. In chapter 7, The Eighteenth Century, under
“Progress in Plant Classification,” is a brief biography
and discussion of the work of Carolus Linnaeus (17071778). Chapter 9 titled “Plant Geography” discusses the
contributions of de Candolle. Chapter 19 titled “Plant
Pathology,” contains information directly related to the
history of research on soybean diseases. Address: Prof. of
Plant Physiology, Univ. of California, Berkeley.
760. Stubblefield, Frank M. 1942. The metabolism of the
soybean plant. PhD thesis, University of Illinois at UrbanaChampaign. 43 p. 6 p. (Abst.). In: Doctoral Dissertations
Accepted by American Universities, 1942. [3 ref]
Address: A.B. and M.S., Univ. of Illinois, Urbana, Illinois.
761. Balzli, Jean. 1943. Microbiologie et agriculture
[Microbiology and agriculture]. Revue Internationale du
Soja 3(16):15-16. Jan/Feb. [Fre]
• Summary: This article begins: In his book The
Unrecognized Influences (Les influences méconnues) (Paris,
1942, Librairie Larousse), Dr. Henry Bouquet, whose
popular works have already done a great deal of good, has
entitled the first chapter: Terrestrial influences. He speaks of
the influence they can have on the physiology and pathology
of man, the structure–chemical composition, permeability,
stratigraphy and dislocation of the bark–the land where he
was born and on which flows his existence. And he adds that
many veterinarians have done similar studies on animals.
“We have already seen that races are largely conditioned
by the soil, and we know that races (les races) are more
or less sensitive to the ills which beset humanity and react
differently to morbid factors.”
Like all living organisms, microbes are very sensitive
to pH. It is always in the vicinity of neutrality (pH 7) that
nitrification is optimum. PHs greater than 7 correspond to
basic or alkaline media; less than 7 betray acidity. In the first
case, we are dealing with OH- ions. In the second case, we
are in the presence of H+ ions, in the free state. Very acidic
soils as well as very alkaline soils must be considered as
sick, since the majority of the cultivated plants show their
optimum growth around neutrality. Therefore, not only
acidity but also alkalinity must be remedied, since alkaline
soils are even more toxic than acid soils. It should be added
that in virgin soils pH values ranging from 5.5 to 9.5 have
been observed, while the cultivated lands indicate values
between 5 and 8. I remind readers that the breeding of the
daisy (Bellis perenis) and also that of the sorrel (Oxalis
autosella) reveal the acidity of the soil (glèbe).

These notions of immense scope being still too little
known, we often return to them. Re-read the articles on our
periodical already published on this topic: Azotobacters and
Nitragination (No. 4). Nitragination in the Hot Seat (No. 6),
Some Insights on the Physico-Chemical Requirements of
Soybeans (No. 7), and The Wonderful World of Azobacters
(No. 12). The war has left us terribly poor, the yields of our
fields must be increased. Now, to achieve this, we will have
to give up the routine and do scientific farming: not purely
physico-chemical, but biological. We will intensify and
constantly stimulate the microbial life of our soils.
In this area, almost everything is still to be done. We
will often have progress to report. We will quote some even
today. In an earlier article (Some Insights on the PhysicoChemical Requirements of Soya, No. 7), trace elements are
of immense importance to living organisms: man, animals
and plants. I have, in particular, shown that minimal or
even infinitesimal quantities of boron stimulate the activity
of azobacters that allow legumes to capture and fix large
amounts of atmospheric nitrogen directly assimilable,
because it is nitric. Now, Mr. W. Holzweissig. to which we
already owe the excellent azobacterial cultures Radicine,
has just been made available to farmers a product–named
Ravite–which contains not only trace elements, but also
vitamins, auxins and hormones.
Ravite stimulates the soil microflora so that it produces
optimum work and, as a result, the crop is increased.
Modern techniques of plant stimulation and plant forcing
have shown that the administration of vitamins, auxins and
hormones promotes and accelerates the development of the
root or other organs of the plant. Even hetero-hormones
and hetero-auxins produce remarkable effects. Auxines
particularly stimulate growth. These are substances that
control the distribution of growth materials without altering
their total quality. They are therefore agents of chemical
correlation. Some auxins have, moreover, been chemically
defined, as, for example, auxin a and auxin b. Auxin a or
auxentrological acid has the following formula: C18H32O5.
Auxin b or auxeoenological acid corresponds to the formula:
C18H30O4.
Apart from the auxinic product Ravite, M.W.
Holzweissig has just created a mixed microbial preparation
called AZ. This mixed bacterial culture contains azobacter,
radiobacter and some other microorganisms, the two species
of which like society. AZ does not work in acid soils. Before
granting it to an acid ground, it must be limed: it will burn
with lime.
The AZ product, into which the Ravite preparation is
incorporated, is administered directly to the seeds. But we
act differently for tubers and rhizomes. Here, the microbial
cultures are inoculated in the field.
I’m not going to go into all the details. Address: PhD,
France.
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762. Monsi, Masami. 1943. Untersuchungen ueber den
Mechanismus den Schleuderbewegung der SojabohneHuelse [Research on the mechanism of dehiscence of the
soybean pod]. Japanese J. of Botany 12(3/4):437-74. March
31. [28 ref. Ger]
Address: Botanisches Institut, Naturwissenschaftliche
Fakultaet, Kaiserl. Universitaet zu Tokyo [Japan].
763. Allen, Denver I. 1943. Differential growth response
of certain varieties of soybeans to varied mineral nutrient
conditions. Missouri Agricultural Experiment Station,
Research Bulletin No. 361. 43 p. March. Based on his 1942
PhD thesis at University of Missouri. [25 ref]
• Summary: Contains a good review of the literature.
Address: Instructor in Field Crops, Missouri College of
Agriculture, Columbia, Missouri.
764. Moyer, Laurence S.; Fishman, M.M. 1943. The
chlorophyll-protein complex. II. Species relationships
in certain legumes as shown by electric mobility curves.
Botanical Gazette 104(3):449-54. March. [18 ref]
• Summary: “Summary: 1. The chlorophyll-protein complex
has been prepared from leaves of the following legumes:
Phaseolus vulgaris, P. limensis, P. coccineus, Vigna
sesquipedalis, Dolichos lablab, Glycine max, Medicago
sativa, Trifolium pratense, Melilotus alba, Vicia faba, and
Pisum sativum.”
“3. The various sets of data from these legumes could be
described by a single smooth curve shifted up or down the
pH scale to pass through each isoelectric point. In some cases
minor deviations were noticed, but in general the agreement
was good.
“4. It is suggested that the complex from each species is
characterized by essentially the same protein, slightly altered
in certain respects from the rest but retaining enough of its
original character to show relationship.” Address: Dep. of
Botany, Univ. of Minnesota, Minneapolis, Minnesota.
765. Pierce, Elwood C.; Appleman, C.O. 1943. Rôle of the
ether soluble organic acids in the cation-anion balance in
plants. Plant Physiology 18(2):224-38. April. [23 ref]
• Summary: Leaves and stems of 12 species of plants,
including soybeans, were analyzed. “Inorganic ions were
found to be taken up in varying proportions according to
inherent characteristics of the plant. Plants in the same
family tended to accumulate ions in relatively the same
proportions.” Address: Univ. of Maryland, College Park,
Maryland.
766. Planiol, M. 1943. Notes sur la Soja [Notes on soya].
Paris. 36 p. May 12. Unpublished typescript. 30 cm. [Fre]
• Summary: These notes, based largely on extracts from
existing publications, were compiled in Paris during the
month before publication on May 12.

Contents: A word of introduction: History of personal
interest in soybeans, and sources. The soybean around the
world: Climate, acclimatization (USA, Central Europe,
France, England). Characteristics and varieties. The soil.
Preparation of the soil. Fertilizer. Inoculation. Date of
planting. Planting practices (Pratique des semailles).
Maintenance practices (Façons d’entretien). Date of harvest.
Harvesting. Soybean yields. Storage and preservation.
The soybean as a food. Green forage and pasture. Soybean
hay–its production. Soybean hay–its consumption. Mixed
forages. The soybean for ensilage. Soybean seeds as animal
feeds. Soybean cake. Soybean straw. Effect of fertilizers
on soybeans. Enemies of soybeans. Photoperiodism and its
discovery. Views of the future. Henry Ford and the soybean.
In the Introduction, the author explains that upon
arriving in Enfidaville [Enfida, a town in northeast Tunisia]
in Oct. 1912 for a course in agriculture, he first heard about
soybeans at the Colonial School of Agriculture (l’Ecole
Coloniale d’Agriculture) in Tunis, where the crop was being
studied. In July, in the region of Mornag, he had seen the
first field of soybeans (Mammoth variety), which had made a
strong impression on him.
In 1920, I happened to come into contact with Léon
Rouest, a true misunderstood genius who would die a poor
man in 1938, after battling tirelessly for thirty years to
promote soy (soya), spending six years selecting soybeans
from the Soviets, creating some of our best soybean varieties
and writing a book with Mr. de Guerpel that can no longer be
found.
In 1921 his contact with soya was interrupted for 20
years. Then in 1941 he rediscovered the soybean at Rennes,
where Mr. Winter was Director of the Botanical Garden
(Jardin des Plantes), and himself a remarkable geneticist
and convinced experimentalist. Winter introduced Planiol
to The soybean in France, by Blanchard, Marcel (1941),
an excellent book. Blanchard was director of the Station
for Seed Trials (Station d’Essais de Semences) at 33 rue
de Picpus in Paris, where he maintained a collection of
many soybean varieties; in addition he had organized
here a veritable headquarters for soybean trials conducted
throughout France–and all of this (remarkably) on his own
initiative.
Mr. Winter introduced him to Mr. Cuisance at Reims. In
late March 1943 Mr. Blanchard introduced him to many of
the world’s key publications on soybeans–which he cites.
767. Beckel, A.C.; Cartter, J.L. 1943. The effect of variety
and environment on the equilibrium moisture content of
soybean seed. Cereal Chemistry 20(3):362-68. May. [9 ref]
• Summary: “The study of the effect of variety and
environment on the equilibrium moisture content of soybean
seed is of interest because of its direct relationship to
the problems of storage and preservation. These general
problems have been indicated by Humphries and Hurst
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(1935). Differences would normally be expected, in view
of the fact that varieties of soybeans have been found to
vary in all of the major chemical constituents studied thus
far. It seemed probable that such a study of equilibrium
moisture content would also determine whether the routine
moisture determination could be eliminated from the
analytical program without introducing an appreciable error
in calculating results to a uniform moisture basis. Such an
elimination would result in a considerable saving in time
and expense.” Address: U.S. Regional Soybean Industrial
Products Lab., Urbana, Illinois.

the extent of the initiation again was less.
“3. On the basis of the data presented in this and two
preceding papers, the inhibiting effect of low temperature
on floral initiation in Biloxi soybean plants appears to be the
result of its effect on the photoperiodic reactions occurring
in the leaf blade during the dark period, rather than through
its effect on translocation of a flower-inducing stimulus
from the leaf to the terminal meristems or its effect at the
terminal meristems upon the differentiation and development
of flower buds.” Address: 1. Physiologist; 2. Morphologist.
Both: Bureau of Plant Industry Station, Beltsville, Maryland.

768. Weiss, Martin G. 1943. Inheritance and physiology of
efficiency in iron utilization in soybeans. Genetics 28(3):25368. May. Based on his 1941 PhD thesis, Iowa State College.
[14 ref]
• Summary: “Striking differences in chlorosis typical of iron
deficiency were noted in 1938 among a considerable number
of soybean varieties when tested on calcareous soils for the
first time since their introduction into the United States from
Manchuria.”
The author determined that susceptibility of soybean
PI-54619-5-1 to chlorosis was determined by a single major
gene. Address: Div. of Forage Crops and Diseases, Bureau
of Plant Industry, Soils and Agricultural Engineering,
Agricultural Research Administration, USDA, and Iowa
State College, Ames, Iowa.

772. Thadani, K.I.; Mirchandani, R.T. 1943. Studies on
soybeans in Sind. Madras Agricultural Journal 31(6):16773. June. [9 ref]
• Summary: Contents: Introduction. Cultivation method.
Description of varieties tested: Indian varieties (spreading
vs. erect), foreign varieties (lists 13 varieties obtained from
USA, United Kingdom, and South Africa). Acclimatization.
Maturity. Natural cross pollination. Genetic behaviour of the
flower color.
Introduction: “There is sufficient evidence to show that
soybean has been cultivated in Northern India and Burma
since a long time. Major T.E.T. Aitchison (1881) found
the soybean largely cultivated in the Kuram valley, Northwest Frontier Province, especially in the Kuram district,
occasionally in Hariabab and also frequently as a weed in
the cultivated fields. Hooper (1911) in his investigations on
soybeans has recorded seeds aggregating perhaps into nine
distinct varieties, collected from Burma and from places
situated on the lower slopes of the Himalayas extending
from Kashmir to Darjeeling. Woodhouse and Taylor (1913)
describe nine Indian varieties secured from Darjeeling,
Bankipur and Bhagalpur. Most of the Indian varieties have
slender twining stems, small pods, and small seeds. They
resemble the wild soybeans much more closely than do the
varieties of China and Japan. The existence of different local
names for soybeans in Bengal, Assam, Nepal and the Northwest Frontier Province is also an evidence of its ancient
culture in India.
“With the opening of the Lloyd Barrage in Sind,
investigations into the possibilities of cultivation of soybean
in Sind under the perennial irrigation system, were started at
the Agricultural Research Station, Sakrand, in the year 1929;
but all attempts failed until 1931 when for the first time a
successful crop was grown for seed. Several varieties of
soybeans obtained from abroad and from various provinces
of India have been tested. The small seeded and latematuring varieties have succeeded fairly well under Sind
conditions.”
“The Indian varieties have small seeds with oil content
varying from 13 to 16 percent while the exotic [foreign]
varieties have big seeds with oil content varying from 16
to 21 percent.” The Indian varieties, obtained from Pusa,

769. Eckenfels, Charles. 1943. L’augmentation, par
hormonisation, de la resistance du Soya à la sécheresse
[Augmentation, by the use of hormones, of the resistance of
soybeans to drought]. Revue Internationale du Soja 3(18):75.
May/June. [Fre]
770. Ohwi, Jisaburo. 1943. Symbolae ad Floram Asia
Orientalis XIX. [Contribution to the flora of East Asia XIX].
Acta Phytotaxonomica et Geobotanica (Shokubutsu Bunrui
Chiri) 12(2):107-13. June. [14 ref. Lat; Jap]
• Summary: On p. 110 the author first named Glycine
koidzumii. In Okinawa it is known as Miyako-jima tsurumame (Miyako Island vine bean).
771. Parker, M.W.; Borthwick, H.A. 1943. Influence of
temperature on photoperiod reactions in leaf blades of Biloxi
soy bean. Botanical Gazette 104(4):612-19. June. [5 ref]
• Summary: “1. Apparatus was devised that made possible
the application of controlled temperature to individual
leaves of Biloxi soybean plants during the dark periods of
photoperiodic treatment, while the remainder of the plant
received greenhouse temperatures and long photoperiods.
“2. When a leaf was held at 50ºF. or lower during a
5-day induction period, floral initiation was greatly inhibited.
At 70º-90º, such initiation was in general equal to that of the
controls held at greenhouse temperatures, but at 90º or higher
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Punjab, Madras, and Ranchi, are mostly (75%) spreading
types.
Note 1. This document contains the earliest date seen
for soybeans in Pakistan, or the cultivation of soybeans in
Pakistan (1929, at Sakrand)–even though the cultivation was
not successful until 1931. The source of these soybeans is
unknown.
Note 2. In 1929 (when the first trials were conducted)
the Sind or Sindh constituted the northern part of Bombay
presidency in British India. It became an autonomous
province in India on 1 April 1937, and that was its status
in 1943, when this paper was published. In August 1947 it
became part of Pakistan; the capital is Karachi. Its provincial
status was abolished in 1955, but restored in 1970. The
region was generally flat, lying on both sides of the Indus
River, and the chief occupation was agriculture. It is bounded
on the east and south by India and on the southwest by the
Arabian Sea.
Note 3. In 1992 Sakrand is a city in the Sindh province
of Pakistan, near the Indus River north of Hyderabad.
Address: 1. Director of Agriculture, Sind; 2. Agriculturist,
Agricultural Research Station, Dokri.
773. Eckenfels, Charles. 1943. Objections contre l’emploi
de préparations d’auxines et de produits similaires
[Objections to the use of auxins and similar products]. Revue
Internationale du Soja 3(19):90-92. July/Aug. [8 ref. Fre]
• Summary: Auxins are a class of plant hormones (or
plant growth substances) with some morphogen-like
characteristics. Auxins have a cardinal role in coordination
of many growth and behavioral processes in the plant’s life
cycle and are essential for plant body development.
In the course of research on auxin biology, many
compounds with noticeable auxin activity were synthesized.
Many of them had been found to have economical potential
for man-controlled growth and development of plants in
agronomy (Source: Wikipedia, March 2013).
Auxins can be applied to entire fields of plants to make
the plants and their seeds / fruits (such as potatoes, lupins,
maize) grow bigger, faster. Note: As of March 2013, they are
no widely used by commercial soybean growers. Address:
Prof., Inst. of Agricultural Botany, University of Bonn,
Germany.
774. Probst, A.H. 1943. Border effects in soybean nursery
plots. J. of the American Society of Agronomy 35(8):662-66.
Aug. [5 ref]
• Summary: “Border effect is very evident among the plants
in the outer foot of soybean nursery rows adjacent to 3-foot
alleys. This effect may be eliminated by removing the outer
foot of row length of plants at maturity.
“Yields were on the average 16% higher in single-row
soybean nursery plots 16 feet long and 30 inches between
rows when border effect was not removed.

“Varieties responded differently with respect to border
effect but not enough to give a marked change in the relative
yields.” Address: Purdue Agric. Exp. Station, Lafayette,
Indiana.
775. Riede, Wilhelm. 1943. La culture du Soya en Europe
[Soybean cultivation in Europe]. Revue Internationale du
Soja 3(19):87-89. July/Aug. [Fre]
Address: Prof., Inst. of Agricultural Botany, University of
Bonn, Germany.
776. New York Times. 1943. Vegetable ‘steak’ declared at
hand: And many Americans will get soybean milk shakes,
says Dr. Burkholder at Yale. Meat shortage stressed. It will
force us to rely on plants with high protein content, he says
in radio talk. Sept. 6. p. 12.
• Summary: New Haven, Connecticut: The remarks of Paul
R. Burkholder, Associate Professor of Plant Physiology at
Yale University, were broadcast on radio station WTIC.
Edible strains of soybeans can be grown in home gardens
and served like baby lima beans. He also recommended bean
sprouts, which the Chinese have eaten for centuries; they
have a fine flavor and high nutritive value. Other “substitutes
for meat” include “potent yeasts harvested from brewery
vats.”
777. Roberts, R.H. 1943. The role of night temperature in
plant performance. Science 98(2542):265. Sept. 17. [3 ref]
• Summary: Temperature during the dark period is more
important than that during the light period in affecting
blossom induction for the Biloxi variety soybean, which
is a warm-climate, short-day plant. Address: Dep. of
Horticulture, Univ. of Wisconsin.
778. Gibson, R.M.; Lovvorn, R.L.; Smith, B.W. 1943.
Response of soybeans to experimental defoliation. J. of the
American Society of Agronomy 35(9):768-78. Sept. [6 ref]
• Summary: Summary: “5. Weights of stems and roots were
inversely related to severity of defoliation treatments.
“6. Any degree of defoliation resulted in a decrease in
the weight of seed produced. Yields tended to be inversely
related to the severity of the defoliation.
“7. Defoliation treatments caused greater reductions
in seed yields of Tokyo than of Biloxi, but Tokyo produced
more beans under all treatments.” Address: Dep. of
Agronomy, North Carolina Agric. Exp. Station, Raleigh, NC.
779. Robertson, D.W.; Lute, A.M.; Kroeger, H. 1943.
Germination of 20-year-old wheat, oats, barley, corn, rye,
sorghum, and soybeans. J. of the American Society of
Agronomy 35(9):786-95. Sept. [4 ref]
• Summary: “The crops were stored in sacks in a dry,
unheated room.” The room was sprayed with a mixture of
3 parts ethylene dichloride and 1 part carbon tetrachloride
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to control insect pests. Only perfect seeds of each type were
used.
“Wisconsin Black soybeans were used in the studies.
They dropped off about 10% on the first 5-year period and
by the fourteenth year had reached zero. The drop was
exceedingly sharp after the sixth year. It may be interesting
to note that as the beans dropped in germination indications
of a break-down in the fat content was noted and reported
from the germination test.”
After 21 years, “wheat germinated 12.8%, oats 49.6%,
and barley 46.2% of the initial germination.” Address: 1.
Agronomist; 2. formerly Seed Analyst; 3. Seed Analyst. All:
Section of Agronomy, Colorado Agric. Exp. Station, Fort
Collins, Colorado.
780. Snider, H.J. 1943. Manganese in some Illinois soils and
crops. Soil Science 56(3):187-95. Sept. [8 ref]
• Summary: Experiments with soybeans, corn, and grasses
at various stages of growth. Table 3 shows the “Effect of soil
type and treatment on the manganese content of soybean
plants at maturity. The 9 columns are: Field. Soil treatment.
Soil condition (pH, total nitrogen {in lbs}), Manganese
content of soybean plant (roots, stems, leaf, hull, and bean).
“When limestone is added to an acid soil, it reduces the
availability of manganese, but the reduction in hydrogen-ion
concentration that must be brought about by liming is not
likely to cause any serious deficiency of manganese for most
crops.
“Most plants apparently flourish on relatively minute
amounts of manganese; others seem to require relatively
large amounts.” Address: Illinois Agric. Exp. Station.
781. Planiol, Maurice. 1943. Vue d’ensemble sur la culture
du soya [Overview of the culture of soybeans]. Revue
Internationale du Soja 3(20):104-36. Sept/Oct. [12 ref. Fre]
• Summary: Much of this long, detailed article consists
of quotations from other publications, many of them from
the USA. Contents: A word of introduction (including
important books about soy). The soybean around the world.
The climate. Acclimatization: America, Central Europe,
France, England (J.L. North, Royal Botanical Society of
London, Henry Ford). Characteristics and varieties. The
soil. Preparation of the soil. Fertilizers. Inoculation. Date of
planting. Method and details of planting. Crop maintenance
(weeding and dealing with disease). Date of harvest.
Method or practice of harvesting. Soybean yields (17-27
quintals/ha is considered good). Storage and conservation.
The soybean as a food (in East Asia, in Europe). Forage
and pasture. Soybean hay and how to produce it. Soybean
hay–consumption. Mixed forages. The soybean for silage /
ensilage. Soybean plants with their beans intact as feed for
animals (e.g. hogging off). Soybean straw. The fertilizing
effect of soybeans (by fixing nitrogen in the soil). Soybeans
in crop rotation. Enemies of the soybean (including rabbits).

The selection of soybeans according to Léon Rouest (his key
book is Le Soya française. Rouest also discusses Le Jardin
Potager, by Pierre Joigneaux, which does not mention the
soybean). Photoperiodism and its discovery. Views of the
future. Henry Ford and soybeans.
782. Balzli, Jean. 1943. Mutation et gigantism [Mutation and
gigantism]. Revue Internationale du Soja 3(21):161-62. Nov/
Dec. [Fre]
• Summary: His last article on this subject (Feb. 1943)
elicited many letters. Address: Dr., France.
783. Milner, Max; Warshowsky, B.; Tervet, I.W.; Geddes,
W.F. 1943. The viability, chemical composition and internal
microflora of frost damaged soybeans. Oil and Soap
20(12):265-68. Dec. [14 ref]
• Summary: Unseasonable early frosts in Sept. 1942,
followed by warm dry weather in the northern Corn Belt,
led to many immature and frost-damaged beans reaching
the market. The damaged seeds were characterized by a
marked decrease in viability and by increases in phosphate
acidity, amino-acid acidity, nonprotein nitrogen, reducing
sugars, and in the internal aerobic microfloral content of
the seeds. Address: Divs. of Agricultural Biochemistry and
Plant Pathology, Minnesota Agric. Exp. Station, St. Paul,
Minnesota.
784. Mulvey, R.R. 1943. Lincoln soybeans. Indiana (Purdue)
Agricultural College, Agronomy Mimeo No. 44. Dec. 2 p. [1
ref]
• Summary: “Lincoln is the most promising mid-season
variety of soybeans released to date. The purpose of this
mimeograph is to serve as a guide to growers for the
multiplication of this variety in Indiana.
“Origin: The Lincoln soybean variety is a selection from
a natural cross, probably between a white flowered Mandarin
plant and Manchu, made in 1934 by Dr. C.M. Woodworth,
Chief in Plant Genetics, Illinois Agricultural Experiment
Station.
“Description: Lincoln soybeans resemble the Mandell
variety in appearance, height, standing ability, time of
maturity, and in most other respects except that it is higher
yielding, produces seed of much higher oil content, and
has white flowers instead of purple. Lincoln is intermediate
in height between Dunfield and Illini and lodges less than
either of these two varieties. When grown on fertile soil,
three seeds to the pod predominate. The seed is yellow with
a prominent black hylum resembling Manchu and similar
varieties and are slightly larger than seed of Illini and slightly
smaller than seed of Dunfield.
“Cooperative Release: Lincoln soybeans were multiplied
in Ohio, Indiana, Illinois and Iowa during 1942 and 1943
for simultaneous release in 1944 under supervision of the
agencies in these various states. This state is indebted to both
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Ohio and Illinois Stations for seed stocks.
“Place of Lincolns in Indiana: The Lincoln variety of
soybeans have been included in performance trials at eight
locations in Indiana. The results are given in Agronomy
Mimeo. 42. The Lincoln variety of soybean is well suited
to the same conditions under which other varieties of the
same maturity group, such as Dunfield, Illini, Mandell,
and Mingo, are now being grown in Indiana, and might
well replace these varieties in the state because of its high
yield, good standing ability, and high oil content. It is best
adapted in central Indiana. Lincoln should be used only
for early planting in northern Indiana and for medium-late
planting south of U.S. Highway 50. Earlyana, Richland,
Chief, Patoka, and Gibson are expected to continue to fill the
conditions of their special adaptation for which they have
been recommended.
“Rate of Seeding: The rate of seeding Lincoln soybeans
probably should be the same as that of other varieties in the
same maturity group with seed of similar size. However, the
rate of seeding for 1944 and 1945 should be somewhat lower
than optimum in order to increase seed stocks more rapidly.
Seeding in rows for cultivation rather than solid seeding
should be practiced during this period. Table 2 indicates
what may be expected from thinner than the normal rate
of seeding in rows under favorable conditions for seeding
emergence.
Page 2 is titled “Experiments with Lincoln Soybeans on
the Soils and Crops Farm, Lafayette, Indiana.
Tables show: (1) Yield and Oil Content of Soybean
Varieties on the Soils and Crops Farm, Lafayette, Indiana,
1942-1943. It compares the early varieties, Earlyana and
Richland, the mid-season varieties Lincoln, Dunfield, and
Illini, and the late varieties Chief, Patoka, and Gibson. For
each it gives the seed yield per acre in bushels per acre (at
13.5% moisture), the hay yield, and the oil content on a dry
basis.
(2) Yield of Lincoln soybeans seeded at various rates
[pounds per acre] as compared to Illini seeded at one rate
in 34-inch rows, Soil and Crops Farm, Lafayette, Indiana,
1943. “From the above table as well as past yield records, it
is reasonable to assume that under conditions favorable for
seedling emergence, Lincoln soybeans should yield at least
as much when seeded in rows at 30 pounds per acre as other
commercially grown varieties in its maturity group when
seeded in rows at heavier rates.
“Fertilization: Superior yielding ability of any variety
cannot be expected to its fullest extent except on soils,
with favorable physical and drainage conditions, that are
supplied with an adequate amount of plant food. In order to
rapidly increase seed stocks of high quality, Lincoln should
be grown on land that is capable of producing at least 30
bushel of soybeans per acre. If such land is not available, it
is advisable to plow under 500 pounds per acre of 0-12-12
fertilizer or its equivalent. Land decidedly deficient in potash

should be especially avoided.
“For effect of fertility level on yield and quality of
soybean seed, see Agronomy Mimeo. No. 40.”
Note: This is the earliest document seen (July 2021)
that uses the term “maturity groups” (or “maturity group”).
Prior to this time they were called simply “groups” (as in
Group III) or “Uniform Test Groups.” Starting in Sept. 1944
they were called “uniform nursery groups” in 2 documents.
Address: Dep. of Agronomy, Purdue Univ. Agric. Exp.
Station, Lafayette, Indiana.
785. Schad, C.; Mayer, R.; Hugues, P. 1943. Contribution
à l’étude des caractères des variétés de soya cultivées en
France (Caractères physiologiques) [Contribution to the
study of the characteristics of soybean varieties cultivated in
France: Physiological characteristics]. Comptes Rendus des
Seances de l’Academie d’Agriculture de France 29(19):52224. Dec. [Fre]
Address: France.
786. Funke, G.L. 1943-1945. Observations on the
flowering photoperiodicity. Recueil des Travaux Botaniques
Neerlandais 40:392-412. [57 ref. Eng]
• Summary: Plants fall into four groups according to
their reaction to red and blue light, regardless of their
photoperiodic category. In Group 1, the response to red and
to white light is similar. Glycine hispida and Glycine soja
are short-day plants in Group 1. However blue light has an
effect on vegetative growth similar to that of white light.
Moreover, high night temperature is a more potent factor in
flowering, and especially for the ripening of the seeds, than is
daylength. Address: Botanical Inst. of the Government Univ.,
Leyden.
787. Dunkle, E.C.; Merkle, F.C. 1943. The conductivity
of soil extracts in relation to germination and growth of
certain plants. Proceedings–Soil Science Society of America
8(C):185-88. [7 ref]
• Summary: Experiments with soybeans and six other crops.
“2. Soybeans, known to be a sensitive crop, had
germination reduced to 60% at a conductivity of 180 x 10-5
mhos. A conventional application through the grain drill of
150 pounds of this fertilizer might cause a similar reduction
in stand.” Address: 1. Asst. Prof. of Soil Technology; 2. Prof.
of Soil Technology. Both: Dep. of Agronomy, Pennsylvania
State College, State College, Pa.
788. Galston, Arthur William. 1943. The physiology of
flowering, with especial reference to floral initiation in
soybeans. PhD thesis in Botany, University of Illinois,
Urbana. [iv] + 93 + [i] leaves. Illust. 28 cm. [202 ref]
• Summary: During the past decade, much evidence has
been gathered to support the hypothesis that a specific floral
hormone (named florigen by Cajlachjan [Chailakhian], 1936)
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is produced in the leaves under appropriate photoperiodic
conditions, then is translocated by living cells to the buds.
The author summarizes these findings.
Note 1. This is the earliest document seen (Jan. 2002)
concerning growth regulators in soybeans.
Note 2. Under Arthur Galston, Wikipedia states (28
May 2013): Galston’s research and 1943 Ph.D. dissertation
focused on finding a chemical means to make soybeans
flower and fruit earlier. [1] He discovered both that
2,3,5-triiodobenzoic acid (TIBA) would speed up the
flowering of soybeans and that in higher concentrations
it would defoliate the soybeans. [1] He was drafted into
the U.S. Navy as an enlisted man and ultimately served as
Natural Resources officer in Naval Military Government on
Okinawa until his discharge in 1946. [2]
“In 1951 biological warfare scientists at Fort Detrick,
Maryland began investigating defoliants based upon
Galston’s discoveries with TIBA, eventually producing the
toxic defoliant Agent Orange used by the U.S. Air Force
for defoliation in Southeast Asia during the Vietnam War.
During this time, Galston taught as an associate professor at
the California Institute of Technology before moving to Yale
University [New Haven, Connecticut] where he taught from
1955 onwards.
“Beginning in 1965, Galston lobbied both his scientific
colleagues and the government to stop using Agent Orange.
[3] Galston and U.S. geneticist Matthew S. Meselson
appealed to the U.S. Department of Defense to investigate
the human toxicology of Agent Orange. [4] The research
conducted by the Department of Defense led to the discovery
that Agent Orange caused birth defects in laboratory rats. [4]
In 1971 this information led to U.S. President Richard M.
Nixon banning the use of the substance. [4] Galston made
numerous trips to Vietnam and China, including, with Ethan
Signer of MIT, as the first American scientists invited to visit
the People’s Republic of China. In 1971, he met Chou En-lai,
then Prime Minister, as well as King Norodom Sihanouk of
Cambodia, who then resided in Shanghai.” Address: Univ. of
Illinois.
789. Harston, C.B.; Albrecht, Wm. A. 1943. Plant nutrition
and hydrogen ion: IV. Soil acidity for improved nutrient
delivery and nitrogen fixation. Proceedings–Soil Science
Society of America 7(C):247-57. [7 ref]
• Summary: Experiment with Virginia soybeans. “In view
of these findings it seems evident that nitrogen fixation by
soybeans as one of the legumes may be more largely due to
proper nutrient supply or soil fertility than to soil acidity.”
Address: 1. Research Asst. in Soils; 2. Prof. of Soils. Both:
Dep. of Soils, Missouri Agric. Exp. Station, Columbia,
Missouri.
790. Mehlich, A.; Colwell, W.E. 1943. Influence of nature
of soil colloids and degree of base saturation on growth and

nutrient uptake of cotton and soybeans. Proceedings–Soil
Science Society of America 8(C):179-84. [15 ref]
• Summary: “In view of the limited information available
on the specific influence of the nature of colloids on the
growth and mineral uptake of plants, an investigation was
undertaken using an organic soil and three mineral soils
varying in their contents of the 1 to 1 and 2 to 1 lattice types
of colloid, and exhibiting wide differences in their pH-base
saturation relationships. The original soils were diluted
with sand to obtain quantitatively equivalent base exchange
capacities, and various levels of exchangeable Ca, H, and
Mg were established. Results showing the effects of nature
of soil colloid and degree of base saturation on growth
and mineral absorption by cotton and soybeans and on
nitrogen fixation by soybeans are reported.” Address: Assoc.
Agronomists, Dep. of Agronomy, North Carolina Agric. Exp.
Station, Raleigh, NC.
791. Rebelo Hespanha, Jaime. 1943. A soja: Cultura e
utilizacao dos seus produtos [The soybean: Cultivation and
use of its products]. Lisboa, Portugal: Livraria Rodrigues. 42
p. No index. [Por]
• Summary: Contents: Part I: Soybean culture. 1.
Introduction: History and origin, botanical description,
advantages of its cultivation for farmers. 2. Soybean culture:
Climate, terrain, types of culture, seed and sowing, varieties
and sub-varieties, seed characteristics, time of planting,
manuring and fertilizing, precautions during cultivation,
harvest. 3. Yields.
Part II: The products of soya and its utilization. 1. As
human food: As a green vegetable (como legume), flour
(farinha), milk (leite), cheese (queijo-caseina [tofu]), oil
(oleo), the hulls (bagaço). 2. Feed for cattle. 3. Industrial
products.
In Spanish the soybean is called “Soja, Soya, Haba, or
Guisante de Japan.”
In the section on soybean culture, pages 10-11 state:
“For 20 years [i.e. since 1923], the soybean has been
cultivated in Ribatejo, with the only goal of providing feed
for cattle. The soybean is now being cultivated technically
in Alentejo, in Baixo-Minho, and in parts of Estremadura.
[Note 1. Ribatejo, Alentejo, Estremadura, Baixa, and
Minho are all provinces of Portugal, according to the U.S.
Board of Geographic Names for Portugal, 1961.] The land
in these areas is well suited for growing soybeans. The
most admirable initiative for the cultivation of soybeans
in Portugal was undertaken by the Malange [Malanje]
Agricultural Station (in Angola), which obtained a yellow
variety that had been given an excellent classification in
Germany.
“Soybean cultivation in Angola could be extensively
spread, even among European farmers. The growing period
does not exceed 145 days, and the yield averages 700 kg of
seeds [per hectare], bringing a price of $25 (0.25 angolares)
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per kilogram. It would be good if the example given by
the Malange Agricultural Station would spread to the [area
around the] cities.”
Note 2 This is the second earliest document seen
concerning soybeans in Portugal, or the cultivation of
soybeans in Portugal. This document contains the second
earliest date seen for soybeans in Portugal, or the cultivation
of soybeans in Portugal (1923 in Ribatejo). The source of
these soybeans is unknown. The author was born in 1891.
Note 3. This is the earliest Portuguese-language
document seen (April 2013) that uses the term queijo caseina
to refer to tofu. Address: Major do S.A.M., Portugal.
792. Tavcar, Alois. 1943. Die Beziehnung zwischen Fett- und
Proteingehalt in Sojasamen (Glycine hispida Max.) [The
connection between the fat- and protein content in soybean
seeds]. Poljodjelska Znanstvena Smotra (Scientific Review of
Agriculture) 7:12-21. [10 ref. Ger]
Address: Institut fuer Pflanzuechtung der Land- und
fortswirtschaftlichen Fakultaet in Zagreb.
793. Tavcar, Alois. 1943. Odnos izmedu sadrzaja masti
i proteina u sjemenu soje (Glycine hispida Max.) [The
connection between the fat- and protein content in soybean
seeds]. Poljodjelska Znanstvena Smotra (Scientific Review of
Agriculture) 7:21-24. [10 ref. Scr]
• Summary: This is a long Serbian summary of the author’s
German-language publication. Address: Institut fuer
Pflanzuechtung der Land- und fortswirtschaftlichen Fakultaet
in Zagreb.
794. Wilson, J.K.; Westgate, P.J. 1943. Variations in the
percentage of nitrogen in the nodules of leguminous plants.
Proceedings–Soil Science Society of America 7(C):265-68.
• Summary: Analysis of root nodules of 12 genera of
Leguminosae, including soybeans. Address: 1. Soil
Bacteriologist; 2. Asst. in Bacteriology. Both: Dep. of
Agronomy, Cornell Univ., Ithaca, New York.
795. Piland, J.R.; Ireland, C.F.; Reisenauer, H.M. 1944. The
importance of borax in legume seed production in the South.
Soil Science 57(1):75-84. Jan. [16 ref]
• Summary: Effect of boron on plants of soybean, clover,
and alfalfa. “It is now commonly accepted that most legumes
have a relatively high requirement for boron. In many
instances low boron supply in the soil has been responsible
for low yields, or even failure of many legume crops.”
Address: North Carolina Agric. Exp. Station.
796. Withrow, R.B.; Withrow, Alice P. 1944. Effect of
intermittent irradiation on photoperiodic response. Plant
Physiology 19(1):6-18. Jan. [9 ref]
• Summary: Experiments with soybeans, spinach, cocklebur,
aster, and dill. “From these results, a theory has been

postulated concerning the kinetics of the photoperiodic
reaction based on two relationships which appear to limit
the photochemical reaction; namely, (1) the relatively slow
rate of the non-photochemical reaction which forms the
substance to be photoactivated; and (2) the relatively low
equilibrium concentration which this substance attains during
long periods of darkness.” Address: Purdue Univ., West
Lafayette, Indiana.
797. Woodworth, C.M. 1944. Creating new kinds of
soybeans. Soybean Processors’ Conference Report 1:8-12.
Feb. 24. Conference held in cooperation with University of
Illinois
• Summary: Contents: Introduction. Desirable characters.
Study of varieties. Breeding procedures: Selection,
hybridization, handling the F2 generation, backcrossing,
convergent improvement. Utilizing hybrid vigor. New
varieties of hybrid origin.
A successful soybean breeding program should attempt
to develop soybeans with the following characteristics: “1.
High yield of seed. 2. High percentage of oil and protein. 3.
Resistance to lodging, shattering, diseases, insect pests, and
adverse conditions. 4. Proper maturity.” Address: Univ. of
Illinois.
798. Pepkowitz, Leonard P.; Shive, John W. 1944. The
importance of oxygen in the nutrient substrate for plants–ion
absorption. Soil Science 57(2):143-54. Feb. [12 ref]
• Summary: Soybean and tomato were used as indicator
plants in studying the absorption of calcium, potassium, and
phosphate ions and the daily absorption was determined over
weekly experimental intervals at oxygen levels of 0, 4, 8, and
16 p.p.m.
“The absorption of all the nutrient ions considered was
directly related to the oxygen tension of the substrate. The
absorption of the nutrient ions was least at 0 p.p.m. and rose
to an optimum at the higher oxygen levels.
“For soybeans, the maximum absorption rate was
obtained at 16 p.p.m.” Address: New Jersey Agric. Exp.
Station.
799. Withrow, Alice P.; Biebel, J.P. 1944. Nicotine
fumigation injury in Biloxi soybean. Phytopathology
34(2):256-57. Feb.
• Summary: Chlorosis invariably followed nicotine
fumigation of Biloxi soybeans–within 24 hours after the
treatment.
Note: This is also Journal Paper No. 121 of the Purdue
Univ. Agricultural Experiment Station. Address: Dep. of
Horticulture, Purdue Univ., West Lafayette, Indiana.
800. Scholfield, C.R.; Bull, W.C. 1944. Relation between the
fatty acid composition and the iodine number of soybean oil.
Oil and Soap 21(3):87-89. March. [6 ref]
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• Summary: Considerable variation was reported in the
percentage of each of the unsaturated fatty acids in soybean
oil from 10 varieties grown in different years. Linolenic acid
ranged from 1% to 10% of the total in the oil.
The ratio of saturated to unsaturated fatty acids in
soybean oil was found to be relatively constant, regardless of
the iodine number (over the range 102.9 to 151.4). Address:
U.S. Regional Soybean Industrial Products Lab.
801. Weber, C.R. 1944. Lincoln: a new variety high in yield
and oil content. Soybean Digest. March. p. 6-7.
• Summary: “Article and photos are from Farm Science
Reporter.” Editor’s introduction: “Account of a new
outstanding soybean variety that will be grown on Midwest
farms in the near future.
“A new soybean variety that has ‘showed its heels’ in
yielding ability to every other bean with which it has been
compared in Iowa for the last five years will be grown by a
few Iowa farmers in 1944 and it should be in the hands of
many who want to give it a try in 1945 and 1946. It promises
to be one more vital aid to our farmers in their ‘food battle’
of this war period.
“The new variety, Lincoln, has outyielded Richland,
Mukden, B.H. (Black Hilum) Manchu, Dunfield and Illini
in northern, central and southern Iowa tests that range from
three to five years. The Lincoln has been ahead of every
other variety in yield in all of these tests every year. But that
doesn’t mean that it may be just the variety you want. For
instance, it doesn’t stand up nearly as well as Richland, not
quite as well as Mukden, but it is better than Dunfield and
Illini. In none of the Iowa station tests has it ever lodged
badly enough to cause excessive loss in harvesting. Then,
too, Lincoln is too late, our tests show, to be safely grown in
the northern third of Iowa. We are therefore recommending
that it be grown only in the counties from Woodbury,
Webster, Black Hawk and Dubuque south and not in any
counties north of these.
“We do not need to lean entirely on the Iowa station tests
to measure the yielding ability of this new soybean variety,
for it has had extensive tests in Ohio, Indiana, Illinois,
Missouri and Nebraska also. As an average of 61 replicated
trials in those five states and Iowa during the five years of
1938 to 1942, Lincoln has outyielded Illini and Dunfield
by an average of 6.1 bushels to the acre, or 22 percent. It
has averaged a day earlier than Illini, has lodged less than
either Dunfield or Illini and has had superior seed quality.
It has been superior to Dunfield in percentage of protein,
percentage of oil and drying quality of the oil. Dunfield has
been considered the best variety in quality of oil.
“And so–for the southern two-thirds of Iowa, as well as
many areas of our surrounding states–Lincoln offers to step
up yield of beans to the acre and, because of its higher oil
content, it should be a real boon in this war period when fats
and oils are so badly needed.

“In order to insure the widest distribution and the
most rapid increase of high quality seed of this new bean
variety, local units of the different farm organizations in the
southern two-thirds of Iowa were asked to recommend men
in the different counties best qualified from the standpoint
of previous experience, equipment and weed free soil, to
receive the 1943 seed. The whole effort has been to place
the seed in such a way as to insure its most rapid increase
and ready availability to the largest number of farmers for
planting in 1945. Arrangements have already been made for
the distribution of the entire 1943 seed supply. Many should
be able to obtain seed locally for planting in 1945 and almost
anyone who wants it for the 1946 crop.
“Not a ‘Hybrid’: Lincoln is not a ‘hybrid’ bean–it
came from a natural variety cross between a white flowered
Mandarin and Manchu. The original hybrid between these
two varieties was grown by C.M. Woodworth at the Illinois
Agricultural Experiment Station in 1935. From individual
plant selections made and tested by L.F. Williams of the
United States Regional Soybean Laboratory, in short progeny
rows, this new variety of Lincoln originated. It was first
tested in yield trials in 1938.
“In search for superior adapted varieties of soybeans
approximately 3000 plant introductions from the Orient
have been tested cooperatively in Iowa by the United States
Regional Soybean Laboratory and the Iowa Agricultural
Experiment Station. Varieties now recommended, such as
Mukden, Richland, Illini, Dunfield, Black Hilum Manchu
and so forth. are the result of single plant selections from
plant introductions into the United States. However, not all
of these varieties were selected in Iowa. Nor was the Lincoln
variety selected in Iowa. The greatest emphasis in soybean
breeding work in Iowa is on the production of superior
varieties for commercial utilization.
“Soybeans, like oats, are naturally self-pollinated. To
artificially make a hybrid, it is therefore necessary to apply
pollen by hand from one variety to the newly opened flower
of another variety. This cross pollination must be performed
at a critical stage, and even with skilled workers only a few
crossed seeds can be produced from many hours work.
“The Iowa Station and other experiment stations are
doing some hybridization in cooperation with the Regional
Soybean Laboratory. For example, we are trying to ‘hook
up’ through hybridization the early maturity and ability
which Richland has to stand up and not lodge along with the
yielding ability and the good oil qualities of Lincoln.
“Hybridization in soybeans is quite different from that
in corn. With corn the plant breeder takes plants which
normally are cross-pollinated and sees that they are selfpollinated–producing inbreds–finally getting them into
purified lines. These inbred lines are then crossed to get the
‘push’ which the crossing of inbreds brings.
“Obviously when you have to open the tiny flower of
the soybean at just the right stage (using good light and
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magnifying glasses in order to see what you are doing) and
dust on it carefully the pollen from another variety in order
to get one soybean pod, we can never hope to get much
hybrid soybean seed. Sometimes these pollinations do not
‘take,’ and in that case you get no seed for the work. If the
pollination is successful you may get from one to three
seeds–average one. The specific purpose of hybridization in
soybeans is to bring together and recombine the characters
of two varieties so that in later generations you can select the
one or ones that have the particular characters you want.
“It was through a cross of varieties that Lincoln
originated, but the cross happened to be one of the few
natural crosses–not made by man.
“Lincoln has a yellow seed with a black hilum (scar),
white flowers, tawny (brown) pubescence (the hairiness of
stems and leaves) and resembles Manchu in general habit
and growth.
“Lincoln is not the ‘last word’ in soybeans and we hope
that in the future other still better ones will come. In the
meantime, until Lincoln seed becomes available for those in
the areas to which it is adapted, what should we do to step up
production? Iowa stands second in the United States in the
number of bushels of soybeans produced, but third (Illinois
and Ohio are ahead) in yield per acre. Iowa soybean yields
can be expected to rise steadily as farmers gain experience
with this crop, which is well adapted to Iowa soil and
climate.
Photos: (1) A single plant of Lincoln which measured
51 inches in height. (2) “This picture [of Lincoln soybean
plants growing in a field] was taken just before maturity.”
(3) “Lincoln plants at the combine stage.” (4) This “picture
shows the technique in hybridizing soybeans. Magnifying
glasses and good light are essential. The tiny flower must
be carefully opened and the pollen of another variety dusted
on the seed producing parts. Lincoln is not a hybrid, but a
pure line selection from a hybrid population.” Address: Asst.
Agronomist of the USDA stationed at Iowa State College
[Ames, Iowa].
802. Bower, C.A.; Pierre, W.H. 1944. Potassium response of
various crops on a high-lime soil in relation to their contents
of potassium, calcium, magnesium, and sodium. J. of the
American Society of Agronomy 36(7):608-14. July. [13 ref]
• Summary: Soybean was one of the seven crops studied.
“Large responses to K fertilization were obtained with corn
and sorghum, whereas only slight to moderate responses
were obtained with flax, oats, and soybeans... It appears
that these crops respond but little to K fertilization because
the Na which they absorb substitutes for K in the plant and
thereby lowers the crop demand for K.” Address: 1. Research
Asst. Prof.; 2. Research Prof. of Soils. Both: Iowa Agric.
Exp. Station. Ames, Iowa.
803. Probst, A.H.; Cutler, G.H. 1944. Lincoln: A new mid-

season variety of soybean well adapted for central Indiana.
Indiana (Purdue) Agricultural College, Agronomy Mimeo
No. 42. Aug. 5 p.
• Summary: “Lincoln is the most promising mid-season
variety of soybean released to date.
“Origin: The Lincoln soybean variety is a selection
from a natural cross, probably between a white-flowered
Mandarin plant and Manchu, made in 1934, by Dr. C.M.
Woodworth, Chief in Plant Genetics, Illinois Agricultural
Experiment Station. The final selection, L6-685, was made
by Dr. L.F. Williams, Associate Agronomist, U.S. Regional
Soybean Laboratory*, Bureau of Plant Industry, Soils,
and Agricultural Engineering, United States Department
of Agriculture, cooperating with the Illinois Agricultural
Experiment Station in soybean breeding.
“Description: The Lincoln soybean resembles the
Mandell variety in appearance, height, standing ability,
time of maturity, and in most other respects except that it is
higher yielding, produces seed of much higher oil content,
and has white flowers instead of purple. The white flowers
distinguish it from all other varieties with brown pubescence
now grown in Indiana. Lincoln is intermediate in height
between Dunfield and Illini. It lodges less than either of these
two varieties, but is not as stiff-stemmed as Richland.
“The seed is yellow with a prominent black hilum,
medium in size (3,000 per pound), about the same size
as Mandell, slightly larger than Illini (3,200 per pound),
and slightly smaller than Dunfield (2,750 per pound),
and Richland (2,800 per pound). Three seeds to the pod
predominate when grown on fertile soil.
“Cooperative Tests in Indiana: The U.S. Regional
Soybean Laboratory has cooperated in the testing of soybean
varieties at eight different locations representing different
soil and climatic conditions in Indiana. Lincoln has been
included from one to four years at all locations and the yield,
chemical composition, and maturity results as compared to
several other varieties of soybeans are given in Tables 1, 2,
and 3.
Footnote: * A cooperative organization participated
in by the Bureau of Plant Industry Soils, and Engineering,
Agricultural Research Administration of the U.S. Department
of Agriculture and the Agricultural Experiment Stations of
Arkansas, Florida, Georgia, Illinois, Indiana, Iowa, Kansas,
Louisiana, Michigan, Minnesota, Mississippi, Missouri,
Nebraska, North Carolina, North Dakota, Ohio, Oklahoma,
South Carolina, South Dakota, Tennessee, Texas, Virginia,
and Wisconsin.
On page 3 are 2 tables: (1) “A Comparison of Yield,
Maturity, and Chemical Composition of Lincoln and Several
Other Varieties of Soybeans Grown at Four Locations in
Northern and North Central Indiana.” The other varieties
are: Early: Earlyana, Richland. Mid-season: Dunfield,
Illini, Lincoln. The four locations are LaGrange, Wanatah,
Bluffton, Lafayette. The chemical composition gives (in all
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tables) the percentage of oil, percentage of oil, and iodine
number of the oil.
(2) “A Comparison of Yield, Maturity, and Chemical
Composition of Lincoln and Several Other Varieties
of Soybeans Grown at Three Locations in Central and
Southeastern Indiana.” The other varieties are: Mid-season:
Dunfield, Illini, Lincoln. Late: Patoka, Chief. The three
locations are Lafayette, Greenfield, Vernon.
Page 4: The top half contains a third table and the
bottom half more text: (3) “A Comparison of Yield,
Maturity, and Chemical Composition of Lincoln and Several
Other Varieties of Soybeans Grown at Two Locations in
Southwestern Indiana.” The other varieties were: Midseason: Illini, Lincoln. Late: Patoka, Chief, Gibson, Kingwa.
“Adaptation: The Lincoln variety of soybean is well
suited to the same conditions under which other varieties
of the same maturity group, such as Dunfield, Mandell,
Manchu, and Mingo, are grown in Indiana, and might well
replace these varieties in this state because of its high yield,
good standing ability, and high oil content. It is best adapted
in central Indiana. Lincoln should be used only for early
planting in northern Indiana and for medium-late planting
south of U.S. Highway 50, because of its time of maturity.
Earlyana, Richland, Patoka, Gibson, and Chief, are expected
to continue to fill the conditions of their Special adaptation
for which they have been recommended.
“Seed Quality: Lincoln has equalled or excelled Illini
and Dunfield in seed quality in central and northern Indiana.
It has produced seed of a poorer quality than Gibson or
Chief, when planted in May in southwestern Indiana in 1942
and 1943, but has about equalled the seed quality of Illini in
this area of the state. Date of planting studies at Evansville
indicate that fairly good seed quality is obtained with Illini
when planted after the first week of June. Similar results may
be expected with Lincoln.
“Cooperative Regional Tests: Lincoln has been widely
tested throughout the soybean belt in 95 cooperative
tests between the U.S. Regional Soybean Laboratory and
the Illinois, Ohio, Iowa, Missouri, Nebraska, Michigan,
Wisconsin, Virginia, and Purdue Agricultural Experiment
Stations. The tests were conducted in Illinois in 1938: Illinois
and Ohio in 1939: Illinois, Ohio, Iowa, and Indiana, in
1940 and 1941: Illinois, Ohio, Iowa, Indiana, Missouri, and
Nebraska, in 1942: and in Illinois, Ohio, Iowa, Missouri,
Nebraska, Michigan, Wisconsin, Virginia, and Indiana, in
1943. The results of these tests are presented in Table 4.
Page 5 contains two tables plus text. Table (4):
“Summary of Yield and Chemical Data for Lincoln, Illini,
and Dunfield Soybeans Grown in Regional Tests in Indiana,
Illinois, Ohio, Iowa, Missouri, Nebraska, Wisconsin,
Michigan, and Virginia, 1938-1943.”
“Lincoln has exceeded the average yield of Dunfield and
Illini in each of the individual years and has averaged 5.2
bushels, or 18.6 per cent. higher than these varieties for the

six-year period. It likewise has had better quality seed and
has lodged less than either of these varieties. The oil content
has been high, even exceeding Dunfield, a variety noted for
its high oil content. In these tests, Lincoln has matured about
one and one-half days earlier than Illini and about the same
as Dunfield.
“Lincoln Excels Mandell in Grain Yield and Oil
Content: In 31 of the cooperative regional tests conducted
in the states indicated above during the three-year period
1940-1942, Lincoln averaged 34.2 bushels per acre and 21.4
per cent oil in comparison to Mandell which averaged 28.3
bushels per acre and only 19.1 per cent oil.
“Hay Yields: Hay yield tests were made at Lafayette,
Indiana, by R.R. Mulvey, Associate in Crops in Agronomy,
Purdue University, and are presented in
Table 5: “Yield of Hay of Lincoln and Several Other
Varieties of Soybeans Grown at the Soils and Crops Farm,
Lafayette, Indiana, 1942-1943.” The varieties are: Early:
Earlyana. Mid-season: Lincoln, Dunfield. Late: Gibson,
Patoka. Gibson had the highest hay yield at 2.82 tons/acre
compared with Lincoln at 2.68.
“Lincoln Soybean Seed Available for 1945:
Approximately 5,600 acres were planted with the Lincoln
soybean in 1944 in 75 Indiana counties by some 300 growers
who agreed to have the seed certified and make it available
for planting in 1945. Since Lincoln growers are located in all
the important soybean-growing counties in the state, a supply
of seed should be available locally. The names of local
growers may be obtained from the county agent: or seed
sources secured by writing to the Indiana Corn Growers’
Association, West Lafayette, Indiana.” Address: 1. Assoc.
Agronomist, Div. of Forage Crops and Diseases, Bureau
of Plant Industry, Soils, and Agricultural Engineering,
Agricultural Research Administration, USDA; 2. Asst.
Chief in Agronomy, Purdue Univ. Agric. Exp. Station [West
Lafayette, Indiana].
804. Roberts, James L.; Olson, F.R. 1944. Influence of
phosphorus and potassium on symbiotic nitrogen fixation. J.
of the American Society of Agronomy 36(8):637-45. Aug. [14
ref]
• Summary: Experiments with soybean, alfalfa, and clover.
Table 2, “Nodulation and nitrogen content of soybeans
and lespedeza from Bedford plots in July, 1938,” shows
vividly for soybeans how nodules per plant, weight per plant
(grams), % N, and total N per plant increased with treatments
of lime, phosphorus, and potassium. “Soybeans deficient
in phosphorus are relatively lower in percentage nitrogen
content and contain a somewhat higher concentration of
soluble nitrogen than normal plants, suggesting that a
deficiency of phosphorus may inhibit nitrogen fixation by
interrupting protein synthesis.
“Soybeans deficient in potassium are relatively higher
in percentage nitrogen and contain a lower concentration

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 342
of soluble nitrogen than normal plants. These facts may be
explained by assuming potassium to have some role in the
synthesis or mobilization of carbohydrates.” Address: 1.
Assoc. Bacteriologist in Botany and Plant Pathology; 2. Asst.
in Agronomy and Botany and Plant Pathology. Both: Dep. of
Agronomy and Dep. of Botany and Plant Pathology, Purdue
Univ. Agric. Exp. Station, West Lafayette, Indiana.
805. Carter, Deane G.; Holman, Leo E. 1944. Soybean
storage studies. Soybean Digest. Sept. p. 35, 64.
• Summary: Contents: Introduction. Respiration studies.
Moisture changes. Bin structure. The storage of soybeans
on the farm involves problems of properly designed
structures, insect infestation and control, the maintenance or
improvement of the quality of stored beans, and the effect
of typical farm storage on the market grades, condition, and
quality.
“A comprehensive study was established at the Illinois
Agricultural Experiment Station in 1943, in order to find the
answers to some of the many questions that relate to farm
storage. The problems of storage can be solved only by the
continued study of full-sized farm-type bins with sufficient
duplication to verify the results. The Illinois project has
not been in operation long enough to warrant conclusions.
Nevertheless, considerable progress has been made in
methods of operation and in tentative results that indicate the
need for more detailed study.
“The project facilities include 67 storage bins of various
types. About 60,000 bushels of soybeans were stored in 1943
at different moisture contents and in various types and sizes
of bins. The comparisons of structures include the following:
“Bin sizes: From 760 to 2,800 bushels.
“Bin colors: White, black, red, and natural galvanized
steel.
“Bin shapes: Round, square, 12-sided, and oblong;
depths from 6 to 13½ feet.
“Construction materials: Steel sheets, matched boards,
painted plywood, and asphalt-covered plywood.
“Foundations: Crushed rock, concrete blocks, and
earth fill.” Address: 1. Prof. of Farm Structures, Dep. of
Agricultural Engineering, Univ. of Illinois; 2. Agricultural
Engineer, USDA.
806. Cartter, J.L. 1944. What is the U.S. Regional Soybean
Laboratory doing? (Continued–Document part II). Soybean
Digest. Sept. p. 22, 62.
• Summary: (Continued): “One of the more important
projects of the U.S. Regional Soybean Laboratory is the
development and distribution of breeding stocks containing
the best of the germ plasm discovered through yield testing
and chemical analysis. There is a demand for early varieties,
and to supply this need a rather comprehensive group of
crosses has been made, including the most important early
strains in combination with themselves and with later strains

outstanding in yield and composition of seed, resistance to
lodging, and other agronomic factors. These stocks have
great promise for producing strains for the northern states
that are early, high yielding, resistant to lodging, and high in
oil content. Lincoln, one of the superior varieties, has been
crossed with Richland, a strain maturing about a week earlier
and outstanding in lodging resistance. This hybrid was
backcrossed to Lincoln in an attempt to secure a strain with
the high yield and oil content of Lincoln and the earliness
and lodging resistance of Richland. Such a strain would be of
great value in northern Ohio, Indiana, Illinois, and Iowa, and
in southern Minnesota and Wisconsin.
“Several thousand selections from the back-cross
are being grown this year in these states in the search for
improved lines. Another backcross involving Lincoln and
Pagoda, a very early Canadian variety, was made to secure
a strain with the yield and composition of Lincoln and early
enough for the northern states of the North Central Region.
This segregating material has been distributed widely for
testing.
“Disease Not Neglected: Breeding for disease resistance
has not been neglected. A pathological section was added to
the Laboratory in the spring of 1943 and an intensive search
started to locate disease resistant soybean lines to use in the
breeding program. In connection with this study it has been
necessary to learn more about the fundamental host-pathogen
relationships and the conditions for infection so that the
soybean strains in a nursery could be given an adequate test
for disease resistance.
“A study of the behavior of soybean strains has indicated
very clearly that soybean breeding problems cross state
lines and that a regional approach to the problem and close
cooperation between interested agencies is most desirable,
both from the standpoint of economy of operation and
of progress in the developing of improved strains. The
development of the variety Lincoln is a good example of
the value of cooperative testing by several state experiment
stations. The establishment of a chemical section in the
Soybean Laboratory has made possible for the first time an
extensive use of chemical analysis as a very important tool in
the breeding work. The cooperation of other bureaus in the
U.S. Department of Agriculture and of industrial processors
has aided in determining the type of soybeans needed as a
raw material for industrial and food use. Thus the increased
need for cooperation and the increased dividends resulting
from this cooperation are seen in the progress of the work to
develop improved strains of soybeans to fill specific needs.
“In the future one of the most useful functions of the
U.S. Regional Soybean Laboratory will be the production
and distribution of segregating material from promising
soybean crosses and the coordination of the testing program
over the region to provide for the more rapid development of
improved varieties and strains.”
Note: This is the earliest document seen that clearly
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describes the history and evolution of the concept of
“maturity group”–although it never uses that exact term.
Instead it uses terms such as “maturity rating,” “uniform
nursery groups,” “Group 0,” “Group I,” “Group II” up to
“Groups V, VI. and VII.” The clarification of these concepts
came out of the cooperative trials of the U.S. Regional
Soybean Industrial Products Laboratory.
A small portrait photo shows J.L. Cartter.
807. Woodworth, C.M. 1944. Creating new kinds of
soybeans. Soybean Digest. Sept. p. 56-58.
• Summary: A successful soybean breeding program
should attempt to develop soybeans with the following
characteristics: “1. High yield of seed. 2. High percentage of
oil and protein. 3. Resistance to lodging, shattering, diseases,
insect pests, and adverse conditions. 4. Proper maturity.
All these characteristics belong to the class of quantitative
characters, and as such are greatly affected by environmental
conditions, often require particular conditions for expression,
and are usually determined by a large number of genes
resulting in a complex mode of inheritance.”
“Since seed yield is the end result of all the activities
of the plant, it is extremely complex from the breeding
standpoint. By that is meant that a large number of genes is
involved, perhaps a hundred or more, which differ in extent
of dominance, and in their relationship to each other, whether
independent or linked. In addition, variations due to growth
conditions, though not inherited, are always confusing to the
breeder. Seed yield in soybeans is determined by the number
of seed and the size of seed.” Larger yields may be obtained
by increasing the number of seeds, the size remaining the
same, or by increasing the size of the seeds, the number
remaining the same, or by increasing both the size and the
number.
Crossing is the only way to bring desirable
characteristics for several varieties into one variety. “Many
crosses between soybean varieties exhibit hybrid vigor. It is
generally considered that a hybrid exhibits hybrid vigor if
it exceeds both parents in some particular character such as
yield of seed, height of plant, or total dry matter of plant.
“But this hybrid vigor, even though large in some
crosses, cannot be utilized for increased production by the
soybean grower. In contrast to corn, soybean hybrids are
tediously and painstakingly made by removing the anthers
of the flower borne on the female parent and then pollinating
with pollen collected from flowers borne on the male
parent. An expert hybridizer working every day during the
period flowers are available would do well to produce a few
hundred seeds in this way.”
A table shows “Sources of desirable germ plasm” for
various characteristics. Shattering resistance: Chief, Illini.
Lodging resistance: Richland, Mandell. Japanese beetle
resistance: Chief, Illini, Gibson. Oil content: Lincoln,
Dunfield. Early maturity: Earlyana, Richland. Late maturity:

Chief, Pakota.
A portrait photo shows Woodworth. This is the earliest
photo seen of Woodworth. Address: Univ. of Illinois.
808. Loomis, W.E. 1944. Effect of heavy applications of
gypsum on plant growth. Plant Physiology 19(4):706-08.
Oct.
• Summary: Experiments with oats, corn, and soybeans.
“Summary: The application of gypsum to potted crop
plants at a rate equivalent to 100,000 lb. per acre did not
significantly affect the growth of corn or soybeans. In ten
paired tests the yield of oats was increased 4.83 ± 1.64 per
cent., a value which just exceeds the 5 per cent. level of
significance. The data suggest that heavy and long continued
application of this neutral calcium salt will not injuriously
affect the yields of crop plants on these soils.” Address: Iowa
State College, Ames, Iowa.
809. Asai, Toichi. 1944. Ueber die Mycorrhizenbildung der
Leguminosen-Pflanzen [On the building of mycorrhizae in
leguminous plants]. Japanese J. of Botany 13(3):463-85.
Nov. 28. [12 ref. Ger]
• Summary: Among the important crops plants that have
vesicular-arbuscular (VA) mycorrhizae are soybeans. Table 1
(p. 465-66) shows the various leguminous plants (including
soybeans) in which the existence of active endotrophic
mycorrizae have been confirmed. A table (p. 472) gives
details on cultivated soybeans. A detailed summary of the
article is given (p. 484-85). Address: Botanical Lab., Fifth
Higher School of Kumamoto.
810. Arnould, J.F. 1944. Le Soja [Soybeans]. Revue
d’Agronomie Coloniale (Costermansville) 1(2):7-39. Dec.
[Fre]*
• Summary: Contents: Summary. Part I. Introduction.
Botanical. Soybean culture. Threshing. Yields. Storage.
Inoculation. Part II. Varietal improvement: Adaptation,
selection, study of heredity. Chemistry of the soybean.
Technology: Uses, transformations. Address: Ingenieur
Agronome A.I. Gx. [Association des Ingenieurs sortis
de l’Institut Agronomique de l’Etat a Gembloux]
[Costermansville].
811. De Almeida, J. 1944. O fotoperiodismo na Soja hispida
[The photoperiodism of Soja hispida]. Moench. Agron.
Lusitana 3:183. [Por]*
812. Hamner, Karl C. 1944. Photoperiodism in plants.
Annual Review of Biochemistry 13:575-90. *
• Summary: “The topic of photoperiodism has received
considerable attention during the last eight years by various
reviewers. These have dealt with general Reviews of the
subject (1 to 5), or with such phases as sex expression (6),
nutrition (7, 8), temperature relationships (9), and flowering
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responses and theories related thereto (10 to 14). These
cover the literature up to 1937 rather completely and less
completely up to and including 1940.” Address: USDA/ARS
Ithaca, New York.
813. Fuelleman, R.F. 1944. Hail damage to soybeans; report
of 1943 results. Transactions of the Illinois State Academy of
Science 37:25-28. *
814. Kelley, W.P. 1944. Contributions of Rothamsted to soil
chemistry. Proceedings–Soil Science Society of America
8(C):12-14.
• Summary: “The demonstration at Rothamsted that crop
yields can be maintained at a high level by the application
of artificial chemical fertilizer has had wide and important
consequences.” Address: Prof. of Soil Chemistry, Univ. of
California, Berkeley, California.
815. Norman, A.G. 1944. Soil microbiology at Rothamsted.
Proceedings–Soil Science Society of America 8(C):15-17.
• Summary: “It was not until E.J. Russell commenced
his studies on biochemical processes in soil about 1907
that Rothamsted can really be said to have commenced
to participate in the then rapidly developing field of soil
microbiology.” Address: Research Prof. of Soils, Iowa Agric.
Exp. Station, Ames, Iowa.
816. Russell, E.J. 1944. Re: Rothamsted Experimental
Station. Proceedings–Soil Science Society of America
8(C):3-4.
• Summary: Typewritten letter to Dr. Firman E. Bear, Soil
Science Society of America, Rutgers University, New
Brunswick, New Jersey, U.S.A.
“My Dear Dr. Bear,
“The Staff of’the Rothamsted Experimental Station learn
with great pride and satisfaction that the Soil Science Society
of America propose to hold a symposium commemorating
the One Hundredth Anniversary of the founding of this
Station. The exigencies of the war unfortunately rule out
any possibility of our members attending your meeting
but you may rest assured that we shall all look forward
with the greatest interest to having the full account of the
proceedings.
“Throughout our long history the most friendly relations
have always subsisted between the workers at Rothamsted
and our colleagues in the United States, indeed our original
Trust deed contained a clause to the effect that a lecturer
should be sent Annually to the United States to give an
account of the Rothamsted work and to make contacts with
scientific workers there. This clause had to be abandoned
because of the lack of lecturers in those days: after the first
three or four years the reserves were all exhausted. Were
the clause still in operation there would no longer be this
difficulty!

“It is the earnest hope of all the Rothamsted workers that
we may continue to enjoy the friendship and good wishes of
our American colleagues and we on our part shall strive to
do all we can to ensure this. We feel firmly convinced that
the surest way of securing the fruitful prosecution first of
this war and then of the world reconstruction that will have
to follow, must be through close and friendly co-operation
between the scientific and technical experts who will have
so important a part to play in determining the pattern of
international life in the years to come.
“Yours very truly,
“(Signed) E. J. Russell.”
817. Saillenfest, Jean. 1944. Le Soya: Sa culture et ses
utilisations [The soybean: Its culture and uses]. Paris:
Editions de Montsouris, 1 rue Gazan, Paris XIV. 96 p. 19 cm.
Series: Collection Rustica. Preface by Pierre Chouard. [10
ref. Fre]
• Summary: Contents: Preface. Foreword. 1. The soybean
worldwide and in France. 2. The plant: Botanical description,
varieties, vegetative cycle, climate, area of cultivation. 3.
Soybean culture: In fields (fertilizer and soil amendments,
symbiotic bacteria, sowing, soya forage), in the garden. 4.
Diseases and enemies of the soybean. 5. Soybean utilization:
Table of uses, main industrial uses, uses on the farm, the
soybean in the family cuisine (green vegetable soybeans
[graines de soya vertes], soy sprouts [germes de soya],
soaking soybeans, cooked ground soybeans [pâté de soya],
soya desserts (dry roasted soynuts [Soya grillé], soy cakes
and confections with roasted soy flour), soy coffee, how to
make soy flour at home, soymilk, tofu [fromage de soya]). 6.
Regulation of soybean varieties: Table of varieties: The role
of G.I.O.M. (Groupement interprofessionnel des oléagineux
métropolitains), growing contracts, classification and catalog
of varieties, prices of seeds, how to obtain seeds. Address:
France.
818. Waksman, Selman A. 1944. The Rothamsted
Centennial: the men who made Rothamsted. Proceedings–
Soil Science Society of America 8(C):5.
• Summary: “John B. Lawes, a practical farmer, a brilliant
observer, and a shrewd business man visualized the
vast opportunities that were thus opened for agriculture,
especially in the field of soil fertilization for increased crop
production. Particularly impressed by the investigations of
De Saussure on the nutrition of plants, he decided to devote
himself to a study of the relations between chemistry and
agriculture. In a series of pot experiments begun in 1837 and
extended in 1838 and 1839, he used spent animal charcoal as
a manure and discovered that treatment with sulphuric acid
greatly increased its effect upon plants.”
“In 1843, Lawes succeeded in enlisting the services of
Dr. Joseph H. Gilbert, a young and well-trained chemist,
and established the Rothamsted Laboratory. This led to
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an association of these two men that lasted more than half
a century and resulted in a body of knowledge that was
destined to revolutionize agricultural practices. These
two Rothamsted pioneers were far more practical than
Liebig, depending more largely on the experimental field
method than on speculation. They were more far-sighted
than Boussingault, since they succeeded in placing their
experimental work on such a firm foundation that it has
persisted long after their death...”
819. Division of Agronomy. 1944? Late planting of corn and
soybeans. Indiana (Purdue) Agricultural College, Mimeo
No. 56. 4 p. Undated. [1 ref]
• Summary: This mimeo (which is mostly about corn and
corn hybrids) says the following about soybeans:
“How late can soybeans and corn be planted and still
be reasonably sure of maturing crops that can be stored or
marketed? So many factors affect the maturity of these crops,
such as variety, fertility, soil type, amount and distribution
of rainfall, September and October temperatures, etc. that no
absolute answer can be given to this question. Nevertheless
farmers have to face this problem of delayed planting,
because of excessive rains.
“The attached table [p. 4] gives the latest dates that corn
hybrids and soybeans of the different maturity groups can
be planted, in different parts of the state, with reasonable
expectation of safe maturity. These planting dates are based
on time of planting, experiments and maturity studies of both
corn and beans by the Agronomy Department of Purdue,
and should be applied on the basis of average fertility and
average dates of killing frosts. Later than average frost dates
or higher than average fertility would make slightly later
planting dates possible and, vice versa, earlier than average
frost and lower than average fertility would require slightly
earlier planting than indicated.”
“Late planting shortens the necessary growth period
of Soybeans, but later than normal planting results in less
growth and lower yields even tho beans mature fully. Late
corn planting results in high moisture content late in the
season when the weather is such as to double the time
required to dry the crop sufficiently for storage as compared
to the same corn planted at an earlier date. Too much delay
results in a soft corn crop that will not dry out for safe
storage.
“Soybeans for Hay may be planted later than is shown
in the table, with the result that hay making will be late
unless the crop is harvested at an earlier stage than is usually
followed.”
The full-page table (p. 4) concerns safe planting dates
when the state is divided into four regions: north, north
central, south central, and southwestern. For soybeans, one
set of dates is given for Richland (from June 15 to July 20),
another set for Mandell, Dunfield, and Illini (from June 5 to
July 15), and a third set for Kingwa No. 7, Kingwa No. 5,

Chief, Patoka, and Gibson (from June 10 to June 30).
Note 1. The date received stamp shows that this
document was received by USDA’s National Agricultural
Library (NAL) on 11 July 1944.
Note 2. Purdue Univ. Special Collections states: This
mimeo was published once (in about 1944; undated) with
two separate revisions published afterward (total of three
publications numbered 56ar, 56ar2, and 56ar3 at four pages
each equals 12 total pages); published in 1956. Address:
Purdue Univ. Dep. of Agricultural Extension [Lafayette,
Indiana].
820. Woodworth, C.M. 1945. Lincoln and other new
varieties of soybeans. National Farm Chemurgic Council,
Chemurgic Paper No. 409. 3 p. Feb. 7.
• Summary: “Broadcast over Radio Station WILL, Farm and
Home Week, February 7, 1945. Published by the National
Farm Chemurgic Council, 50 West Broad Tower, Columbus
15, Ohio.
“Few new crop varieties have enjoyed as much
popularity as the Lincoln soybean. Although 8,000 acres
were grown in Illinois in 1944 and more than 200,000
bushels were produced, the demand for seed has greatly
exceeded the supply. Most producers were sold out soon
after the beans were harvested. There should be a largo
acreage planted to Lincoln beans in Illinois this year and
there should. be sufficient seed produced to plant in 1946 the
whole are to which this variety is adapted.
“Due to high yield of seed, good standing ability, and
high percentage of oil, Lincoln will likely supersede other
varieties in its maturity group. It has yielded well in tests
at Mt. Morris, Ogle County in northern Illinois, and also at
Alhambra in Madison County in southern Illinois, but has
done best at Urbana, Champaign County, in central Illinois.
Being only a day or two earlier than Illini, it is classed as
medium in maturity. It is not expected to replace earlymaturing varieties such as Richland and Earlyana or latematuring varieties such as Patoka, Chief, and Gibson, but it
may make inroads on the acreage of all these varieties.
“Lincoln’s superiority. in yield of seed is evident
from many tests that have been made by the Agronomy
Department, University of Illinois, and the United States
Regional Soybean Laboratory. If we use Illini yields for
comparison we find that in the agronomy tests Lincoln
exceeded Illini at Mt. Morris by 4.8 bushels as an average of
two years: at Urbana by 5.8 bushels as an average of three
years; and at Alhambra by 4.4 bushels, a two-year average.
As an average of 49 rod-row tests made by the United States
Regional Soybean Laboratory in Ohio, Indiana, Illinois,
Wisconsin, Iowa, and Nebraska, Lincoln exceeded Illini by
4.8 bushels per acre. Other data furnished by the laboratory
are also favorable to Lincoln. In 3 years’ tests at Mt. Morris,
in northern Illinois, Lincoln averaged 20.0 bushels per
acre and Illini 18.1 bushels; in 5 years at Urbana in central
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Illinois, Lincoln averaged 42.0 bushels and Illini 34.4; at
Edgewood in southern Illinois, Lincoln yielded 22.3 bushels
aid Illini 18.6 bushels. Thus, regardless of the section of the
state in which the tests were conducted, north, central, or
southern, Lincoln was the better yielder. If we assume that,
as a general average, Lincoln has a 5-bushel advantage over
Illini, this amounts to nearly 17 percent on a base yield of 30
bushels per acre.
“Though Lincoln is not classed as an early variety, it
has yielded more at Mt. Morris than Richland, Earlyana,
Seneca, Mukden, and Mingo, all of which are usually put
in the early or, medium-early class. In the tests referred to
above conducted at Mt. Morris in 1943 and 1944, Lincoln
averaged 27.9 bushels per acre with Mukden being the next
highest variety, yielding 25.8 bushels. In tests conducted
at Urbana, Lincoln has to compete with later varieties,
and it has not always been highest every year although the
3-year average places Lincoln at the top with a yield of 37.5
bushels, the next highest being Mukden with 34.1 bushels. In
1943 Lincoln was exceeded slightly by Mt. Carmel, Mukden,
and Patoka. Competition with later varieties is keenest in
southern Illinois as shown by agronomy tests conducted at
Alhambra. When compared with varieties tested both in 1943
and 1944. Lincoln had the highest average with 22.4 bushels,
but Gibson was a close second with 21.8 bushels, and Patoka
a close third with 21.7 bushels. So close together are these
yields that it is fair to say there is no difference between
them. Furthermore, if we consider only the varieties tested
in 1944, 5 varieties exceeded Lincoln in that year; namely,
Gibson, Morse, Viking, Mt. Carmel, and Patoka. Viking,
Morse, and Mt. Carmel were not grown in 1943, hence
they are omitted from the 2-year average. At Brownstown,
in Fayette County, in 1944 Macoupin, Gibson, Viking, and
Chief exceeded Lincoln. Too much weight should not be
given a single year’s tests, but these results indicate that
in southern Illinois or other areas where later varieties are
adapted, Lincoln cannot be expected to become the dominant
variety.
“The superior seed yield of Lincoln is due in part to the
high number of seeds per pod and low percentage of abortive
seed. Counts of a large number of pods showed 1 percent
4-seeded, 71 percent 3-seeded, 25 percent 2-seeded, and 4
percent 1-seeded. Hence, Lincoln is classed as a 3-seeded
type. The percent abortive seed, 14.8 is also low.
“Lincoln is outstanding in oil content. It is about 1
percent higher on the average than Illini, and ½ of 1 percent
higher than Dunfield.
“Lincoln was developed cooperatively by the Illinois
Agricultural Experiment Station and the United States
Regional Soybean Laboratory from a natural hybrid between
Mandarin and Manchu.
“Earlyana is the newest of the early varieties. It
originated from a selection made in a Dunfield plot at Purdue
Agricultural Experiment Station, Lafayette, Indiana. About

a week earlier than Richland, it is about 2 weeks earlier
than Illini or Lincoln, and therefore fills a need for an early
variety for northern Illinois. Winter wheat growers will
find this variety a good one to precede wheat since it can
be combined from 2 to 3 weeks before wheat seeding tine.
It lodges somewhat more than Richland and does not yield
as high; hence, in sections where Richland is early enough,
farmers will likely prefer Richland to Earlyana.
“Chief is a medium-late-maturing variety developed and
distributed by the Illinois Agricultural Experiment Station 3
or 4 years ago. It grows tall, responds to high fertility levels,
and sometimes gives exceptionally high yields. Producers
have won the 10-acre yield contest with Chief. On high
fertility levels, it grows so tall that it makes combining a
problem, especially if the plants lodge and become tangled.
This variety will likely find a place in south-central and
southern Illinois on thinner soils where growth will be
shorter with, consequently, less tendency to lodge. It is not
too late for central Illinois, but probably should not be grown
north of Champaign County.
“Viking was developed from the same hybrid as Chief,
by the Illinois Agricultural Experiment Station. It appears
to be well adapted to the western side of the state. It grows
as tall as Chief, but is earlier and stands better. The seed
cannot be distinguished from seed of Manchu, Mandell, and
Lincoln. At present there is only a small amount of pure seed
eligible for certification, but this will be increased rapidly.
“Of the late varieties, Patoka and Gibson are newest,
both developed and distributed by the Purdue Agricultural
Experiment Station. Patoka is a pure-line selection of Mt.
Carmel. It is adapted to south-central and southern Illinois,
averages 140 days from planting to maturity, and is about 5
days earlier than Gibson. Both Patoka and. Mt. Carmel have
matured and done well at Urbana. In results published in
Indiana Circular 270, Patoka and Gibson were about equal in
yield, and exceeded Macoupin by approximately 6 bushels
per acre. Patoka has also done well in tests at Urbana and
Alhambra in Illinois; it stands near the top in both tests. On
thin soil it grows rather short.
“Being later than Patoka, Gibson will likely be grown
farther south in Illinois, but may not extend as far north into
central Illinois as that variety. In southern Illinois, Gibson
will meet keen competition with Macoupin, Morse, Chief,
Mt. Carmel and Patoka. At Brownstown in Fayette County,
Illinois, Macoupin exceeded Gibson last year by nearly 2
bushels per acre even though Gibson was later.
“In chemical composition, Lincoln is the best of all the
varieties that have been mentioned, but all are satisfactory.
Oil and protein vary somewhat from year to year and at
different locations. Varieties also differ somewhat, but
only a few varieties have been tested that are so low as to
be objectionable on this point alone. An example is the
McClane, which also has other undesirable traits.
“In this discussion 6 new soybean varieties have been
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mentioned; namely, Lincoln, Earlyana, Chief, Viking,
Patoka, and Gibson. These range in maturity from medium
or medium-early to late, and are adapted to different sections
of Illinois. They are good to outstanding in their maturity
groups, and their development and production have already
contributed greatly to the soybean improvement program in
Illinois.
“The soybean growers of the state thus have a list
of good varieties from which to choose. We recommend
that they determine the maturity group best suited to their
conditions, then try out the varieties in that maturity group
in order to decide what variety or varieties they prefer. One
should not discard an old variety to make room for a new one
until comparative tests reveal benefits from the new that are
worth changing for.”
821. Keilin, D.; Wang, Y.L. 1945. Hæmoglobin in the
root nodules of leguminous plants. Nature (London)
155(3930):227-29. Feb. 24. [5 ref]
• Summary: Tests were mainly with the nodules of
soybeans. “The root nodule hæemoglobin [haemoglobin,
hemoglobin] represents the first case of the occurrence of
this pigment in plants, although other hæematin compounds
such as cytochrome peroxidase and catalase are known in
plants. What is, however, more interesting is that neither
the plant cells alone nor the symbiotic micro-organisms
(Rhizobium) cultivated separately are capable of synthesizing
hæemoglobin. It is only when the root cells are invaded by
specific symbiotic micro-organisms and begin to proliferate
that hæemoglobin is formed.” Address: 1. Prof.; 2. PhD,
Molteno Inst., Univ. of Cambridge, England.
822. Pohjakallio, Onni. 1945. Soijapavusta (Glycine hispida
Max.) [About the soybean]. Luonnon Ystava (Friend of
Nature) 49(1):24-28. Feb. [Fin]
• Summary: In 1936, from May to September, soybean
field plot trials were conducted at the Agricultural Research
Centre, Dep. of Plant Breeding, Jokioinen [pronounced yoki-OI-nen] in southern Finland [just southwest of Forssa, at
about 60.8º north latitude].
Soybean varieties were not able to produce any mature
seeds in most of the trial years, except 1937, when the
summer was very long and warm. Also in 1938 some
varieties produced seed yields with a high germination
percentage. Trials were conducted for seed production, but it
is not stated which variety gave the best seed yield.
The text states that the earliest varieties in the trials were
Manitoba (probably from Canada), Hokkaido (probably
from Japan), Soya Vilnensis (from Lithuania), and Aro (from
Sweden). A number of other varieties, whose names are not
given, were also used in the trials. Table 1 shows varieties
used in a 1943 trial: Manitoba, Manchuria, Virginia, and Ön
(from Japan). Table 2 shows that the variety Peking was used
in another 1943 trial.

Page 24: “Soybean is not adapted to growing in Sweden,
but because it possesses many promising characteristics it
is of interest. So the Swedish government has given money
(10,000 SEK) for the breeding of soybean varieties. Also
in Finland, in the Department of Plant Breeding, Jokioinen,
some preliminary soybean trials were conducted.”
Page 25: “It has been reported that soybean yield in
Germany has been 10,000 to 30,000 kg/ha of fresh seed,
5,000 to 8,000 kg/ha of hay, or 800 to 3,000 kg/ha of dry
soybean seeds. Also in Sweden, in trials conducted in 1938,
yields of 1,800 kg/ha of seeds were attained, but in 1941 the
mean yield was 529 kg/ha and in 1942 only 240 kg/ha. In
Finland, the soybean has been cultivated on such small areas
that one cannot speak of yields per hectare. In most of the
years, the field trials in Finland produced no yield of mature
seed. In the trials at Jokioinen in the years 1936-1944, where
the earliest varieties (except in 1936) were tested, the pods
were able to reach the yellow color only in 1937, when the
summer was very warm.” A photo (p. 25) shows the soybean
variety Hokkaido growing in Jokioinen in 1937.
Page 28 notes that it is said that the soybean is a crop
for short daylength, but great differences have been found in
that character between varieties. “Our plant breeders should
try to breed soybean varieties that are adapted to conditions
in Finland. Therefore soybean varieties which possess the
lowest sensitivity to photoperiodism have been crossed
together in Finland.” The variety which was least sensitive to
photoperiod was Manitoba.
Note 1. This is the earliest document seen (Aug. 2015)
concerning soybeans in Finland, or the cultivation of
soybeans in Finland. This document contains the earliest date
seen for soybeans in Finland, or the cultivation of soybeans
in Finland (1936). The source of these soybeans is unknown.
Note 2. This document was discovered and partially
translated for Soyfoods Center in Jan. 1995 by Dr. Simo
Hovinen a plant breeder at Boreal Plant Breeding in
Jokioinen, Finland. He tried unsuccessfully to find the
original field reports of the soybean field trials conducted
at Jokioinen during the years 1936-1944. He also searched
through many research series from Finland but was unable
to find any article about the trials mentioned in Onni
Pohjakallio’s text.
Note 3. This is the earliest document seen (Aug.
2018) that concerns photoperiod insensitivity or daylength
neutrality in soybeans.
Note 4. This is the earliest document seen (July
2021) that (in translation) contains the term “sensitivity
to photoperiodism” or the term “lowest sensitivity to
photoperiodism” or the term “least sensitive to photoperiod”
in connection with the soybean. Address: Jokioinen, Finland.
823. Milner, Max. 1945. The respiration and storage
behavior of soybeans. PhD thesis, University of Minnesota.
70 p. March. In: Doctoral Dissertations Accepted by
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American Universities, 1945. Also published as Minnesota
Agric. Exp. Station, Scientific Journal Series, no. 2247,
2249, 2274, 2304. See also Milner and Geddes 1945-1946 in
Cereal Chemistry. [102 ref]
• Summary: Four parts discuss heating, interseed air
movements, aeration, moisture content, mold growth. In the
temperature range of 25-40ºC, the respiratory quotient (RQ)
of high-moisture was found to be practically unity.
At the end of the thesis is a Vita (autobiographical
sketch). Max Milner was born in Edmonton, Alberta, Canada
on 24 Jan. 1914. Address: Univ. of Minnesota.
824. Wilson, J.K. 1945. The symbiotic performance of
isolates from soybean with species of Crotalaria and certain
other plants. Cornell University Agricultural Experiment
Station, Memoir No. 267. 20 p. March. [34 ref]
• Summary: “Diverse strains of the rhizobia associated
with, the soybean are capable also of symbiosing with
other legumes. No strain has been found that is specific for
soybean. Some isolates from soybean appear to meet the
symbiotic requirements of more species of Crotalaria than
do other isolates. Nodules or lack of nodules on species of
legumes other than the one from which the isolate came
depend largely on the particular organism employed. If the
name Rhizobium japonicum is used to designate the organism
that effects nodules on soybean, it should be understood that
it refers not to one specific organism but to organisms having
a wide range of salient characters and having the ability to
effect nodulation on many species of legumes, of which the
soybean is one.” Address: Ithaca, New York.
825. Domingo, Wayne Elwin. 1945. Inheritance of number
of seeds per pod and leaflet shape in the soybean. J. of
Agricultural Research 70(8):251-68. April 15. [11 ref]
• Summary: “Summary: Data on the inheritance of number
of seeds per pod and leaflet shape in the soybean were
obtained from 26 crosses between parents with mean seedsper-pod values ranging from 1.05±0.01 to 3.59±0.03 and
with either ovate (normal), lanceolate (narrow), or oval
terminal leaflets. One parental variety was characterized by
oval leaflets and a very low mean seeds-per-pod value. Three
varieties had narrow leaflets and very high mean seeds-perpod values. The remaining parental types had normal leaflets
and somewhat intermediate seeds-per-pod means, all of
which differed significantly.
“The data indicate that number of seeds per pod, while
somewhat influenced by environmental conditions, is
largely governed by a few major and several minor genes.
The symbols Lo and lo are suggested for one allelomorphic
pair of major genes. Lo exhibits considerable dominance
over lo and produces an intermediate seeds-per-pod value;
lo produces a low seeds-per-pod value. Certain of the data
suggest the existence of a major recessive gene which
produces a high seeds-per-pod value as contrasted with an

intermediate value produced by its dominant allelomorph.
“Plants with oval-shaped terminal leaflets differ from
plants with normal leaflets by one leaflet-shape gene. The
symbols O and o are suggested for this allelomorphic pair.
OO and Oo produce normal leaflets and oo produces oval
leaflets.
“Data from the normal-leaflet x narrow-leaflet crosses
substantiated earlier reports that a single gene difference is
involved. NaNa and Nana produce normal leaflets and nana
produces narrow leaflets.
“The Fi plants of crosses between narrow-leaflet
plants and oval-leaflet plants had normal leaflets and the F2
population segregated in a 9 normal: 3 oval: 4 narrow ratio.
The genotypes associated with particular phenotypes are NaO- normal, Na-OO oval, nanaO- and nanaoo narrow. The
gene na is therefore epistatic to o.
“The locus of the oval-leaflet genes OO is linked with
the locus of the genes Lolo for number of seeds per pod with
approximately 8 percent crossing over. The locus of OO is
not linked with the loci of the genes for flower color Wiwi,
pubescence color Tt, cotyledon color d1d2, or extension of
seed-coat color i and its allelomorphs.
“The locus of the narrow-leaflet genes Nana is closely
linked with the locus or loci of genes for high number of
seeds per pod. It is not linked with the loci of the genes for
flower color Wiwi, pubescence color Tt, fasciation Ff, or
seed-coat color Gg.”
Also issued as abstract of PhD thesis in agronomy,
University of Illinois at Urbana-Champaign. 1942 6 p.
Note: This is the 2nd earliest document seen (June 2020)
that contains the word “genotype” (or “genotypes”). Address:
Formerly associate in plant genetics, Illinois Agric. Exp.
Station.
826. Burkholder, Paul R.; McVeigh, Ilda. 1945. Vitamin
content of some mature and germinated legume seeds. Plant
Physiology 20(2):301-06. April. [11 ref]
• Summary: Gives data for thiamine, riboflavin, pyridoxine,
niacin, pantothenic acid, inositol, vitamin B-C, biotin, and
ascorbic acid in mature dry and freshly sprouted seeds of
Pisum sativum variety Canner King, Phaseolus aureus (the
Mung bean commonly used in chop suey), and 7 varieties
of field type soybeans belonging in the species Soja max.
On a dry weight basis for all seeds tested, niacin, riboflavin,
pantothenic acid, and ascorbic acid increased greatly during
germination. For the soybean varieties only, on average,
ascorbic acid, pyridoxine, and biotin increased significantly,
while thiamin and folic acid decreased slightly.
The soybean varieties are Peking, Manchu, Mukden,
Lincoln, Dunfield, Illini, and Anwei.
Note: This is the earliest document seen (May 2009) that
mentions the Anwei soybean variety. Anwei came from the
La Choy Co. in Ohio, according to Morse (1948). Address:
Osborn Botanical Lab., Yale Univ., New Haven, Connecticut.
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827. Withrow, Alice P. 1945. The interrelationship of
nitrogen supply and photoperiod on the flowering, growth,
and stem anatomy of certain long and short day plants.
Butler University Botanical Studies [Indiana] 7:40-64. April.
[12 ref]
• Summary: Soybean was one of six species studied.
Conclusions:
“1. External nitrogen supply is not a determining factor
in floral initiation as are photoperiod and temperature.
“2. External nitrogen supply does alter the time of
appearance of macroscopic buds and flowering in some
species, especially if small vegetative plants without large
quantities of reserve nitrogen are used.
“3. The direction of the photoperiod effect on total dry
weight, percentage of dry matter, top-root ratio of height
response usually was not altered by the amount of nitrogen
supplied to the plants.
“4. Plants given an abundant nitrogen supply were
heavier, taller and had a lower percentage of dry matter than
those to which the supply was limited.
“5. Plants in a long photoperiod were usually taller than
those given the same nitrogen supply in a short photoperiod.
“6. Flowering plants usually had a higher percentage of
dry matter, higher top-root ratio, and, in many cases, greater
total dry weight than vegetative plants. 7. Limitation of
nitrogen supply markedly altered the anatomical response
of the stems. When nitrogen was limited, a reduction in
cell size and an increase in cell wall thickness, with greater
lignification, occurred in the long photoperiod in the species
investigated, whether the plants were in the flowering or
vegetative condition. In the short photoperiod, the results
were variable. Salvia plants with an abundant nitrogen
supply had heavier walled and smaller cells, while the
reverse was true in soybean.
“8. A smaller proportion of phloem to xylem cells
usually was present, in the flowering stems as compared to
the vegetative stems. There was also a greater proportion of
undifferentiated cells in vegetative stems than in flowering
ones.”
Note: “A contribution in recognition of the 25th
Anniversary of the Botany Department of Butler University.”
Address: Purdue Univ., Lafayette, Indiana.
828. Gilbert, S.G.; Shive, J.W. 1945. The importance of
oxygen in the nutrient substrate for plants–relation of the
nitrate ion to respiration. Soil Science 59(6):453-60. June.
[14 ref]
• Summary: A study with the roots of soybean, oat, and
tomato plants. The assimilation of nitrates by plants
is associated with an adequate supply of available
carbohydrates. This seems to indicate an intimate
relationship between the process of sugar respiration and
nitrate reduction.

“The rate of respiratory carbon dioxide produced by the
three types of plants in a basal nutrient solution adequately
supplied with nitrate nitrogen (plus-N cultures) was always
higher than that of the roots of corresponding cultures grown
without nitrogen (minus-N cultures).” Address: New Jersey
Agric. Exp. Station.
829. Lal, B.N. 1945. Plant-injection methods for the
diagnosis of mineral deficiencies in tobacco and soya bean
(Open Access). Annals of Botany (London) 9(35):283-95.
July. New Series. [3 ref]
• Summary: Deficiency symptoms in soya beans.
“(i) Nitrogen. Plants deprived of nitrogen were the first
to show symptoms. These appeared a week after the element
was withheld, and 2 days later the plants looked distinctly
unhealthy. They bore small yellow leaves, were stunted, and
shed their leaves prematurely.
“(ii) Phosphorus. The young plants of this series were
characterized by the slaty appearance of their leaves, which
later took on a purplish green colour, and growth was
stunted.
“(iii) Potassium. The plants deprived of potassium bore
leaves which had dead areas along their margins.
“(iv) Iron. Symptoms of iron deficiency appeared a little
later than those of nitrogen. Both young and mature leaves
became chlorotic.
“(v) Boron. Boron deficient plants were characterized
by the abnormal appearance of the leaves, loss of turgidity,
death of growing-points, and tillering. Young leaves
presented a finely mottled appearance, the interveinal areas
being sometimes almost devoid of chlorophyll (Plate III, Fig.
4). In some leaves only narrow strips near the veins remained
green. Leaves tended to become greener with increasing
age and the mature leaf had a mottled yellowish-green
appearance. The growth of the plant was stunted.” Address:
East Malling Research Station, Kent [England].
830. Probst, A.H. 1945. Influence of spacing on yield and
other characters in soybeans. J. of the American Society of
Agronomy 37(7):549-54. July. [2 ref]
• Summary: “Many varieties and strains of soybeans
differing in numerous characters frequently are tested
together in rod-row nursery yield trials. Although much care
may be taken to obtain comparable stands, there may be
considerable variation in stand among different strains, or
even within strains in different replications. Published data
on the influence of plant spacing on different varieties of
soybeans in nursery trials are very limited.
“To study the effects of plant spacing of soybeans on
yield and several other characters commonly obtained in the
evaluation of varieties, an experiment on spacing was carried
out with four varieties of soybeans at Lafayette, Indiana,
by the U.S. Regional Soybean Laboratory and the Purdue
University Agricultural Experiment Station, cooperating. The
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work was conducted over the 4-year period from 1938 to
1941, inclusive.
“Wiggans found that the soybean plant has the ability to
make wide adjustments to space and that optimum rates and
spacings for soybeans should be determined not only for the
various soybean-producing areas but also for the varieties to
be grown.” Address: Associate Agronomist, U.S. Regional
Soybean Industrial Products Lab., Urbana, Illinois; and
Purdue Univ. Agric. Exp. Station, Lafayette, Indiana.
831. Parker, M.W.; Hendricks, S.B.; Borthwick, H.A.; Scully,
N.J. 1945. Action spectrum for the photoperiodic control of
floral initiation in Biloxi soybean. Science 102(2641):152-55.
Aug. 10. [1 ref]
• Summary: “The effectiveness of light applied to Biloxi
soybean leaves during the middle of the dark period to
prevent floral initiation has been determined at various
wavelengths. The results of such determinations constitute
the action spectrum from which knowledge is obtained about
photoreactions of unknown compounds that regulate floral
development.
“Biloxi soybean forms flower primordia at all actively
growing buds when the entire plant or a single leaflet is
subjected to a minimum dark period of 10.5 hours for two
or more daily cycles. These dark periods must be continuous
because interruptions as brief as 30 seconds with about
15 foot-candles of light prevent the formation of flower
primordia, even though the photoperiod is favorable. Dark
periods much longer than the minimum can also be made
photoperiodically ineffective by brief periods of illumination
provided none of the resulting dark periods exceeds 10.5
hours.” Address: Bureau of Plant Industry, Soil, and
Agricultural Engineering, ARS, USDA, Beltsville, Maryland.
832. Bailey, M.V. 1945. Defoliation of plants for profit.
Scientific Monthly 61:234-36. Sept.
• Summary: In photosynthesis, a reaction which takes place
in the green leaves of plants, carbon dioxide from the air,
water from the soil, and energy from the sun, are elaborated
into sugars. This is undoubtedly the most important chemical
reaction known to humans, as our food, clothing, heat,
and shelter are practically all the direct or indirect result
of it. “It is in the younger leaves of plants that most of the
photosynthesis occurs, whereas the more mature leaves
usually serve chiefly as organs of water and food storage
for the plants.” Yet after the leaves of many deciduous crop
plants reach a certain stage of maturity, they become useless
and a hindrance to the production of seed, fruit, or fiber. Too
many large leaves may delay maturity of the early fruit. This
phenomenon has been most widely studied in cotton.
“In most seasons the seed of the soybean dries out on
the plant only very slowly, and harvesting is consequently
delayed. This is largely because the loss of water by
transpiration forces the leaves to continue to pull water from

the soil through the plant stems long after the same leaves
lose their usefulness in increasing seed production.”
Calcium cyanamide is the active ingredient in a
commercial chemical dust when can be used for chemical
defoliation of various plants. “Applied dry on leaf surfaces,
when dew is present or when dew will form in a few hours
after treatment, it quickly combines with water and with
the respiration of the leaf cells, causing cell deterioration,
but does not harm the leaf petiole or stem of the plant. The
active chemical causing this lethal effect on the living cells is
not stable. By the time the leaf cells are killed it has further
reacted with water to form harmless compounds...”
When plants are defoliated late in the season, the fruit
or seed matures much more rapidly and is ready for harvest
at a much earlier-than-normal date. “The Midwest soybean
acreage has been greatly expanded because of the war, but
farmers have not yet found the proper place for this crop in
their usual rotations. Wheat should logically follow beans,
but the latter mature so late that the best wheat seeding dates
are past before the beans are ripe enough to harvest and
store... Chemical defoliation of the plants any time after the
seeds lose their green color causes rapid loss of moisture
without reduction in yield or quality of seed.
“The date of safe harvesting is, consequently, advanced
a few weeks, and the harvesting operation is greatly
simplified because there is much less quantity of plant
material to go through the combining machine. In years of
bad weather in late fall and early winter many beans are lost
by storm damage because they cannot be harvested early.
Defoliation permits of harvesting before the average dates
for damaging storms.” Address: American Cyanamid Co.
833. Earley, E.B.; Cartter, J.L. 1945. Effect of the
temperature of the root environment on growth of soybean
plants. J. of the American Society of Agronomy 37(9):727-35.
Sept. [5 ref]
• Summary: “Root temperature as a factor in the growth
of soybean plants has not been investigated as far as the
writers are able to learn from a review of the literature.
However, attention has been directed to this problem by
several investigators for other species of plants.” Five
studies are reviewed; each showed that warmer temperatures
increase plant growth whereas cooler temperatures retard it;
each species [and variety] has its optimum temperature or
temperature range.
A figure shows a view of the apparatus used in
maintaining different temperatures around the roots of the
soybean plants in this investigation. Each of the. seven boxlike units is equipped with heating and cooling coils operated
thermostatically. Electrical space heaters provide heat. A
common refrigerating compressor supplies the cooling for
the units, the refrigerant for each box being controlled by a
solenoid valve in the liquid line ahead of the expansion valve
for that box. A double pole thermostat with an adjustable
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differential maintains the temperature.
“A publication by the U.S. Regional Soybean
Laboratory, a cooperative organization participated in by the
Bureau of Plant Industry, Soils and Agricultural Engineering,
Agricultural Research Administration, and the agricultural
experiment stations of Alabama, Arkansas, Florida, Georgia,
Illinois, Indiana, Iowa, Kansas, Louisiana, Michigan,
Minnesota, Mississippi, Missouri, Nebraska, North Carolina,
North Dakota, Ohio, Oklahoma, South Carolina, South
Dakota, Tennessee, Texas, Virginia, and Wisconsin.”
Address: 1. Asst. Agronomist; 2. Senior Agronomist. Both:
U.S. Regional Soybean Industrial Products Lab., Urbana,
Illinois.

a better result than soil tests. Also black soybeans seemed
to give better germination with less tendency to rot or mold
than yellow beans.” Address: Kentucky Agric. Exp. Station,
Lexington, KY.

834. Farrar, C.L. 1945. Food reserves for bees. American Bee
Journal 85(9):313-15, 323. Sept.
• Summary: Discusses the use of soybean flour as a
pollen supplement. The two main goals of beekeeping are
pollination and honey production. “Feeding tests have shown
that 1 pound of pollen is required to rear approximately
4,500 bees. Normal colonies probably consume 40 to 50
pounds of pollen a year. This represents 8 to 10 gallons of
pollen pellets. The brood-rearing value of a given quantity of
pollen can be increased six to eight times by supplementing
it with three times its weight of expeller-pressed soybean
flour. Thus, 1 pound of pollen plus 3 pounds of flour will
enable a colony to rear approximately 30,000 bees.” A
portrait photo shows C.L. Farrar. Address: Div. of Bee
Culture, Bureau of Entomology and Plant Quarantine,
Agricultural Research Administration, USDA, in cooperation
with Univ. of Wisconsin.

838. Scully, N.J.; Parker, M.W.; Borthwick, H.A. 1945.
Relationship of photoperiod and nitrogen nutrition to
initiation of flower primordia in soybean varieties. Botanical
Gazette 107(2):218-31. Dec. [18 ref]
• Summary: “Summary: 1. In a study of the effects of
photoperiod and nitrogen nutrition on the expression of
certain morphological characteristics of soybean, plants of
Morse, Virginia, Lincoln, and T-48 varieties were grown
either in controlled-environment rooms or in the greenhouse
and in either soil or sand cultures.
“2. In experiments in which nitrogen nutrition was not a
factor, all varieties flowered on all durations of photoperiod,
but first-flower primordia were formed at a higher node on
the plant axis with the longer photoperiods.
“3. Position of first-flower primordia did not vary with
nitrogen treatment when the plants were grown with short
photoperiods. When grown with long photoperiods, however,
plants of certain varieties initiated first-flower primordia
at higher nodes as the amount of nitrogen in the nutrient
solution was increased. Variety T-48 was outstanding in this
respect, Lincoln was intermediate, while Morse and Virginia
were least responsive...” Address: 1. Assoc. Physiologist;
2. Physiologist; 3. Senior Botanist. All: Bureau of Plant
Industry, Soils, and Agricultural Engineering, Agricultural
Research Ad ministration, U.S. Dep. of Agriculture,
Beltsville, Maryland.

835. Milner, Max; Geddes, W.F. 1945. Grain storage
studies. II. The effect of aeration, temperature, and time on
the respiration of soybeans containing excessive moisture.
Cereal Chemistry 22(6):484-501. Nov. [23 ref]
• Summary: These influences were examined on soybean
seed containing about 18.5% moisture. Address: Div. of
Agricultural Biochemistry, Minnesota Agric. Exp. Station,
Univ. Farm, St. Paul, Minnesota.

839. Sen, Boshi. 1945. Scheme of research in plant
physiology and cytology. Vivekananda Laboratory, Progress
Report (Almora, United Provinces, India) 22 p. *
• Summary: Experiments were conducted on the storage and
germination of vernalized seeds. Quality and earliness were
greatly improved in soybeans by a photoperiod of 9.5 hours
after emergence of the first leaf for 2 weeks, although yields
were less in the control plants.

836. Milner, Max; Geddes, W.F. 1945. Grain storage studies.
I. Influence of localized heating of soybeans on interseed air
movements. Cereal Chemistry 22(6):477-83. Nov. [9 ref]
• Summary: “The heating of grain in bulk usually starts
in small pockets of high moisture.” Address: Div. of
Agricultural Biochemistry, Minnesota Agric. Exp. Station,
Univ. Farm, St. Paul, Minnesota.

840. Lager, Mildred. 1945. Soybeans in Hawaii (Document
part). In: Mildred Lager. 1945. The Useful Soybean: A Plus
Factor in Modern Living. New York and London: McGrawHill Book Company, Inc. xii + 295 p. See p. 27-29.
• Summary: “The food situation in Hawaii, since it has
become the front line in a war zone, opens up new territory
for the soybean to conquer. The Hawaiian Islands are now
faced with the necessity of increased home food production
to make their population more self-sustaining.”
“Hawaii must select crops that can be grown, and
of these she must pick those that contain the necessary
nutriment to meet the present emergency. The soybean
can fulfill these requirements and ranks as a food crop for

837. Cundiff, Charlotte B. 1945. Problems of soybeans
germination. Proceedings of the Association of Official Seed
Analysts 36:132-34. Dec.
• Summary: “Results of this series of tests would seem to
indicate that paper towel tests in daylight germinators give
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wartime Hawaii.”
“C.G. Lennox, in a discussion of the edible soybean
in Hawaii says: ‘The edible soybean assumes a position of
prominence as a source of substitutes for animal proteins and
oils in Hawaii’s program of self sustenance.
“’The high protein content of the green shelled beans,
quickness in developing a crop, freedom from serious
insects, pests, and diseases, and cheapness of planting,
cultivating, and harvesting in terms of man-days per ton of
green beans, all contribute to the value of the soybean as an
emergency food crop.
“’Success with the year-round production of soybeans
in Hawaii hinges principally upon the correct choice of
varieties for planting in the different seasons; secondly, upon
sufficient fertilization with nitrogen and phosphorus.’”
“Edible soybeans are not new in Hawaii. They have
been experimentally grown since 1908 but have never been
a food crop of the Islands. Growing conditions in Hawaii are
suitable for year-round production of most vegetable crops
but not of the soybean. It is a plant whose time of flowering
responds to the length rather than the temperature of the day.
Mr. Lennox gives the following explanation of why it has not
so far been grown successfully the entire year:
“’The soybean is one of a large group of plants which
flowers under the stimulus of a long period of darkness.
Although the day length of the shortest day in Hawaii is only
two and one-half hours shorter than the longest day this is
quite sufficient to have a profound effect on the soybean.
During the summer season the plants come into flower in
exactly the same length of time as recorded on the mainland,
but as the days shorten the flowering commences sooner.
Nearly all the flower bloom at the same time on the soybean
plant and if the flowering is initiated before a full-sized plant
has developed, the number of flowers is proportionately
reduced. The reduction in number of pods per plant results
in a reduced yield per acre. It is this stimulus of the short
day resulting in small crops that has retarded the interest
in soybeans as a vegetable crop for Hawaii.’” Address:
Southern California.
841. Löbbe, Henrique. 1945. Cultura da soja no Brasil. 7th
ed. [Culture of soybeans in Brazil. 7th ed.]. Rio de Janeiro,
Brazil: Directoria de estatistica da produccao, Ministerio da
Agricultura. 74 p. Illust. 2nd ed. was 1935. [Por]
• Summary: This 7th edition (1945) contains more than
twice as many pages as the 6th edition (1942). There are no
references and no English abstract.
Contents: Historical. World production of soybeans.
Economic importance of soy production in the Far East.
Economic importance of soy cultivation in the United
States. Markets. Trade in soy and its by-products. Botanical
description.
Varieties (500 varieties exist; list of names of very
early–80 to 90 days; early–90 to 100 days; semi-early–100 to

110 days; semi-late–120 to 130 days; late–130 to 150 days).
Experiments.
Copy of letter from William Morse of USDA dated 28
Sept. 1926. “In accordance with a promise made to you on
your visit to Arlington Farm [Virginia], I am taking pleasure
in sending you one ounce each of the following varieties of
soybeans, and one ounce each of the following varieties of
cowpeas:
“Soybeans: Haberlandt, Minsoy, Ilsoy, Mammoth
Brown, Ito San, Sooty, Yokoten, Mandarin, Midwest, Merko,
Hongkong, Virginia, Wea, Easycook, Barchet, Ebony, Hahto,
Chiquita, Dixie, Medium Green, Laredo, Hoosier, Aksarben,
Wilson-five [Wilson Five], Brooks, Mikado, Sherwood,
Mammoth Yellow, Morse, George Washington, Habaro,
Old Dominion, Peking [Pekin], Austin, Goshen Prolific,
Chestnut, Jet, Hamilton, Dunfield, Arlington, Wellmann,
Hermann, Tokio, Southern Prolific, Lexington, Tarheel,
Black [Tarheel Black], Pinpu.”
Climate and soil. Soil preparation. Seeding,
Bacterization of the soil. Chemical fertilizer. Cultural care.
Diseases and insects. Harvest and threshing. Yield. Crop
rotation. Cost of production. Chemical composition of seeds.
Green manure. Byproducts of the soybean: oil, soybean
cake. soy casein, soy fiber, plastic substances, silage, hay
and pasture. Nutritional value of the soybean. Feeding the
animals. Soy for human consumption. Conclusion.
The section on Soy for human consumption mentions
the following: In the Orient, the soybean (a soja) is always
used as human food, to complement the rice diet, as a
substitute for meat, milk and eggs, by virtue of its richness
in protein and oils. Specific foods from the soybean include:
Dry seeds (Sementes sécas); easy varieties to cook include
Easycook, Hahto, Chusei, Rokusun, Jogun, Hokkaido, and
Kauro. Green seeds (Sementes verdes); the most popular
varieties include Hahto Easycook, Willomi, Imperial, Shiro,
Nanda and Tunk.
Soy sauces (Môlho de soja); miso (Misso) and shoyu
(Shôyu). Soy milk (Leite de soja). Soy cheese (Queijo
de soja) called To-fu [tofu] in Japanese. Koji is used to
make miso and shoyu. Yuba is a film that forms atop soy
milk. Soybean curd (Coalhada de soja) made by adding
magnesium or calcium salts to hot soy milk. The curd is
made into tofu. Soy flour (Farinha). Bread for diabetics (Pâo
para os diabéticos). Soy sprouts (Grelos de soja). Address:
Eng. Agronomo, Brazil.
842. Blanchard, M. 1946. Germinations anormales chez les
légumineuses à grosses graines. Comportement en pleine
terre des germes brisés ou anormaux issus de ces graines
[Abnormal germination among large seeded legumes.
Behavior of damaged or abnormal sprouts issuing from
these seeds in level earth]. Comptes Rendus des Seances de
l’Academie d’Agriculture de France 32(1):33-36. Jan. [Fre]
Address: Directeur intérimaire de la Station d’Essais de
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semence, France.
843. Henson, Paul R.; Carr, Robert S. 1946. Soybean
varieties and dates of planting in the Yazoo-Mississippi
Delta. Mississippi Agricultural Experiment Station, Bulletin
No. 428. 12 p. Jan.
• Summary: “Summary: Uniform soybean variety tests
were located at Tunica, Stoneville, Anchorage, Satartia,
and Onward in 1945. Yields, other agronomic data, and the
chemical composition of the strains and varieties have been
summarized according to maturity.
“The strains C101 and S100 have yielded significantly
more than Macoupin, a commonly known commercial
variety of these strains maturing in early September. The
variety, S100, is taller, produces seed of slightly higher
quality and matures approximately 10 days later than C101.
S100 is low in oil, while C101 is a good oil bean containing
approximately 2 percent more oil than S100. One serious
objection to these early maturing strains when grown in the
Delta is the low quality of seed produced. In the past, Delta
farmers have reported low germination of Macoupin due
to adverse conditions encountered at harvest and during
the storage period. It is expected that similar problems will
prevail with these strains.
“Ogden is definitely the highest yielding variety of
those normally maturing between October 1 and 15. The
2-year average yield of this variety at Tunica, Stoneville, and
Anchorage, was 34.5 bushels or 40 percent more than the
next highest yielding variety. The chief objection to Ogden
is that it shatters on certain soil types and under dry climatic
conditions at harvest. It has been observed that shattering is
more severe on light or droughty [dry] soils and on heavier
soils of low fertility. Even on soils where shattering usually
occurs, many farmers prefer Ogden to such non-shattering,
lower yielding varieties, as Arksoy 2913 and Ralsoy.
“In the breeding program under way at the Delta Station,
plants coming out of crosses between Ogden and other
varieties are being studied. It is hoped that strains carrying
the high yield of Ogden and the nun-shattering habit of
Arksoy will be developed.
“Of the varieties normally maturing the last half of
October, Volstate and Roanoke, were equally productive.
These varieties are similar in many respects and differ in
that the oil content of Roanoke is slightly higher than that
of Volstate. Both are non-shattering, erect growing, and of
sufficient height to combine readily. Wood’s Yellow has
been quite productive in a number of locations in the Delta;
however, it is low in oil and shatters under dry conditions.
To farmers growing a large acreage of soybeans, the practice
of planting the acreage to varieties of different maturity to
increase the optimum combining period seems advisable,
particularly in the production of soybeans for oil.
“The late maturing varieties have not been as productive
or as high in content of oil as the better varieties of earlier

maturity. The yields of strictly grain types, such as Mamotan,
Mamloxi, Delsta, and Nanda have not been greatly different
from those of the tall growing Louisiana strains, Acadian,
L.Z., and Pelican. These late varieties are particularly well
suited for inter-planting in corn in that they usually mature
after the corn crop is made. Appreciably lower seed yields
were obtained from the hay varieties, Avoyelles, Gatan, Red
Tanner, and from two vegetable varieties, Cherokee and
Seminole.”
Introduction: “Soybean variety and dates of planting
tests have been conducted at the Delta Experiment Station,
Stoneville, Mississippi, for a number of years. In 1943 the
program of the U.S. Regional Soybean Laboratory was
enlarged to include 12 southern states with headquarters for
the Southern section at Stoneville, Mississippi. As a part
of this program, uniform variety tests have been conducted
at a number of locations in the Yazoo-Mississippi Delta.
The results of these variety tests and a study of the dates of
planting at the Delta Station are reported herein.” Address:
Mississippi State College, Agric. Exp. Station.
844. Kalton, Robert R.; Eldredge, J.C. 1946. The effect of
simulated hail injury to soybeans. Soybean Digest. Jan. p.
14-15. [17 ref]
• Summary: This publication appears to be based on an
earlier Iowa State Experiment Station, Mimeograph titled
“Progress Report, Soybean hail damage experiments, 1945.”
“Hail damage to the soybean crop has been relatively
severe in certain parts of Iowa. The large acreages of
soybeans in recent years and the numerous storms have
tended to accentuate these losses, of primary concern to
farmers, insurance adjustors, and processors in areas where
hail damage has been prevalent. In an attempt to answer
some of the questions which arise following hail damage,
the Iowa Agricultural Experiment Station, in cooperation
with the U.S. Regional Soybean Laboratory, initiated a study
in 1943 to determine the effects of simulated hail injury on
the yield and on other important characters. Only the more
pertinent results will be discussed here.
“The general outline of the experimental work in 1943
and 1944 was as follows: In 1943, one variety, Richland, was
used in the investigations. In 1944, Lincoln also was used in
addition to Richland. The beans were grown in rows spaced
40 inches apart in order to eliminate as much as possible
competition between differentially treated plots. Simulated
hail injury was inflicted on replicated rows at five different
dates (stages of growth) throughout the growing season in
1943. Ten dates of damage were used in 1944, five of them
corresponding to the same stages of growth in 1943. Finally,
at each date of damage, three degrees of severity of damage
were inflicted. These were called light, medium, and heavy.
Check rows, with no damage, were used for comparison.
“The stage of growth and the degree of damage inflicted
at each of the five dates used in both years are shown in
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Table I. As the results with Lincoln and Richland were
practically identical in 1944, only the results with the latter
will be discussed, in this way making it possible to consider
on a uniform basis the two years’ data.
“The removal of leaves and parts of the stems was
accomplished by means of upward strokes with an
instrument made by mounting several wire hooks on a
paddle-like board. A clipping shears and supple switches
also were used to advantage. With these implements it was
possible to approach the appearances of actual hail injury
and to obtain the three degrees of damage.
“The results in 1943 showed that the greatest reductions
in yield from all degrees of defoliation and other injury
occurred at the fourth date of inflicted damage. At this stage,
the soybean plants were beginning to show pods at the top
and flowering had ceased. Defoliation during the early stages
of growth, when the plants were less than a foot tall, caused
only small reductions in yield. Plants cut off immediately
above the cotyledons (seed leaves) at the first date, when
they were 4-5 inches tall, produced new branches in the
axils of the cotyledons and made good recovery. Simulated
hail injury at the last date, when the pods were full and the
bottom leaves were turning yellow, appeared to be primarily
mechanical. In other words, losses in yield at this date were
due almost entirely to pod removal.”
Continues with a “Comparison of Two Years.” There
are two tables. Address: 1. Agent, Div. of Forage Crops and
Diseases; 2. Research Assoc. Prof. of Farm Crops. Both:
Iowa Agric. Exp. Station. Ames, Iowa.
845. U.S. Regional Soybean Laboratory. comp. 1946.
Results of the Cooperative Uniform Soybean Tests, 1945:
Part I. North Central States. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 131.
Feb. 97 p. Not for publication. https://www.ars.usda.gov/
arsuserfiles/50200500/nust/1945%20nust.PDF
• Summary: Near bottom of title page: “United States
Department of Agriculture. Agricultural Research
Administration. Bureau of Plant Industry, Soils, and
Agricultural Engineering, Division of Forage Crops and
Diseases, cooperating with State Agricultural Experiment
Stations.”
Contents: Introduction. Cooperation. Location of
Uniform Tests. Map of North Central region. Methods.
Uniform Test, Group 0. Uniform Test, Group I. Uniform
Test, Group II. Uniform Test, Group III. Uniform Test,
Group IV. Preliminary Uniform Test, Group IV. Effect of
location on composition.
The Introduction begins: “One of the main purposes
of the U.S. Regional Soybean Laboratory is to develop
through breeding and selection improved strains of soybeans
for industrial utilization. All promising material developed
through the selection program is classified into maturity
groups and is grown along with check varieties at a sufficient

number of locations to enable agronomists to determine the
value of these strains under a wide range of environmental
conditions. None of these uniform groups have been
established. The four earliest include soybean strains of
suitable maturity for the North Central States and the other
five groups contain strains adapted to the southern part of the
United States.
The named varieties in the new Group 0 are: Early
White Eyebrow, Flambeau, Goldsoy, Kabott, Kagon,
Mandarin (Ottawa), Minsoy, Montreal Manchu, Norsoy,
Ontario, Pagoda, Pridesoy, and Wis. Mandarin 507 [Wis. =
Wisconsin]. Address: Urbana, Illinois.
846. Soybean Digest. 1946. They call it “photoperiodism.”
March. p. 26-27.

• Summary: This is the text of a radio talk by
Gove Hambidge (of USDA’s Agricultural Research
Administration) about the work of Dr. W.W. Garner and
H.A. Allard, both of whom were investigating tobacco in
the Bureau of Plant Industry at the Arlington Agricultural
Experiment Station. In 1918 they discovered a fundamental
law of nature while trying to answer a question that had
puzzled them for years: “Why did soybeans planted at
different times all bear seeds at the same time?” They
discovered that day length makes a fundamental difference
to many plants, which can produce seed only when they have
the right length of day. Soy beans are short day plants. They
bloom and mature when the days get short enough, even if
they are planted late in the season.
Small portrait photos show Dr. Garner and Dr. Allard.
847. U.S. Regional Soybean Laboratory. 1946. Second
work planning conference of the U.S. Soybean Regional
Laboratory for the Southern States region, Stoneville,
Mississippi, February 13-15, 1946 (Continued–Document
part III). RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois) No. 133. April 8. 19? p.
• Summary: (Continued): Page 13: “The Bureau of
Agricultural Economics is continuing the study of factors
affecting the competitive position of soybeans in the United
States in the years ahead. As a part of this study meetings
were held last fall with several groups of soybean growers
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in Illinois and Iowa. In most of the areas represented at
these meetings the majority of farmers expressed the desire
to reduce their acreages of intertilled crops below the
wartime level in order to increase their acreages of oats and
clover, and they indicated that this would generally mean
proportionately larger reductions in acreages of soybeans
than of corn. They made estimates of the acreages of
soybeans that would be grown on typical farms under various
assumed price situations. They also gave information relative
to their experiences and practices in soybean production
and on how soybeans fit into their farming operations. This
information, together with that obtained from other sources,
is being analyzed, at the present time. A report on this study
is to be completed in the next few months and should be
published within the year.
“Wednesday evening, February 13
“Dr. Milner gave an illustrated lecture on the work
being done with soybeans at the Northern Regional Research
Laboratory, Peoria, Illinois. Dr. Milner stressed the value
of soybean oil in food products and mentioned the request
from oil users that emphasis be placed on the development
of low iodine number soybean strains. He pointed out that
there is some dispute as to what causes reversion in soybean
oil after refining. Some investigators hold to the idea that the
phosphatide [lecithin] portion of soybean oil is responsible
for reversion. However, other refiners express the opinion
that the linolenic acid content of the oil is responsible and
base their request for varieties with a low iodine number on
this basis.
“Thursday. February 14–P.R. Henson, Chairman
“Resumé of Comments on the Origin, Objectives and
Present Status of the U.S. Regional Soybean Laboratory,
Stoneville, Mississippi by O.S. Aamodt.
“The nine Bankhead-Jones Regional Research
Laboratories were established ten years ago to carry on
fundamental research on regional problems not provided for
at the time, or contemplated in the future, on regular funds
or state funds provided by the Federal Government. Sixty
percent of the funds provided by Congress was allotted to
the States and 40 percent to the Secretary of Agriculture
for the establishment of Regional Research Laboratories
and for special studies. The Experiment Station directors
in each region in consultation with the U.S. Department
of Agriculture selected the most urgent problems in their
region. A Regional Soybean Laboratory was suggested by
the North Central Directors. The laboratory was developed
cooperatively by the Bureaus of Chemistry and Plant
Industry with an Advisory Committee of the North Central
Experiment Station Directors. When the Northern Regional
Research Laboratory was developed at Peoria, the research
on industrial utilization and processing was transferred to
the new laboratory there. The production and improvement
program and the analytic laboratory remained at Urbana as
the U.S. Regional Soybean Laboratory.

“Early in the war, it was evident that acreage
requirements for soybeans would need to be met in part
outside of the North Central Region. Considerable progress
had already been made in the production of soybeans in
limited areas in the South. It was believed that the acreage
of soybeans could be expanded in the South if the region
had the assistance of the Regional Soybean Laboratory.
The Directors of the North Central Region agreed to make
the facilities of the Laboratory available to the Southern
States, provided additional funds were made available
to take care of the increased costs of the expanded
program. Arrangements were made accordingly with the
understanding that if reductions became necessary at a later
date, they would be in the expanded program. The question
has also been raised as to whether the southern program was
developed as a temporary war-time measure or a permanent
part of the Regional Laboratory. This matter should be
clarified by the Directors of the Region.
“You as technical collaborators representing the 12
cooperating Southern States, together with the Laboratory
staff and representatives of the Division of Forage Crops
and Diseases of the Bureau of Plant Industry, Soils, and
Agricultural Engineering, are responsible for the planning
and conducting of the work in the South. This is a ‘work
planning conference.’ We have associated with us this year
a group of plant pathologists operating on regular and state
funds. We expect to integrate completely the activities of the
two groups as mutually supporting phases of work toward a
common objective.
“Several informal regional conference groups are
also operating in different sections of the country, such
as the alfalfa improvement conference, the corn breeders’
conference, the spring wheat improvement conference,
etc. These groups, having a common interest and purpose,
gather around the table as their activities require to consider
objectives and methods for attaining them. Their procedure
is somewhat as follows: Collect and review the available
information concerning the past, current, and proposed
research work relating to the problem under consideration;
study and correlate the information by means of individual
and group conferences or special committees; prepare reports
and make recommendations to the cooperating agencies;
plan a coordinated program of research; arrange for essential
materials, equipment, and personnel; avoid undesirable
and unnecessary duplication of effort; and secure greater
economy and efficiency in the expenditure of funds.
“It is important to recognize that no one plan for
organization can be final in all details. The nine U.S.
Department of Agriculture Bankhead-Jones Laboratories
are not organized and operated on the same lines. Neither
are the many informal conference groups operating in all
sections of the country. Each one has adapted its organization
and activities to its dominating requirements, facilities, and
personnel at hand.
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“It is also important to recognize that no one research
plan can or will be final. To be useful a regional research
program must be dynamic, changing with every new need or
advance. It must permit the investigator to make adjustments
from old or less promising fields to newer and more fertile
opportunities or possibilities. The important thing is to
arrange all activities so that they may be quickly responsive
to the needs of the future. It is unlikely that the research and
educational patterns of today are likely to fit the needs of
tomorrow.
“One of the most serious problems in meeting the needs
of tomorrow is financial limitations. The funds allotted to
the Federal Government are limited by the Congressional
appropriations which, together with budget reductions and
increased operating costs, make it impossible for research
work to expand to meet natural growth requirements.
All of the funds for Bankhead-Jones Laboratories are
obligated to be spent in the field. The administrative
subject matter Division is not permitted to spend any of
the funds in Washington [DC]. To help keep our finances
straight, all payrolls, vouchers, etc., on Bankhead-Jones
funds are first cleared through the Urbana Laboratory.
The new disease expenditures clear directly through the
Division of Forage Crops at Beltsville, Maryland. The
entire program is a function of the cooperative regional
organization. It is desirable that each of you keep your
own director fully informed of developments not only in
subject matter, but organization and finances as well. We are
delighted to have Director Dorman with us this year as the
official representative of the Southern Experiment Station
Directors.”
The next long section is titled “Arranging of the
Uniform Tests, Groups IVS to VIII for 1946,” by L.F.
Williams. It gives the name and source of each strain
[variety] that will be tested in these maturity group areas
in 1946. Interesting private strains are Dortchsoy #2 and
#7, and Coker Selection. The main sources of the seeds
are Urbana, Illinois. Stuttgart, Arkansas. North Carolina
Agr. Exp. Station. Stoneville, Mississippi. Louisiana Agr.
Exp. Station. Bureau of Plant Industry Station, Beltsville,
Maryland.
Note: This is the earliest document seen (Oct. 2020)
that mentions the soybean variety “Dortchsoy.” Address:
U.S. Regional Soybean Industrial Products Lab., 205 Old
Agricultural Building, Urbana, Illinois.
848. Milner, Max; Geddes, W.F. 1946. Grain storage studies.
III. The relation between moisture content, mold growth,
and respiration of soybeans. Cereal Chemistry 23(3):225-47.
May. [40 ref]
• Summary: “Moisture content is recognized as the most
critical of all factors influencing the respiration, heating, and
deterioration of stored grain. As the moisture content of dry
grain is increased, there is a relatively slight increase in the

respiratory rate until a critical moisture range, characteristic
of the seed species and influenced by factors related to the
commercial quality of the grain, is reached above which a
rapid acceleration in respiration occurs.” Address: Div. of
Agricultural Biochemistry, Minnesota Agric. Exp. Station,
Univ. Farm, St. Paul, Minnesota.
849. Pinck, L.A.; Allison, F.E.; Gaddy, V.L. 1946. The effect
of straw and nitrogen on the yield and quantity of nitrogen
fixed by soybeans. J. of the American Society of Agronomy
38(5):421-31. May. [6 ref]
• Summary: “One of the most practical methods of
utilizing undecomposed carbonaceous crop residues for
the maintenance of soil organic matter is to seed the soil
to legumes after returning the plant residues to the soil.
Properly inoculated leguminous plants usually make about
the same amount of growth when grown on a nitrogenfree medium as when abundantly supplied with combined
nitrogen.” Address: 1. Assoc. Chemist; 2. Senior Chemist; 3.
Assoc. Chemist. All: Div. of Soils, Fertilizers, and Irrigation,
Bureau of Plant Industry, Soils and Agricultural Engineering,
Agricultural Research Administration, USDA, Beltsville,
Maryland.
850. Schlamowitz, Max; Garner, R.L. 1946. The
ribonucleinase of the soybean. I. isolation of the enzyme. J.
of Biological Chemistry 163(2):487-97. May. [22 ref]
• Summary: “The nuclease system of the soy bean
seedling has been shown to consist of two components,
a ribonucleinase and a second enzyme, believed to be
a phosphomonoesterase. The ribonucleinase has been
separated from the crude extracts and has been concentrated
and partially purified.” Address: Dep. of Biological
Chemistry, Medical School, Univ. of Michigan, Ann Arbor,
Michigan.
851. Ennis, W.B., Jr.; Boyd, F.T. 1946. The response
of kidney-bean and soybean plants to aqueous-spray
applications of 2,4-dichlorophenoxyacetic acid with and
without carbowax. Botanical Gazette 107(4):552-59. June.
[4 ref]
• Summary: “Summary:... 3. Because of its solubility
properties, the ammonium salt of 2,4-dichlorophenoxyacetic
acid is suggested instead of the acid form for use in general
herbicidal sprays.” Address: 1. L.T., U.S.N.R. [U.S. Naval
Reserve]; 2. Capt. A.U.S. [Army of the United States]. Both:
Camp Detrick, Frederick, Maryland.
852. MacVicar, Robert.; Struckmeyer, B.E. 1946. The
relation of photoperiod to the boron requirement of plants.
Botanical Gazette 107(4):454-61. June. [9 ref]
• Summary: Biloxi and Manchu soybeans were studied.
“Summary: 1. The intensity of boron-deficiency
symptoms in soybeans has been found to be much more
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severe in long than in short days.
“2. The reduction was due to a diminished boron
requirement rather than to changes in the absorption of
boron. The boron content of plants exhibiting severe
symptoms of deprivation (long photoperiod) and plants
showing no gross evidence of deficiency (short photoperiod)
was essentially the same.
“3. Histological examination of the stems confirmed
this observation. There was little cellular disorganization in
minus-boron plants produced in short photoperiod. Borondeficient plants in long photoperiods, however, exhibited
abnormalities. There was a marked increase in vascular
tissue resulting from abnormal cambial activity. Necrotic
areas in the region of the phloem were conspicuous.”
Note: Cambium is a cellular plant tissue from which
phloem, xylem, or cork grows by division, resulting (in
woody plants) in secondary thickening. Address: Dep. of
Biochemistry and Dep. of Horticulture, Univ. of Wisconsin,
Madison, Wisconsin.
853. Struckmeyer, B. Esther. 1946. The anatomy of the
abnormal swellings on the stems of some varieties of
soybeans. American J. of Botany 33(6):571-77. June. [9 ref]
• Summary: Response to photoperiod and temperature
were studied. The swollen internodes were not related
to flowering. Address: Dep. of Horticulture, Univ. of
Wisconsin, Madison.
854. Weaver, Robert J.; Swanson, C.P.; Ennis, W.B., Jr.;
Boyd, F.T. 1946. Effect of plant growth-regulators in relation
to stages of development of certain dicotyledonous plants.
Botanical Gazette 107(4):563-68. June. [4 ref]
• Summary: Experiments with cabbage, soybean, tomato,
sweetpotato, and sugar beet.
“Introduction: Before an effective program of weed
control in dicotyledonous crops can be developed, the
responses of the various crop species to different rates
and methods of application of chemical herbicides must
be known at all stages of development. In the absence of
selective herbicides which will kill one species of broadleaf
plant but not others, a differential susceptibility between
crop and weed, depending upon stage of development, may
possibly provide an avenue of approach to weed control.”
“3. Soybeans at four stages of development were
sprayed with the herbicide at a rate of 0.5 pounds per acre.
The two younger stages (3 inches and 6-8 inches in height)
were for a time severely retarded in growth and distorted
by the treatment, but these plants eventually recovered and
produced a normal yield of beans. The two older stages
(early flowering and early pod) showed less visible response
immediately following treatment, but subsequent yields
of beans were significantly reduced. These data indicate
that developing floral and ovarial structures are as severely
affected by the herbicide as is young vegetative growth.

“4. Soybeans at planting time and at three
developmental stages also received soil applications of
2,4-dichlorophenoxyacetic acid at rates of 3, 10, or 20
pounds per acre. Only when the herbicide was applied at
planting time was there a significant reduction in the yield
of beans obtained. The lowest application rate caused
no reduction in yield. Established plants were relatively
unaffected.” Address: 1&4. Capt. A.U.S. [Army of the
United States]; 2&3. LT., U.S.N.R. [U.S. Naval Reserve].
855. Weaver, Robert J. 1946. Effect of spray applications
of 2,4-dichlorophenoxyacetic acid on subsequent growth
of various parts of red kidney bean and soybean plants.
Botanical Gazette 107(4):532-39. June. [2 ref]
• Summary: “Summary: 1. Plots containing young red
kidney bean and soybean plants were sprayed with
2,4-dichlorophenoxyacetic acid at rates of 0.1, 0.01, and
0.001 gm. per sq. yd. The effects of the agent on the growth
of various plant parts were studied. Linear, and fresh and
dry weight measurements were obtained at several intervals
following treatment.”
Note 1. What are the approved rates used to kill weeds
in soybeans.
Note 2. Concerning 2,4-D: “One of the cheapest and
most common weed killers in the country has a name you’ve
probably never heard: 2,4-D. Developed by Dow Chemical
in the 1940s, this herbicide helped usher in the clean, green,
pristine lawns of postwar America, ridding backyards
everywhere of aesthetic undesirables like dandelion and
white clover. But 2,4-dichlorophenoxyacetic acid, as it’s
known to chemists, has a less wholesome side. There’s a
growing body of scientific evidence that the chemical poses
a danger to both human health and the environment” (Source
Danielle Sedbrook, NRDC, 15 March 2016). Address:
Capt. A.U.S. [Army of the United States], Camp Detrick,
Frederick, Maryland.
856. Carr, Robert B. 1946. Soybean varieties in the YazooMississippi Delta, 1944-1945. Soybean Digest. July. p. 1213.
• Summary: “The Delta Experiment Station, a branch of
the Mississippi Agricultural Experiment Station, located at
Stoneville, Mississippi, began its soybean research program
in 1920, and by 1942 this program became one of the
station’s major projects. Since that period there has been a
gradually increasing interest in soybeans in the Delta. The
initiation of the southern regional program in 1943, with
headquarters for the Southern states at the Delta Station,
resulted in an expanded breeding and testing program under
Mississippi conditions. In 1944 and 1945, introductions,
progenies, selections and varieties under test numbered
approximately 3,000.”
“These investigations, concerned primarily with the
production of better varieties of soybeans for industrial
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utilization and adapted to Delta conditions, may be divided
rather broadly into: (1) The development of superior material
by hybridization and through selections within introductions
and established varieties; and (2) subsequent evaluation
through field tests of these selections and varieties as to
their date of maturity, yield, seed quality, and oil and protein
content.
“Grouped According to Maturity: The 2,000 to 2,500
hybrid lines of approximately 75 crosses now under
observation, represent the best blood lines of varieties
adapted to northern, southeastern and southern conditions.
These crosses were made by Dr. Leonard F. Williams of the
U.S. Regional Soybean Laboratory, Urbana, Illinois, and
Dr. E.E. Hartwig and Mr. J.A. Rigney of the U.S. Regional
Laboratory and the North Carolina Agricultural Experiment
Station, Raleigh, North Carolina, respectively. The maturity
range of this material extends from early August to late
November. In 1944 approximately 30 of the most promising
commercial varieties were in the uniform variety yield tests
and approximately 200 other varieties and selections were
in preliminary yield tests. In 1945 the number of varieties
in the uniform tests was increased to approximately 40, and
the number in the preliminary test, including hybrid lines, to
approximately 600. During 1944 and 1945 a number of these
tests were conducted at several locations to determine the
adaptation of these varieties and strains to conditions in the
Yazoo-Mississippi Delta.
“Since the normal maturity of existing varieties, adapted
to southern conditions, ranges from early September to early
November, the varieties tested were grouped according to
maturity in order to obtain more accurate information on
the performance of each variety. They were grouped as
follows: (1) early strains maturing prior to September 15;
(2) medium strains, October 1 to October 15; (3) mediumlate strains, October 15 to November 1; and (4) late strains,
those maturing after November 1. At present there are
no promising varieties which normally mature between
September 15 and October 1.
“Plantings were made on four major soil types in the
Delta, extending from the northern to the southern part
of the area. The soils for the several locations are: Dubbs
silt loam at Tunica; Robinsonville very fine sandy loam at
Stoneville; Yazoo silt loam at Anchorage; and Sharkey clay
soil (commonly known as ‘buckshot’) at Onward.
“Plant height and lodging notes were taken on the
varieties as they matured. Yields were determined from the
weight of seed harvested from a 16-foot section from each
of the four one-row plots of each variety. All yields were
analyzed statistically to determine whether the differences
were significant. At some locations the two seasons varied to
such an extent, primarily in the amount and distribution of
rainfall, that the yield and rank of some varieties was quite
different.
“The quality and size of seed of each variety was

recorded, and a composite sample taken for chemical
analysis. All analyses were made by the U.S. Regional
Soybean Laboratory at Urbana, Illinois. Two-year average
yields for 1944-45, other agronomic and morphologic data,
percentage of protein, oil, and the iodine numbers of the oil
are summarized by maturity groups in tables 1, 2, 3, and 4.
“Early Varieties: Many planters have expressed an
interest in a soybean that can be combined before the peak
of the cotton picking season. This has assumed increasing
importance as the labor supply dwindled during the war
years. Consequently, one of the aims of the soybean breeding
program at the Delta Experiment Station is to develop an
early maturing variety of soybeans.
“The early maturing strains being tested at the present
time by the Delta Station are better adapted to northern than
to southern conditions, being among the best for Kentucky,
Missouri, southern Illinois and southern Indiana, where they
mature during the cool fall months, producing excellent
yields of high quality seed. Under Delta conditions, however,
the same strains mature from late August to early September.
“The highest yielding early varieties in the Delta in
1944-45 were: C101, a new strain developed by the Indiana
Agricultural Experiment Station; and S100 developed by the
Missouri Agricultural Experiment Station...”
Continues to discuss: More early varieties. Medium
varieities (Ogden). Medium-late varieities (Roanoke,
Volstate). Late varieities (Delsta, Mamloxi, Mamotan,
Nanda).
Tables give a “Summary of agronomic and chemical
data for the soybean varieties and strains, 1944-45.” (1)
Early maturing strains. (2) Medium maturing strains. (3)
Medium-late maturing strains. (4) Late maturing strains.
A map shows the Mississippi Delta, located between
the Mississippi River and the Yazoo River (which meet at
Vicksburg), and the various locations where the soybean
tests are conducted. Address: Asst. Agronomist, Delta Branch
Exp. Station, Stoneville, Mississippi.
857. Roberts, R.H.; Struckmeyer, B. Esther. 1946. The effect
of top environment and flowering upon top-root ratios. Plant
Physiology 21(3):332-44. July. [14 ref]
• Summary: The Biloxi soybean is mentioned several times.
Address: Dep. of Horticulture, Univ. of Wisconsin, Madison
6, Wisconsin.
858. Milner, Max; Geddes, W.F. 1946. Grain storage
studies. IV. Biological and chemical factors involved in
the spontaneous heating of soybeans. Cereal Chemistry
23(5):449-70. Sept. [28 ref]
• Summary: “Spontaneous heating of sterile seeds in which
no microfloral activity had occurred was demonstrated.”
An initial temperature increase was “directly associated
with the proliferation of the molds Aspergillus glaucus and
A. flavus.” Address: Div. of Agricultural Biochemistry,
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Minnesota Agric. Exp. Station, Univ. Farm, St. Paul,
Minnesota.
859. Parker, M.W.; Hendricks, S.B.; Borthwick, H.A.;
Scully, N.J. 1946. Action spectrum for the photoperiodic
control of floral initiation of short-day plants. Botanical
Gazette 108(1):1-26. Sept. [20 ref]
• Summary: “Summary: 1. The purposes of this investigation
were to obtain quantitative data on the photoreactions that
prevent flowering of short-day plants, from which an action
spectrum relating wave length to photoperiodic effectiveness
of light could be derived, and to draw such inferences
concerning the nature of the photoreactions as the action
spectrum would permit.”
Soybean (Soja max (L.) Piper var. Biloxi) and cocklebur
(Xanthium saccharatum Wallr.) were investigated. Address:
1. Physiologist; 2. Senior Chemist; 3. Senior Botanist; 4.
Assoc. Physiologist. All: Bureau of Plant Industry, Soils
and Agricultural Engineering, Agricultural Research
Administration, U.S. Dep. of Agriculture, Plant Industry
Station, Beltsville, Maryland.
860. Toole, Eben H.; Toole, Vivian K. 1946. Relation of
temperature and seed moisture to the viability of stored
soybean seed. USDA Circular No. 753. 9 p. Sept. [8 ref]
• Summary: “Seed of Mammoth Yellow and Otootan
soybeans grown in North Carolina in 1933 was adjusted to
four different moisture contents and stored at five controlled
temperatures.”
“With the natural moisture of approximately 13.5
percent the seed was dead after 5 months’ storage at 30ºC.
and after 2 years at 20º. Full viability was kept for 3 years
at 10º, but germination fell rapidly after that. Practically
full germination was maintained for 10 years at 2º and full
germination at -10º.
“Seed dried to 8 to 9 percent moisture showed little or
no loss of germination when stored at 30ºC. for 1 year, but
the fall in germination was very rapid after 1 year. Seed
stored at 20º germinated 90 percent after 5 years and lost
viability gradually in subsequent years. This seed stored at
10º, 2º, and -10º did not change in germination in 10 years.”
Address: 1. Senior Physiologist; 2. Asst. Botanist. Both: Div.
of Fruit and Vegetable Crops, Bureau of Plant Industry, Soils,
and Agricultural Engineering, USDA.
861. Vavilov, Nikolai Ivanovich. 1946. Botanical-geographic
principles of selection. Translated from the Russian by Mrs.
Eugenia Artschwager. Prepared by the U.S. Bureau of Plant
Industry, Soils, and Agricultural Engineering. 83 p. Sept. 5.
[20 ref]
• Summary: This translation is based on the author’s 1935
work titled Botaniko-geograficheskie osnovy selektsii.
Moscow & Leningrad: United Publishing Houses of the
Federated Soviet Republics. 60 p.

Based on numerous expeditions conducted by the
Soviet collective of plant breeders in Asia, Africa, Southern
Europe, North and South America “we have established
eight independent centers of origin for the most important
cultivated plants.” One of the largest and most important of
these is the Chinese center, whence comes many important
cultivated plants, including five legumes: Glycine hispida
Maxim. [the soybean], Phaseolus angularis L. [the
azuki bean], etc. (p. 15-16). Address: Lenin Academy of
Agricultural Sciences of the Inst. of Plant Breeding in USSR.
862. Robbins, Wayne A.; Porter, R.H. 1946. Germinability
of sorghum and soybean seed exposed to low temperatures.
J. of the American Society of Agronomy 38(10):905-13. Oct.
[9 ref]
• Summary: “Both sorghum and soybeans are relatively new
to most Iowa farmers.”
“7. Soybean seed in small lots with a moisture content of
30 to 32% or less was not reduced in viability by freezing for
10 hours at -20ºF. At 20ºF no injury occurred to seed of most
varieties with a moisture content of 50 to 60%. Soybean
seed may contain a much higher percentage of moisture than
sorghum seed without being injured by exposure to freezing
temperatures.” Address: Iowa Agric. Exp. Station, Ames,
Iowa.
863. Soybean Digest. 1946. Allard retires from USDA post.
Nov. p. 20. [1 ref]
• Summary: “Harry A. Allard, co-discoverer of
photoperiodism–a fundamental law governing the
blossoming and fruiting of plants retired October 1 after
40 years in scientific work for the U.S. Department of
Agriculture...”
Garner and Allard discovered “the fundamental law
that the blossoming and fruiting of plants depends upon the
length of day (or night)–what is known as photoperiodism.
Dr. Garner was then head of tobacco investigations in the
Bureau of Plant Industry. It was work on soybeans and
tobacco that led to the discovery of photoperiodism. The
account of the discovery was published in the Journal of
Agricultural Research in 1920.”
A small portrait photo shows Dr. Harry Allard.
864. Cerighelli, Raoul. 1946. Faculté germinative &
conservation des graines de soja [The germinating faculty
and preservation of soybean seeds]. Revue Internationale du
Soja 6(33-34):149-51. Nov/Dec. [3 ref. Fre]
• Summary: Much of this research was conducted at
Marseilles, France. The lower the storage temperature
and humidity, the greater the germination percentage of
soybeans. A large table (p. 150) shows these relationships
with the following soybean varieties: Manchu Roudnice.
Kleverhof 527. Géant jaune [Giant Yellow]. Bitterhof.
Dans Ossijeck 1. Desme 1. Grignon 55. Roudet G. Grignon

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 360
1. Dunfield. Rouest jaune [yellow]. Grignon 9. Grignon
5. Grignon 41. Grignon 37. Rouest 29. Lisbonne. Brun
Chéron hâtif. Grignon 39. Soya Sota [Soyasota]. Grignon
32. Staroukra mskaya. Tokio noir. C.B. Poppelsdorf 236.
Wisconsin Black.
865. Jameson, J.D.; Weatherley, P.E. 1946. Report on food
crops by the senior botanist and the botanist, Serere. Uganda
Protectorate Department of Agriculture, Annual Report. Part
II. p. 41-46. See p. 43-44. For the period 1st July, 1944–30th
June, 1945. (Entebbe).
• Summary: The section titled “Soya Beans” describes
three yield trials in which plant spacing and inoculation are
variables. At Kawanda the best yields of threshed beans were
obtained from R 184 (1,297 lb/acre at 6 inch spacing) and S
42 Serere (1,204 lb/acre at 12 inch spacing). A spacing trial
was conducted at Nwanzu (Bugosa; highest yield 997 lb/
acre), and a variety trial at Serere (highest yield 745 lb/acre
from Hernon 6). Address: 1. Senior Botanist; 2. Botanist.
Both: Serere, Uganda.
866. Nelson, W.L.; Burkhart, L.; Colwell, W.E. 1946. Fruit
development, seed quality, chemical composition, and
yield of soybeans as affected by potassium and magnesium.
Proceedings–Soil Science Society of America 10(C):224-29.
[7 ref]
• Summary: “Although applications of potassium and
magnesium are known to increase yields of soybeans for
seed on certain soils, there is little information on the specific
effects that these nutrients exert on the components of yield
or on plant or seed characteristics. For example, under
conditions of a field response to potassium, the mechanism
-whereby additions of this element bring about a yield
increase is not known.” Address: Dep. of Agronomy, North
Carolina Agric. Exp. Station, Raleigh, N.C.
867. Norman, A.G.; Krampitz, L.O. 1946. The nitrogen
nutrition of soybeans: II. Effect of available soil nitrogen
on growth and nitrogen fixation. Proceedings–Soil Science
Society of America 10(C):191-96. [5 ref]
• Summary: “The soybean plant under field conditions in
Iowa probably derives the major part of its nitrogen from the
available nitrate of the soil.”
Soybeans do not produce maximum dry weight yields
when relying predominantly on symbiotic nitrogen. Address:
Iowa Agric. Exp. Station, Ames, Iowa.
868. Roque, Arturo. 1946. Soybeans. University of Puerto
Rico (Rio Piedras, San Juan) Agricultural Experiment
Station, Annual Report p. 47-50, 67. For the years 19431944. [Eng]
• Summary: “Soybean variety tests.–The work on soybeans
has been continued this year with a number of variety tests
which are established in different regions of the Island and in

different seasons. The tests were established to determine the
effect of variety, season, and distance of planting on the yield
and composition of soybean forage and grain. To-date a total
of 22 grain and forage tests has been established, 14 of which
have been finished.
“The results of these tests–indicate that Seminole,
Otootan, and Palmetto are better than Mammoth Yellow both
as regards hay and grain production (table 20).
“Best planting distance for soybeans.–The results
presented in tables 20, 21, and 22 show that a distance of
one foot between rows is decidedly better than a distance of
two feet as regards hay production of soybeans. This is also
true with respect to grain production. Yields obtained at a
distance of one foot exceeded those obtained at a distance of
two feet by amounts ranging from 20 to 50 per cent.
“Protein content of soybeans.–As in the case of other
crops, the protein content of soybeans varies with the place
where they are grown. The total protein content of several of
the experimental plantings of soybeans are presented in table
20. The analyses of results presented in table 20 have shown
differences as high as six per cent on the protein content of
the same variety in different regions of the Island.
“Effect of length of day on soybean yields.–To study the
effect of length of day on soybean yields, an experiment was
conducted with the Palmetto, Otootan, and Seminole soybean
varieties. The plants were grown in 12-inch clay pots filled
with equal amounts of a 6:3:2 mixture of silt, sand, and wellrotted filter-press cake. Each pot contained five plants and
each treatment was replicated four times. The pots were kept
for three weeks under natural light conditions, after which
they were subjected to the following lengths of day by means
of light treatments: 7, 9, 11, 14, 16, and 18 hours.
“Under the 7, 9, and 11 hour day-length treatments, all
three varieties flowered in 36 days and had one-inch pods by
the 46th day after planting. Very little flowering was noticed
under the 14, 16, and 18-hour day-length treatments, and no
pods had been produced three months after planting. The
mean yields obtained as a result of this test are indicated in
table 23.”
Contains 4 large tables as indicated.
On page 67 is a large table titled “Plant introduction.”
It states that 8 varieties of the soybean (Soja max (L.) Piper)
were received from Hawaii. Their use was “Economic.”
Address: Director.
869. Englehorn, A.J.; Lawton, K.; Meldrum, H.R.; Norman,
A.G. 1947. Effect of straw and cornstalks on the yield of
soybeans. J. of the American Society of Agronomy 39(2):8992. Feb. [2 ref]
• Summary: “Summary: The incorporation of straw or
cornstalk residues into prairie soils of average fertility
(Clarion loam and Marshall silt loam) did not result in any
reduction in the yield of threshed soybeans in three wellreplicated field experiments.” Address: 1. Research Asst.
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Prof.; 2. Research Associate; 3. Research Asst. Prof.; 4.
Research Prof. All: Iowa Agric. Exp. Station, Ames, Iowa.
870. Saillenfest, J. 1947. Le soja et ses produits [The
soybean and its products]. Revue de Diététique (Paris) 6:3-7.
Jan/Feb. [1 ref. Fre]*
• Summary: Discusses the different varieties of soybeans,
pointing out that the earliness of the plant depends on its
sensitivity to photoperiod. See also Matagrin (p. 8-20),
Gounelle & Marche (p. 21-25), Elliot & Balzi (p. 27-32).
871. Sayre, Charles B.; Vittum, M.T. 1947. Substitution of
sodium for part of the potassium in mixed fertilizers. J. of the
American Society of Agronomy 39(2):153-61. Feb. [13 ref]
• Summary: Experiment with beets and soybeans. There is
now (after World War II) a threatened shortage of potash, and
thus potassium (K) in the USA.
“With soybeans the substitution of sodium for onefourth of the K2O did not reduce the yield at the two lower
levels (50 and 100 pounds of K2O) and these levels were
below the needs of the crop. At the third level (150 pounds
of K2O), which gave the largest yield of soybeans, the
substitution of NaCl for one-fourth of the K2O significantly
reduced the yield. For soybeans a relatively high level of
potash (150 pounds of K20) with no sodium gave the best
results.” Address: 1. Head of the Div.; 2. Asst. Prof.. Div.
of Vegetable Crops, New York State Agric. Exp. Station,
Geneva, New York.
872. Wang, S.; Shin, C.I. 1947. [A study of hybrid vigor of
soybeans]. Zhonghua Nongshi Xuebao (J. of the Agricultural
Association of China) No. 184. p. 1-12. March. [Chi; eng]
• Summary: Abstract: “Twenty-five crosses between distinct
varieties of soybeans were made in summer of 1942. In the
next summer, the first generation of hybrids were planted
side by side with their parents in the nursery.
“There were 680 plants being grown, among which 187
being male parents, 185 female parents and 308 progenies.
The various characters between the hybrids and their parents
were studied as following:
“(1) Height of plants: On the average, the height of
hybrids exceeds their female parents by 19.8% and male
parents 9.6%.
“(2) Ramification: On the average, the number of
branches of hybrids exceeds their female parents by 31.1%
and male parents 7.3%.
“(3) Weight of pods per plant: On the average, the
weight of pods of hybrids exceeds their female parents by
27.5% and male parents 10.8%,
“(4) Number of seeds in pods: The increase in
percentage of various kinds of pods of the hybrids over those
of their parents are tabulated as follows:
Single seeded pods: 13.3% greater than female parent,
16.6% greater than male parent.

Double seeded pods: 6.3% greater than female parent,
62.2% greater than male parent.
Three seeded pods: 12.0% greater than female parent,
17.2% greater than male parent.
Empty pods: 6.8% greater than female parent, 6.8%
greater than male parent.
“The greater percentage of empty pods of hybrids may
be due to the fact of the exceedingly vigorous growth of
the hybrids resulting in larger number of pods; and part of
which, owing to the limitation of environmental factors,
however, had failed to ripen in the end.
“(5) Number of seeds per plant” On the average, the
number of seeds of hybrids exceeds their female parents by
16.7% and male parents 8.5%.
“(6) Weight of seeds per plant: On the average, the
weight of seeds of hybrids exceeds their female parents by
90.8% and male parents 32.7%.
“(7) Weight of 100 seeds: On the average, the weight of
100 seeds of hybrids exceeds their female parents by 7.3%
and male parents by 10.1%.
“In general, the growth of the hybrids was very much
[more] vigorous as compared with their parents. The
inheritance in the color of seed coat will be reported in
another paper.”
873. Little, Henry N.; Burris, R.H. 1947. Activity of the red
pigment from leguminous root nodules. J. of the American
Chemical Society 69(4):838-41. April. [14 ref]
• Summary: Behavior, physiological role, and absorption
spectra of derivatives of soybean nodule pigment. “The root
nodules of leguminous plants that are actively fixing nitrogen
contain a red pigment.”
“Summary: The absorption maxima of the oxygenated
pigment from the root nodules of soybeans were
found to be 575 and 540 mmicrons, whereas those for
oxygenated hemoglobin were 577 and 541 mmicrons.
The absorption maxima of the reduced forms of these two
pigments was 555mmicrons. The carboxy-hemoglobin,
the fluorohemoglobin, the cyanhemoglobin, and the acid
methemoglobin also showed close agreement in absorption
maxima between hemoglobin and the nodule pigment.
“2. The reduction of the nodule pigment by evacuation
was observed spectrophotometrically.” Address: Dep. of
Biochemistry, Univ. of Wisconsin, Madison, Wisconsin.
874. Porter, R.H.; Durrell, Mary; Romm, H.J. 1947. The use
of 2,3,5-triphenyl-tetrazoliumchloride as a measure of seed
germinability. Plant Physiology 22(2):149-59. April. [17 ref]
• Summary: “Seed analysts have long been interested in
methods of measuring the germinability of seeds without
the necessity of a routine germination test, particularly when
dealing with dormant seeds or with seeds requiring a long
period for the completion of a test. Even with seeds that can
be tested in a week or 10 days it is often desirable to know
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within a day the general condition of a seed lot. This is
especially important in the fall season when it is necessary to
know whether or not an early killing frost has caused damage
to the seed crop of corn, sorghum, and soybeans.” Address:
Dep. of Botany, Iowa State College, Ames, Iowa.
875. Revue Internationale du Soja. 1947. Congrès du Soja
[Soy Congress]. 7(37-38):30-31. March/April. [Fre]
• Summary: On Sunday, March 16 at 2:30 p.m., at the
university campus (cité Universitaire [Cité Internationale
Universitaire de Paris]), the First Soy Congress (Premier
Congrès du Soja) was held–the first of its kind in Europe. It
was organized by the French Soy Bureau (Bureau Français
du Soja), the Laboratory of Soy Testing (Laboratoire
d’Essais du Soja), with the participation of the FranceChina Association (l’Association France-Chine). Under
the honorary chairmanship of Mr. Marius Montet, minister
of French Overseas Departments and Territories, and Mr.
Li Yu Ying, president of the National Academy of Peiping,
the congress was officially chaired by Professor Louis
Blaringhem, president of the Academy of Sciences, and His
Excellency the Chinese Ambassador.
The illustrious assembly included many leading
figures in science and agriculture. They included Ms. Lucie
Randoin, director of the Food Hygiene Society, Professor
Hugues Gounelle, founder of the Foch Foundation, Mr.
Thibodeaux, agricultural attaché from the United States,
Mr. Protin, representative from the Ministry of Agriculture,
Inspector General Saurel, Mr. Lévêque and Mr. Lemarchand,
delegates from the Belgium Soy Group, Mr. Joseph Lefèvre,
director of the Agricultural Institute, Mr. Pierre Deloncle,
former secretary of the colonial exhibition, and Mr.
Lirondelle, rector of the university campus.
Attendees came from all over France: from the north
and the Vosges region, from Strasbourg, and from central and
southern France. Others came specially from Belgium and
Switzerland.
Mr. René Brochon, president of the French Soy Bureau,
brought greetings from the distinguished writer Paul Claudel,
former French ambassador and fervent soy advocate. He
also paid tribute to the young journalist Jean Saillenfest,
who died recently, and who was deeply committed to the
popularization of the soybean.
He then went through a panorama of the uses of soy,
in oil mills, in the food industry, on farms, and pointed out
the role of soymilk (lait de soja) as an artificial food for
infants. He also pointed out that today in the United States,
considerable amounts of hormones are extracted from soy
sterols (stérols du soja).
Mr. Mayer, representing Mr. Schad, director of the
Clermont-Ferrand Agricultural Research Station, gave a very
well-supported presentation, as always, in which he showed
that he had selected varieties that can be grown in France
with a high likelihood of success.

Mr. Simonet, director of scientific research at Vilmorin,
also gave an interesting presentation on the soybean varieties
he identified at the Antibes Agricultural Research Center.
Unfortunately, his presentation was cut short due to lack of
time.
Mr. Salaberry, an agronomist, demonstrated the role that
natural and artificial manures can play in growing soybeans.
Mr. Blanchard, foreman at the Ministry of Agriculture’s
Seed Trial Station, spoke about work he has done at the
Seed Trial Center to test species purity and seed germination
capacity, which must be higher than 85%, since soybeans
have a long germination period.
Mr. Chouard, professor of agriculture at the National
Conservatory of Arts and Crafts, spoke in particular about
soybean symbiosis. Since it is a legume, it acts as a nitrogen
fixer in the soil. He also spoke about photoperiodism
phenomena, which allow soybeans–a short-day plant–to
produce plants with large amounts of seeds in southern
regions, where days are the shortest. He added curious
details about these phenomena.
In a new report, Mr. Brochon indicated that soybeans are
a qualitative food, and that it only takes 40 to 50 grams to
create a balanced diet and provide enough whole protein. He
noted that due to the lecithin it contains, soy flour (farine de
soja) can be used the same way as eggs in cooking. He added
that in France, there are two manufacturers of whole soy
flour, and several factories that produce soy-based diet foods.
In America, soy flour production has reached almost 50,000
tons per year, and the flour is primarily used in baking and
industrial pastry-making. During the audience’s applause,
Mr. Brochon took the opportunity to extend greetings from
Mr. Hans Balzli, who was retained in Holland.
Mr. Chin Kuo Chun, director of the Soy Trial
Laboratory, presented the results of his work in producing
soymilk, tofu and soy sauce (du fromage et de la sauce de
soja) in France, using the traditional Chinese methods, and
talked about plans for organizing family gatherings to taste
these products.
Professor Gounelle, director of the Foch Hospital, gave
a very nice presentation showing that soy flour can radically
cure edema caused by undernutrition, and that it is perfectly
suited for diabetics. For all those who have oral surgery,
who can swallow only liquid food, administering soy flour
gruel invariably prevents the loss of several kilograms that
generally results from this type of surgery.
Mr. Boutroux brilliantly demonstrated that soymilk can
act as a beneficial substitute for cow’s milk in the feeding of
nutrient-deficient babies, and he spoke about the soy product
industries that currently exist in France.
Mr. Siao Yu, former Chinese Minister of Agriculture,
recounted how Mr. Li Yu Ying, who is the current rector at
the University of Peking, created a soyfood product factory
near Paris in 1908, which produced milk, tofu, cakes, etc. He
saluted with emotion this First Soy Congress to be held in
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Europe.
Mr. Villars, director of a cooperative that produces select
soybean seeds (semences de soja) in the Massif Central,
showed the lengths his cooperative goes to, and the often
difficult circumstances it must face, in order to produce highquality seeds for growing soybeans all throughout France.
Mr. Brochon read a report from Mr. Amédée Matagrin,
technical consultant from the French Soy Bureau, providing
very interesting documents on the industrial use of soy,
from oil extraction, to manufacturing plastic materials,
to producing all types of food products, pharmaceutical
products, hormones, soaps, varnishes, industrial lubricants,
etc.
Mr. Vançon, president of the Northern Family Gardens
Association, gave a very charming presentation on how, after
being debilitated by numerous surgeries, he was only able to
regain his health by consuming soy regularly, particularly in
the form of soy flour. Thanks to his promotion, thousands of
gardeners are now growing soybeans in northern France, and
consume them regularly.
The congress wrapped up with remarkable words from
Mr. Blaringhem, president of the Academy of Sciences,
and chair of the congress, Mr. Bineau, secretary general of
the France-China Association, and from S.E., the Chinese
Ambassador, who expressed his satisfaction at seeing soy
use spreading in France. Soy is the strength behind China, a
peaceful country for thousands of years.
A reception honoring China, birthplace of the soybean,
took place next, and then a buffet was served with soy-based
cakes and pastries, soy chocolate products, and soymilk.
It goes without saying that this buffet was a considerable
success.
Note: Translated by Elise Kruidenier, Seattle,
Washington.
876. Wai, Kit Ngaan Tso; Bishop, J.C.; Mack, P.B.; Cotton,
R.H. 1947. The vitamin content of soybeans and soybean
sprouts as a function of germination time. Plant Physiology
22(2):117-26. April. Summarized in Soybean Digest, Feb.
1948, p. 24. [30 ref]
• Summary: Measurements of carotene, thiamin, riboflavin,
niacin, and reduced and dehydro ascorbic acid were made on
dry Bansei soybeans, and on these soybeans after controlled
soaking and germination periods; the latter were 24, 48, 54,
72 hours, grown in the dark, selected to give a product with
good taste.
The carotene content doubled in 48 hours, increased 2.8
times in 54 hours and 3.4 times in 72 hours.
A soybean sprout consists of two yellow cotyledons
(seed halves) and a hypocotyl (the whitish root-like
sprout). In both the whole soybean sprouts, and in just
the cotyledons, the quantity of all vitamins studied except
thiamin showed increases through 54 hours of germination,
the period at which the product tasted best (had the best

organoleptic properties). Thiamin showed alternating
increases and decreases throughout the germination period
investigated.
In many East Asian countries only the hypocotyl
(sprout) is eaten; the cotyledons are discarded. However
these researchers conclude: “The entire bean should be eaten,
since the cotyledons, which are frequently not retained, are a
richer source of the vitamins for which tests were made than
the hypocotyls.
In micrograms per soy bean, soy sprouts after 54 hours
are richest in niacin, followed by total ascorbic acid, reduced
ascorbic acid, thiamin, and riboflavin.
Contains a good historical review of investigations
on the nutritive value of sprouted soybeans and other
legumes (especially mung beans) and grains. Address: The
Pennsylvania State College, State College, Pennsylvania.
877. Brillmayer, Franz A. 1947. Die Kultur der Soja in
Oesterreich [The cultivation of the soybean in Austria].
Vienna, Austria: Scholle-Verlag. 97 p. Scholle-Buecherei,
Bd. 80. With 33 illust. and 16 tables. 22 cm. [Ger]
• Summary: Contents: Foreword (written in May 1947
at Braunsdorf-Wien). 1. The origin of the soybean and
how it spread throughout the world. 2. The history of its
introduction into Europe: Into Austria, into Germany, into
France, into Poland, Hungary, and the Balkans. 3. Botanical
information about the soybean: Its morphology, physiology,
Austrian varieties, European varieties, diseases and pests,
nodule bacteria and hormones. 4. Breeding, the goals of
breeding, and conduct of investigations (Versuchswesen). 5.
Climate and suitable varieties. 6. Culture: Soil, preceding
and subsequent crops in rotations, preparation of the soil,
fertilizing the soil, time of seeding, inoculation, seeds,
scarification (Beizung) of the seeds [to “wound” or scratch
the seed coat so that the seeds imbibe water and thus
germinate better], plant spacing and density of planting,
amount of seeds and depth of planting, damage done by wild
animals (game), care of the crop, harvest, threshing, storage.
Note: Throughout this book, the author uses the word
“Soja” to refer to the soybean. Occasionally he also uses the
German words Sojafrucht (for the bean / seed).
During the summer months, the days grow longer the
further north you go and the closer you get to the summer
solstice (p. 33-34).
Soybean varieties in Austria (p. 41-43): Soybean
breeding in Austria began with the small-seeded black Platter
SS 14; the weight of 1,000 seeds was 65 gm. But from it
large-seeded varieties were developed with a 1,000 seed
weight of 160 gm. The yield of SS 14 was low. In the 1929
seed catalog from Platt the following new soybean varieties
appeared for the first time: Platter gelbe Riesen (Platt Yellow
Giant). Platter gelbe (Platt Yellow). And on the price list the
following varieties appeared: Frühe Braune (Early Brown).
Braungelbe I und II (Brownish Yellow I and II). Fruwirth’s
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Black Eyebrow. Schwarze von Rastatt (Black from Rastatt
[in Baden-Württemberg]).
In 1927 twenty varieties were received from the USA;
the names and days to maturity are given.
In 1937 in Austria the Soya Ring (Sojaring) was
founded. Growing contracts were signed with industry and
prices agreed upon. The processing industry was built mainly
on processing imported soybeans, but it was soon agreed
that with the import license a part of the duty could be used
to buy a certain amount of domestic soybeans and process
them.
European varieties (p. 45-47): A list of 10 German
varieties, two Polish varieties, eight Austrian varieties, one
Hungarian variety, and 20 French varieties is given. In 1947
most of the French varieties were developed by Rouest. A
report by H. Gay in Tunisia reports on various U.S. soybeans
grown there. When Henry Ford went to Europe, he first tried
growing soybeans he brought from Michigan. But when
they didn’t ripen, he began to work with Mr. J.L. North. Two
Yugoslavian and two Romanian varieties are mentioned.
The Romans understood that growing legumes improves
the soil for later crops. The Chinese probably understood
that too. But Hellriegel was the first to clearly understand the
nature and function of root bacteria. (p. 50-51).
Soybean breeding in central Europe started in about
1927 (p. 54). The soybean is a plant that prefers warmth (p.
65).
Illustrations show: (1) Exports of soybeans from Asia
to Europe, 1908-1933 (p. 7). (2) Soybean growing areas in
Asia, Africa, and Europe (p. 8). (3) Soybean growing areas
in the USA (p. 9). (4) The four stages of a soybean seed as
it sprouts in the soil (p. 26). (5) A young soybean plant. (6)
The main axis of a soybean plant (p. 27). (7) Three soybean
plant growth types (p. 28). (8) Growth of the plant’s root
systems (p. 28). (9) The shape of two different sets of leaves.
(10) Pods filled with seeds on a stem (p. 30). (11) Empty
pods on a stem. (12) Vegetative and reproductive of the
soybean plant (p. 31). (13) Development of the underground
portions of the plant with time. (14) Graph of day length in
Vienna. Maximum length on June 20 (p. 34). (15) Graph
of day length in Vienna and Lamagistere (shorter days than
Vienna). (16) Relationship between planting date and yield
of seeds and straw (p. 41). (17) Damage by rabbits to young
soybean plants (p. 49). (18) Development of the vegetative
phases of the soybean plant with time (p. 55). (19) Vegetative
development of a late variety. (20) Vegetative development
of a very late variety. (21) Vegetative development of an
ideal variety (p. 56). (22) Shortening of the vegetative
period. (23) Map of Europe showing where large-scale
cultivation of soybeans is possible (p. 63). (24) Map of
Austria showing three zones where large-scale cultivation of
soybeans is possible; most are in eastern Austria (p. 64). (25)
The soybean root system needs deep penetration of the soil
(p. 67). (26) A crust on the soil surface reduces water loss

from sun and wind (p. 68). (27) One ha of soybeans takes
from the soil: 80 kg water, 130 kg nitrogen, 120 kg lime /
calcium, 80 kg silicon, 56 kg potassium, 40 kg phosphorus,
40 kg magnesium. (28) Record the dates of soybean planting
and harvest (p. 70). (29) How to store soybeans: right way
and wrong way. (30) Different distances between seeds in
a row: 5, 7¼, 10 and 15 cm. (31) Widths between rows.
(32) Planting rows for mechanical harvest. (33) Square,
rectangular and triangular planting patterns (p. 76).
The 33 interesting photos at the back of the book
include: (1) A single soybean plant of the variety Platter
gelbe Riesen [Platt Giant Yellow] with pods. (2a) A plant of
the first acclimatized soybean variety, SS 14. (2b) A soybean
plant of the variety Pflanze gelbe Riesen in Lamagistere,
heavy with pods growing close to the stem. (3a) The first
soybean field in 1924 growing the variety Platter SS 14. (3b)
The same field one year later.
(4a) A soybean breeding nursery in Platt: In the
foreground, early, low soybean varieties. In the background,
late fodder varieties. A man is standing in the middle of the
field. (5a) A soybean breeding nursery in southern France (at
Lamagistere). A man is standing in the middle of the field.
(5b) In April 1937 the best Austrian soybean varieties being
planted at St. Sylvain d’Anjou. Five people are involved
with planting at the front of the field, and two are standing
in the distant background. (6a-b) Already in France, soybean
varieties harvested in Austria are being planted in the
breeding nursery, above at Lamagistere, below at St. Sylvain.
(7a) Preparing the soil for planting in a soybean field in
Austria using a team of bullocks; behind them 3 people are
standing in the field.
(7b) Threshing the cream of the crop of Platter gelbe
Riesen varieties harvested in Casablanca, Morocco. (8a) A
field of Austrian soybean varieties in Marrakech (Marakesh),
French Morocco. (8b) Storing threshed elite soybeans in a
light rectangular wooden box (with two narrow cross-pieces
across the top) in Casablanca. Three men on bended knees,
looking happy, are just behind the box with their hands in the
clean soybeans–which will later be used for seed.
(10a) Marcel Blanchard with a breeding nursery of
Austrian soybeans at Agen (Garonne), France. (10b) Closeup of soybean seeds from Platt. (11a). Soybean nodules
inoculated with Radicin. (11b). Inoculating the sterile agar
nutrient solution with pure culture at the Radicin factory.
The Radicin factory. (12a) Propagation / multiplication of
the bacteria in the incubation room. A scientist in a white lab
coat, is standing in front of floor-to-ceiling cubbyholes for
inoculant in test tubes stoppered with a plugs of cotton. (12b)
A man, standing by a planter as he inoculates the soybean
seeds in the seed box (Säkasten).
(13a-b) a field where investigations of hormone- and
vitamin use on soybean seeds is taking place in Braunsdorf,
Lower Austria. (14a) The first hoeing of emergent soybean
seedlings using a hoeing machine. (14b) Trials with varieties,
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row width, and time of planting in Casablanca, Morocco.
Two white houses (one having two stories) are visible behind
the fields of soybeans. (15a) Elite plants in the soybean
breeding nursery at Platt. (15b) Two stoppered test tubes.
Results of inoculation trials with Radicin in Rumania. (16a).
The soybean breeding plots at Platt, Lower Austria. (16b) A
soybean plant heavy with the pods of a new variety, Platter
Gelbe [Platt Yellow].
A ¼-page ad on page 79 states: Seed breeding
enterprise. F.A. Brillmayer. Braunsdorf, Post Roseldorf,
Nieder Oesterreich [Lower Austria]. High quality varieties
of the following: Soybeans, bush beans, red beetroots,
sunflowers, polebeans, carrots, flat millet, Kolben millet.
Address: Braunsdorf, Post Roseldorf, Niederoesterreich
(Lower Austria), Austria.
878. Staff of the U.S. Regional Soybean Laboratory,
Southern Section. comps. 1947. Results of the Cooperative
Uniform Soybean Tests, 1946: Part II. Southern
States. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois) No. 141. June. 118 p.
https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/46soybook.pdf
• Summary: Except for the cover, this document is
typewritten.
Contents: Introduction. Cooperation. Location of
uniform tests [outline map of southeastern United States].
Weather summary. Methods. Uniform test, Group III.
Uniform test, Group IV-S. Uniform test, Group VI. Uniform
test, Group VII. Uniform Test, Group VIII. Preliminary
Group V. Effect of location on composition. Disease
investigation.
“Introduction: Breeding to develop adapted highyielding varieties of soybeans, having a composition most
suited to industrial utilization, is the chief objective of the
cooperative program between the U.S. Regional Soybean
Laboratory and the State Agricultural Experiment Stations
of the Southern States. Active breeding programs are under
way at a number of locations, representative of a wide range
in environmental conditions. The free exchange of material
for preliminary study between cooperative breeders is
providing an excellent basis for the evaluation of new strains
over the region. Many new strains from this program have
been selected from hybrid populations for further study. All
promising material is classified into maturity groups and is
grown along with check varieties at a sufficient number of
locations to enable agronomists to determine the value of
these strains over a wide range of environmental conditions.
“Strains adapted to the Southern States are entered in the
progressively later-maturing tests, Groups IV-S, VI, VII, and
VIII. At normal planting dates, the varieties and strains of
Group IV-S mature from late August to early September. The
varieties and strains of Group VI mature in early October,
those of Group VII in late October, and those of Group VIII

in early November. The maturity of the varieties within these
groups are progressively later across the Upper South and
earlier in the Lower South.
“At the time the southern program was initiated in
1943, strains had not been developed of a maturity between
Macoupin or S100 of Group IV, and Ogden-Arksoy varieties
of Group VI. Varieties of this maturity would be particularly
desirable as the early maturity and harvest would allow more
time for seed-bed preparation and fall seeding of winter
grains, an excellent cropping sequence in the South. The
acreage per combine could also be materially increased by
growing varieties of different maturities. In this connection,
a group of new strains of Group V maturity, developed in the
cooperative breeding program, were grown in preliminary
tests at a number of locations in 1946. The better strains of
this group were selected by the collaborators and entered as
Uniform Test Group V in 1947 regional tests.”
Pages 4-5: Location of cooperative nurseries and
cooperators.
Page 6 (Fig. 1): Map of southern states showing location
of most of the cooperative uniform tests, 1945. Page 6a:
Subdivisions of the Southern Region (from left to right):
West (Texas and Oklahoma), Delta (Louisiana, Mississippi,
Arkansas, Missouri), Upper and Central South (Tennessee,
Kentucky, West Virginia), Southeast (including all of
Alabama, Georgia, Florida, and South Carolina), and East
Coast (North Carolina, Virginia).
Page 7: Methods: Tells how the following are measured:
Yields. Chemical composition. Lodging. Shattering.
Height (of plants). Maturity. Seed quality (rated from
1 to 5). Statistical analysis (by analysis of variance).
Address: 1. Principal Agronomist; 2. Senior Agronomist; 3.
Agronomist; 4. Asst. Agronomist, Bureau of Plant Industry,
Soils, and Agricultural Engineering, Agricultural Research
Administration, U.S.D.A.
879. Galston, Arthur William. 1947. The effect of
2,3,5-triiodobenzoic acid on the growth and flowering of
soybeans. American J. of Botany 34:356-60. July. [26 ref]
• Summary: Since 1920, when Garner and Allard discovered
photoperiodism, plant physiologists have tried to define
the specific chemical events responsible for the onset of
flowering. During the past decade, much evidence has been
gathered to support the hypothesis that a specific floral
hormone (named florigen by Cajlachjan [Chailakhian], 1936)
is produced in the leaves under appropriate photoperiodic
conditions, then is translocated by living cells to the buds.
These findings have been summarized recently by Hamner
(1942) and Galston (1943).
Yet almost all attempts to extract florigen from plants
materials have proved unsuccessful.
In 1942, Zimmerman and Hitchcock reported that
2,3,5-triiodobenzoic acid (TIBA), a purely synthetic
substance, when applied to tomato plants, would cause
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ordinarily vegetative buds to produce flowers. Galston found
that TIBA does not possess florigenic activity, since it will
not cause vegetative soybean plants to flower. “However,
it will greatly augment the flowering response due to
photoperiodic induction.” In vegetative soybean plants,
TIBA seems to cause auxin aberrations. Address: Dep. of
Botany, Yale Univ., New Haven, Connecticut.
880. Cartter, J.L. 1947. Research on soybeans. Soybean
Digest. Aug. p. 12-14, 17.
• Summary: A talk given on Feb. 28, 1947 at the Soybean
Conference, Northern Regional Research Laboratory, Peoria,
Illinois, discusses some of the accomplishments of the
Regional Soybean Laboratory at Urbana.
Editor’s introduction: “A comprehensive breeding and
disease control program, tailor-made to fit the changing
needs of the times, has been developed by the U.S. Regional
Soybean Laboratory. Mr. Cartter has been agronomist in
charge of the Laboratory at Urbana since 1942.”
“We plan to tell you this morning about the organization
of the U.S. Regional Soybean Laboratory and some of the
accomplishments. We will also discuss the soybean disease
investigations of the Division of Forage Crops and Diseases
and mention some of the accomplishments of that work. The
U.S. Regional Soybean Laboratory was organized in 1936,
being the third of a series of laboratories initiated under the
Bankhead-Jones Act. The Soybean Laboratory as originally
set up was a cooperation between the Bureau of Plant
Industry, Soils, and Agricultural Engineering; the Bureau of
Agricultural and Industrial Chemistry; and the 12 states of
the North Central region.
“In 1942 the work on industrial utilization of the
soybean was transferred to the Northern Regional Research
Laboratory. At that same time, there was an urgent need
developing for additional vegetable oils and high-protein
feeds to meet the demands of the war period. At the request
of the experiment station directors of the Southeastern states
and with the permission of the directors of the North Central
states, the work of the Laboratory was expanded to include
the two regions. The purpose of the Laboratory as set forth
in a cooperative agreement approved by the North Central
directors in October 1942 reads as follows:
“’The object of the research to be done under this
memorandum is to develop, through breeding, adapted
superior strains or varieties of soybeans for industrial
purposes and to obtain facts relating to the effect of variety,
soil, climate, fertilizers, minor elements, and disease on the
growth methods of production, and composition of soybean
seed for industrial uses.’
“Work during the first few years was devoted to
fundamental studies on the methods of breeding soybeans
and on exploring the factors affecting accuracy of nursery
trials. Along with this work we also began the collection of
soybean introductions and selections to serve as a foundation

stock of germ plasm for the breeding work. Along with
these fundamental studies and the collection of foundation
material, an extensive program of breeding was initiated.
“The development of improved varieties of soybeans,
in early years, came through selections from introductions
obtained from the Orient. This first work, which occupied the
period up to the last few years, resulted in the development
of such varieties as Dunfield, Illini, Manchu, Richland, and
many of the other varieties with which we have been familiar
in the past and which have played an important part in the
establishment of soybeans as a major crop.
“New, improved soybean varieties are now produced
largely by hybridization. Most of the crosses that are being
developed through the cooperative program are made at four
or five breeding centers and the better of the segregating
plant populations are distributed in an early stage to all the
interested experiment stations so that further selection can be
done in the area for which the strains are being developed.
“In connection with the evaluation of new strains, the
establishment of an analytical section in the Laboratory
has permitted the use of chemical analysis as a tool in the
breeding work. In the past it has been customary to make
selection only for yield, lodging resistance, seed quality,
maturity, and such other agronomic factors that could
be observed. The use of chemical analysis has increased
tremendously the opportunities for developing varieties that
are superior for industrial use, as well as superior in yield.
“After strains produced through the breeding work have
become sufficiently fixed as to type, the better of them are
placed in preliminary nurseries. The best of these are entered
in what we have designated as the ‘Uniform Soybean Tests’
which have been set up to give a critical evaluation of the
top strains that are being developed through the breeding
program. The varieties and strains we are studying in the
Uniform Soybean Tests are divided into maturity groups, and
starting with the very earliest, adapted to North Dakota and
Minnesota, we have designated these as the Uniform Test,
Groups 0, I, II, III, etc., extending down to Group VIII which
is composed of very late strains adapted to the southern part
of the Gulf Coast Region of the United States; During the
past season nurseries were planted at 44 locations in the
North Central states and at 52 locations in the South.
“Accomplishments of the Breeding Program: In regard
to accomplishments we will mention first some of the
progress in the Southeastern states. In 1943 and for the
next 2 years, the Uniform Tests which we established in
cooperation with the state experiment stations of the region
were composed mostly of the named varieties that were
available and were being recommended by the state stations.
These studies indicated that Ogden, which was then grown
to a limited extent, was outstanding in the upper half of the
Southern region, being the highest in yield and oil content
of the strains under test, and being very lodging resistant. It
is now the principal variety in this area. Ogden, however, is
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rather short especially on poor soils, and has a tendency to
shatter. It is now being used extensively in crosses to carry
its desirable qualities into new strains that are taller and hold
their seed better.
“Roanoke, a selection from a mixed seed lot, has been
developed at the North Carolina Experiment Station by Jack
Rigney of the agronomy department and Edgar Hartwig
of the Laboratory. Roanoke is some 10 days later than
Ogden, being of about the same maturity as Volstate. It has
been outstanding in the central South, slightly out-yielding
Volstate, and having an oil content about 0.7 percent higher.
“A selection out of a cross Haberlandt x Ogden is
showing much promise in recent yield tests. This strain
has the yield of Ogden combined with the taller and better
seed-holding habit of the Haberlandt variety. In general it
is adapted to less fertile soils than Ogden and embodies the
high oil content characteristic of the Haberlandt. Many of
these new strains will rapidly replace the older varieties, as
their value is realized and seed stocks become available.
“Up to this year there have been no particularly
outstanding strains of the maturity of Group V, that is, for
material to be grown through Tennessee, northern Arkansas,
and Oklahoma. We are starting in 1947 a Group V nursery
which will contain strains from crosses between Dunfield
x Arksoy, Haberlandt x Dunfield, and a number of other
crosses between the better northern and southern strains. We
feel confident that through this breeding program strains will
be developed that will be superior and well adapted to this
area.
“Southeastern States: In the southeastern part of the
United States some difficulty has been encountered in
obtaining strains with good seed quality. It has been found
that varieties coming from the Nanking region of China are
able to develop good seed under these conditions. Many
of these types, such as Monetta, Nanking, Palmetto, and
Missoy, have been crossed with such high-yielding, highoil-content strains as Odgen and Volstate, and selections
from these crosses have been obtained that give indication
of being superior to any of the strains now available for the
southeastern Coastal Plains region. One of these new strains
from a cross Ogden x Missoy entered in Uniform Test,
Group VII, in 1946 led these strains in yield in the Southeast
this first year.
“Turning to the North Central States, the first few
years of the Laboratory work, so far as the development of
varieties and strains was concerned, was devoted mainly to
the agronomic and chemical evaluation of the varieties that
were available. Among the strains released on the basis of
the evaluation were Patoka, Gibson, and Earlyana developed
by the Indiana Experiment Station; Chief, developed by
the Illinois Station; and Boone, developed by the Missouri
Station. By growing strains in the Uniform Nurseries at
many locations in a region, it has been possible to evaluate
them in a relatively short period of time. This is due to the

fact that within a single year the seasonal. conditions will
vary considerably from place to place giving the equivalent
of several crop years of information within a single season”
(Continued). Address: Agronomist in Charge, Regional
Soybean Lab., Urbana, Illinois.
881. Lambert, W.V. 1947. Improvement and industrial
utilization of soybeans: Research under the Soybean
Laboratory program. USDA Miscellaneous Publication No.
623. 26 p. Sept. Summarized in Soybean Digest, Nov. 1947,
p. 35. [148 ref]
• Summary: Page 1: “Prepared in the Office of the
Administrator of the Agricultural Research Administration
in collaboration with those responsible for the research
described.”
Contents: Introduction. Background of soybean
problems. Organization of the Laboratory. The cooperative
research program. Accomplishments of the research work:
Soybeans and their industrial uses, protein content of
soybeans, oil content of soybeans, improvement of soybean
varieties (the new Lincoln variety, extending the range of
soybean production, basic information on varieties and
strains, physiological studies), disease-control studies,
extension of the cooperative program to the South, storage
of soybeans, establishment of standards and studies of
composition and use, research services to growers and
processors, improving industrial products from soybean
meal, improving industrial products from soybean oil.
Publications of the soybean laboratory and cooperators.
The lengthy bibliography is titled “Publications of
the Soybean Laboratory and Cooperators.” It includes the
research of the Laboratory prior to its transfer to Peoria in
1942. This publication is one of a series of nine covering the
regional laboratories established under the Bankhead-Jones
Act of 1935.
This publication begins: “Establishment of a new
laboratory to study ‘America’s fastest expanding crop’ was
announced by the Secretary of Agriculture on March 16,
1936. ‘Twelve North Central States and the U.S. Department
of Agriculture have opened a cooperative soybean industrial
research laboratory at Urbana, Illinois,’ the announcement
reported. The 12 participating States were Ohio, Indiana,
Illinois, Michigan, Wisconsin, Minnesota, Iowa, Nebraska,
Kansas, Missouri, North Dakota, and South Dakota (fig. 1).
“Representatives of the Department and of the
experiment stations of these States had met in Chicago
February 7, 1936, to give joint consideration to the
establishment and planning of a regional laboratory under
the provisions of the Bankhead-Jones Act. Suggestions for
research received from the States were used in outlining
a proposed program for the consideration of the joint
conference, which recommended approval of a soybean
laboratory for the region and agreed to the general
objectives.
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“Background of Soybean Problems: During the
period 1926-35 the acreage of soybeans harvested for
beans increased from 466,000 to 2,915,000 acres, and the
production of beans rose from 5,239,000 to 48,901,000
bushels. Much of this expansion took place in States of the
north-central region. The research and educational programs
of State agencies and the Department contributed to this
growth. The availability of new varieties of soybeans suited
to differences in soil fertility and length of growing season
was an important factor in the expansion of production into
new areas. The study and distribution by the Department of
thousands of new introductions of soybeans from the Far
East provided material for this expansion.
“The demand for food and feed crops in the years
1915-25 had given considerable impetus to the growing of
soybeans for hay and grazing, which created a demand for
seed beans. As better adapted varieties were established, seed
production expanded into new areas, and attractive prices for
the seed stimulated seed growing in areas that had previously
depended on outside sources.
“The use of soybeans for hay and grazing familiarized
many farmers with the crop. Soybeans proved resistant to
drought and provided a legume for use on lands unsuited to
the production of red clover. On other lands where red clover
frequently failed, the soybean was used as a catch crop. It
also fitted into the primary cropping system of certain areas
of the region, replacing grain, particularly oats. The period
1925-35 was marked by diminishing export outlets for grain,
and growers were looking for new crops.
“According to the annual report of the Illinois
Agricultural Experiment Station for 1935-36, on 102 farms
in the heavy soybean-producing area in Illinois, soybeans
in 1935 occupied 36 percent of the total farm area and 42
percent of the area in harvested crops, as compared with
about 16 percent and 20 percent, respectively, in 1928
and 1929. This rapid increase came about largely because
farmers substituted soybeans for a part of their grain crops.
In 1928 and 1929 the acreage of soybeans on these farms
was second to that in corn; in 1935 there was more land in
soybeans than in corn.
“Reduced domestic production of other oil-bearing
seeds and increase of duty on imported vegetable oils
were favorable to the expanding commercial production of
soybeans for oil. Cottonseed production was down because
of diminishing export outlets for cotton and increasing
hazards from boll weevil in the cotton States, resulting in
reductions in cotton acreage.
“Prices in 1915 and 1925 were favorable to expansion
in soybean seed production. The adaptation of the combine
to harvesting and improvements in varieties and in cultural
methods stimulated production of seed. By 1928 growing
of soybeans for processing was accelerated in Illinois by
an offer by processors of contracts for commercial seed
production up to 50,000 acres with a guaranteed price of

$1.35 per bushel for No. 2 beans delivered at two points in
the State. These market contracts and the later development
of a growers’ marketing organization gave a measure of
stability to commercial production.
“When a soybean laboratory was under consideration in
1935, considerable industrial technology on the utilization
of soybean products had already been developed. Industries
had gained some experience through the use of limited
domestic supplies and large importations of soybeans during
World War I. A measure of the previous developments in
the technology of the crop is the fact that 206 patents were
issued on soybean products and processes in the United
States between 1905 and 1936. The patents included 107
pertaining to food uses, 52 to general processes, and 47
to nonfood industrial processes. Various industries in the
north-central region were ready to use the soybean and its
products. The soap industry with its expanding markets,
paint and varnish manufacturers, vegetable-shortening and
oleomargarine processors, casein and glue producers, and
plastics manufacturers were established in the region. There
was no lack of an industrial market for soybean oil, and
the demands for meal in industrial products and food were
growing.
“The background conditions which have been described
were largely favorable to the expansion of the soybean crop.
The crop and its associated industries, however, had made
progress in the face of many difficulties, and the outlook in
1935 was far from favorable in all respects.
“Returns to growers had been unsatisfactory. The Illinois
Agricultural Experiment Station reported that during the
decade 1921-30 soybeans were less profitable on the better
land of the Corn Belt than corn, wheat, alfalfa, or red clover,
though they were more profitable than oats or timothy. It
was further reported that ‘during this period the returns
from soybeans, including seed and mill beans, and straw
lacked 17 cents an acre of being sufficient to pay growing
and harvesting costs and taxes and interest on the land.’
Varieties of beans better suited to industrial utilization and
further economies in the cost of production were considered
necessary. Those most familiar with the agronomic phases
of the crop saw opportunities to improve its position through
breeding and introducing varieties better adapted to the
region and to industrial uses.
“At the time of the establishment of the Soybean
Laboratory, the expansion in processing facilities had
kept pace with the increased production of beans, and the
products were finding ready market outlets. The equipment
and processes used had been developed for handling other
oilseeds, however, and they needed adjustment to be
effective in processing soybeans. Soybean products were
supplying a market made available by the shortage of lard,
cottonseed, flaxseed, and casein and were looked upon as
inferior substitutes. If the primary products should regain
their normal rate of production, it was feared that soybeans
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would lose this market. Those most familiar with the
industry and its problems felt that the future competitive
position of soybeans could be strengthened through
improvement of the industrial processes and modification of
the products. There was a need for adequate market grades
as a basis for dealing with growers. Shortening made from
soybean oil had poor keeping quality and unpalatable flavors.
Soybean oil for paints and varnishes needed improvement
in drying properties and uniformity of quality. Soybean
protein was being used to some extent, but basic information
on its recovery, natural properties, and opportunities for
modification was largely lacking” (Continued). Address:
Administrator of Agricultural Research.
882. Lambert, W.V. 1947. Improvement and industrial
utilization of soybeans: Research under the Soybean
Laboratory program (Continued–Document part II). USDA
Miscellaneous Publication No. 623. 26 p. Sept. Summarized
in Soybean Digest, Nov. 1947, p. 35. [148 ref]
• Summary: Continued. Page 4: “Organization of the
Laboratory: In selecting the location for the Soybean
Laboratory, the advantages offered by the University
of Illinois at Urbana were considered outstanding. The
University, through its research and extension programs,
had successfully established a place for the crop in the
agriculture of the State. Illinois, in the heart of the northcentral soybean-producing area, grows more soybeans
than any other State. The offer of laboratory space, storage
facilities, plot land, and associated services by the University
made possible the immediate establishment of the laboratory
at Urbana.
“Since the problems of soybean production and
utilization required both biological and technological studies,
two bureaus of the Department cooperated with the States in
planning the research program of the laboratory. The Bureau
of Plant Industry cooperated in the development of plans for
the study of factors influencing the production and quality of
the crop, and the Bureau of Chemistry and Soils contributed
to the planning of research on the qualities of soybeans
desired by industry and the development of industrial
processes to extend the uses for soybean products.
“The initial organization of the laboratory called for
a director as administrative head and a staff of specialists
in agronomy and chemistry. The agronomic work was
integrated with the Department’s soybean program in the
Bureau of Plant Industry, and with work in the States by
the establishment of cooperative agents in five States in the
major soil and climatic areas where soybeans were produced.
“The chemical personnel included as project leaders
a chemical engineer to serve the processing requirements
of the laboratory and to conduct research in this field, a
chemist familiar with industrial plastics and other uses for
plant proteins, an oil chemist, and an analytical chemist;
and in addition, three associate chemists and a number of

assistants. Under cooperative arrangements with the Indiana
Agricultural Experiment Station, two cooperative agents
were appointed for chemical research on soybean products in
that institution.
“The understanding between the 12 States and the
Department provided for continued joint planning and
coordination of the laboratory’s research program for the
broad regional attack on soybean production and utilization
problems. State representatives designated by their respective
experiment station directors were appointed collaborators
by the Secretary of Agriculture. The collaborators and
Department representatives functioned as a planning and
integrating group. Representatives of the States agreed to
assemble short abstracts descriptive of any work being
carried on at their stations which pertained to soybeans.
“On July 1, 1942, the research on utilization of soybeans
and their byproducts, which up to that time had been carried
on in the laboratory at Urbana, was transferred to the
Northern Regional Research Laboratory at Peoria, Illinois.
The agronomic studies, including genetics, breeding, and
physiology, were continued at the Soybean Laboratory and
in the cooperating States. Chemical facilities to serve the
breeding and physiological programs also remained in the
Urbana laboratory. The soybean was designated as one of
the farm commodities for study at the Northern Regional
Research Laboratory, and the research program on industrial
utilization has been further developed there. As a result of
this change the U.S. Regional Soybean Laboratory at Urbana
was able to extend the cooperative breeding and research
studies to the agricultural experiment stations of 12 Southern
States.
“The Cooperative Research Program: At the first
meeting of the collaborators in Urbana on April 22, 1936,
consideration was given to the further development
of research plans. In fields of chemistry and chemical
engineering four groups of projects were outlined. These
included studies of (1) soybean oil in food and nonfood
uses, (2) soybean meal as a source of industrial products,
(3) chemical properties of soybeans and their products, and
(4) engineering aspects of processing. Joint agronomic and
chemical research was outlined to study the influence of
differences in variety, soil type, soil treatment, and climate
on the composition of the beans. Agronomic studies were
directed to the further selection and improvement of varieties
by breeding with special reference to regional adaptation and
industrial uses. The soybean production studies were later
supplemented with controlled physiological investigations
to learn more about the influence of environment on the
composition of soybeans, and with studies of soybean
diseases and their control by breeding resistant varieties and
by other methods.
“The cooperative research planned with the Indiana
Agricultural Experiment Station included studies of the
chemistry of the phosphatides, sterols, and associated
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compounds of soybeans and of the isolation, identification,
and characterization of the carbohydrates of soybeans.
“Accomplishments of the Research Work: In reviewing
the work and accomplishments of the U.S. Regional Soybean
Laboratory, it should be remembered that its purpose was
specific and that its progress was the result of the splendid
cooperation of growers, processors, manufacturers, and
educational and research forces in the region. Its founders
planned ‘to obtain, through basic research, facts and
materials applicable to the industrial utilization of the
soybean and soybean products and to develop methods
whereby these facts and materials may be utilized for the
benefit of agriculture.’ The plans were unique at the time in
that they proposed to integrate research on the production
of a farm crop with research for its industrial utilization. It
was expected that the closer association of these purposes
would result in a clearer understanding of the factors which
influence the industrial qualities of the crop. In the present
summary of progress toward this end, consideration is
given to improvements in and standardization of the crop
as a source of industrial raw material, the advancement of
basic knowledge of its components and properties, and the
application of this knowledge to the manufacture of useful
products.”
“Soybeans and Their Industrial Uses: The long and
varied use of the soybean in the Orient has developed and
preserved varieties suited to a broad range of climate and
use. Some of those varieties had been introduced into the
United States by representatives of the State experiment
stations and were grown on limited areas prior to 1900. The
Department introduced a large number of varieties in 1898
and has continued to seek superior strains since that time.
The careful study by W.J. Morse, of the Bureau of Plant
Industry, of soybeans and their associated industries in the
Orient in 1929-31 was fruitful in the selection of soybean
varieties suited to special purposes and in the collection of
accurate information on the processing and manufacture of
soybean products. The results of this study proved valuable
to the development of the Soybean Laboratory program and
to the solution of emergency problems during World War II.
“Previous studies of available varieties had given some
measure of the differences in plant and seed characters of
soybeans due to variety. Varietal differences in oil content,
oil properties, and protein content had been observed, but the
available information on varieties of soybeans adapted to the
north-central region did not permit accurate predictions as
to their quantitative or qualitative industrial properties. The
cooperative research program, therefore, included plans for
a systematic study of representative varieties to be grown
under the various soil and climatic conditions in the region.
These uniform variety tests have been conducted by the State
agricultural experiment stations in Ohio, Indiana, Illinois,
Iowa, and Missouri since the beginning of the cooperative
program in 1936, and all of the North Central States have

cooperated in this work since 1942. It was expected that
agronomic records of the variety and environment correlated
with chemical analysis of the seed would indicate differences
due to variety and shed some light on the influence of
environment, soil type, soil fertility, and seasonal climatic
conditions on the industrial constituents and their properties.
“The initial variety studies of 1936 included the
following 8 named varieties and one strain designated by
number, arranged according to length of time required
to mature, from 100 to 130 days: Mandarin, Mukden,
Illini, Dunfield, Manchu, Scioto, T-117, Peking, and
Boone. Plantings were made in uniform tests at 43 points
representative of soybean-producing areas in Illinois,
Indiana, Iowa, Missouri, and Ohio. Additional varieties and
strains were included in these tests as promising selections
were developed in the breeding program. The variety studies
conducted each year since 1936 have provided helpful
information on the adaptation of varieties in the region to
industrial processing.”
Each of the accomplishments outlined in the Contents
(above) is discussed here in detail.
Photos and figures show: Cover: The laboratory
buildings at the University of Illinois, Urbana. (1) A map of
the United States. The States originally cooperating in the
work of the Soybean Laboratory are those shown in black.
Since 1942 the shaded States also have been cooperating
with the laboratory in its research program.
(2) Culture chamber at the Soybean Laboratory where
soybeans are grown under controlled environmental
conditions. (3) Laboratory equipment for determining the oil
content of soybeans of different varieties and strains.
(4) Two men in a field studying the growth of different
varieties of soybeans in a nursery at Lafayette, Indiana. (5) A
field of Lincoln soybeans in southern Iowa.
(6) Examining a soybean plant that has been inoculated
with a known disease and grown under controlled conditions
so that the symptoms of the disease can be studied. (7)
Making a chemical analysis of some of the constituents
of soybeans, The chemical composition of soybeans is an
important index to their potential uses.
(8) Soybean flakes freed from oil and ready to make
into a plastic material by the use of chemicals, pressure,
and heat. (9) Inspecting test panels treated with soybean-oil
varnish and exposed to the weather on a 45º rack. Address:
Administrator of Agricultural Research.
883. Franco, C.M.; Loomis, W.E. 1947. The absorption
of phosphorus and iron from nutrient solutions. Plant
Physiology 22(4):627-34. Oct. [6 ref]
• Summary: Seedlings of soybeans and other plants were
grown in nutrient solutions to study ion balance. They were
compared for color, growth, and phosphorus absorption.
Discusses solutions that cause and prevent iron chlorosis.
Address: 1. Instituto Agronomico, Campinas Brazil; 2. Iowa
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St. College, Ames.
884. MacVicar, Robert; Tottingham, W.E. 1947. A further
investigation of the replacement of boron by indoleacetic
acid. Plant Physiology 22(4):598-602. Oct. [6 ref]
• Summary: Experiments with soybeans and four other
plants. “Summary: No significant alleviation of boron
deficiency by indoleacetic acid was noted in sand culture
under normal greenhouse conditions with tomato, cotton,
sunflower, soybean, and tobacco plants.” Address: Univ. of
Wisconsin, Madison, Wisconsin.
885. Hammond, L.C. 1947. Rate of nutrient uptake by
soybeans on two Iowa soils. MSc thesis, Iowa State College.
*
Address: Ames, Iowa.
886. Fritzsche, Curt. 1947. Die Sojabohne: Anbau und
Verwertung [The soybean: Cultivation and utilization].
Lueneburg [near Hamburg], Germany: Metta Kinau Verlag
Nachf. 48 p. Series: Kurzschriften fuer Landwirtschaft,
Gartenbau und Siedlung. 11. [Ger]
• Summary: Contents: Introduction. 1. Origin of the soybean
(in Asia and Europe, including the work of Haberlandt in
central Europe, plus instructions for making Chinese-style
chiang, soy sauce, and tofu). 2. Description of the soybean.
3. The culture of the soybean. 4. Diseases and enemies of
the soybean. 5. The economic significance of the soybean:
As a food, as an oilseed, and in applied science/industry. 6.
Advantages of the soybean: For the farmer, for the economy.
7. Effect of soybean culture on the national diet. 8. Tested
recipes for the household. Conclusion. Address: Friedersdorf
& Berlin.
887. Schad, C.; Mayer, R.; Hugues, P. 1947. Le soya:
Caractères, classification des variétés [The soybean:
Characteristics and classification of the varieties]. Paris:
Imprimerie Nationale. 125 p. Plus 3 unnumbered pages
of 20 color plates and descriptions at end. Illust. Index of
soybean varieties. 27 cm. Station d’Amélioration des Plantes
de Clermont-Ferrand, Institut National de la Recherche
Agronomique. [84 ref. Fre]
• Summary: At head of title page: Ministère de l’Agriculture.
Institut National de la Recherche Agronomique. Contents:
Introduction. Classification and affinities (Systématiques
et Affinités): Botanical classification, affinities, cytology,
centers of origin, floral biology. Agronomic classifications:
American, Russian, German. Study of the characters used
for classification: Morphological characters (seed, pod,
seedling (plantule), plant, leaves and foliage, inflorescence
and flower), physiological characters (duration of the period
of vegetative growth, composition of the seeds, resistance to
diseases, resistance to heat, quality of production, agronomic
and genetic factors governing yield), heredity of characters

(genetic factors, connection between genetic factors), relative
importance of the characters, expression of characters.
Bibliography. Keys of determination. Indexed description
of the principal varieties. Alphabetic index of varieties.
Table of plates (p. 128 and 3 unnumbered pages at end):
Twenty colored illustrations show color of seed, gradations
in mottling, shade and shape of pods, types of inflorescence,
flower color and pubescence (hairiness), and coloring of
seedlings.
This is mainly a review of the morphological and
physiological characters by which Glycine soja is classified
into varieties. Also discusses results of the import work
on soy conducted at the Station for Plant Improvement at
Clermond-Ferrand. Address: Station d’Amélioration des
Plantes de Clermont-Ferrand, France.
888. Steckel, Joe E. 1947. Manganese fertilization of
soybeans in Indiana. Proceedings–Soil Science Society of
America 11(C):345-48. [13 ref]
• Summary: “It has been known for a number of years that
manganese is essential for normal plant growth. Response
to manganese has been reported on oats, wheat, cowpeas,
soybeans, spinach, sudan grass, onions, potatoes, and
tomatoes (1, 4, 5, 6, 8, 9, 10, 12).” Address: Graduate Fellow
in Agronomy, Dep. of Agronomy, Purdue Univ. Agric. Exp.
Station, Lafayette, Indiana.
889. Thornton, Geo. D. 1947. The effect of nitrogen
fertilization on the nitrogen nutrition of legumes. PhD thesis,
Iowa State University. [8 ref]
Address: Iowa State College, Ames, Iowa.
890. Matrone, G.; Weybrew, J.A.; Peterson, W.J. 1948. The
influence of phosphate fertilization on the soybean plant
(Abstract). Proceedings of the Annual Convention of the
Association of Southern Agricultural Workers 45:87.
• Summary: On the cover: “45th Annual Convention held
in Washington, DC, Feb. 12, 13, 14, 1948.” This abstract
is in the “Agronomy” section. “Chemical, botanical. and
biological measurements have been made to study the effect
of phosphate fertilization on the soybean plant. Data are
presented to show that a proper assessment of nutritive value
in studies of this kind must include control or measurement
of (a) biological variations arising from gradients in soil
fertility. (b) differences in forage composition due to
contamination with other species. and (c) differences in
animal response. The results of animal studies indicate that
replications kept intact from the soil to the animal assist both
in estimating true differences and in evaluating the causative
factors. Application of the equivalent of 40 pounds P2O5 per
acre to a Bladen type soil deficient in phosphorus increased
the yield of soybean hay 100 per cent but did not result in a
significant difference in plant composition as measured by
the standard feedingstuffs analysis.” Address: U.S. Plant,
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Soil, and Nutrition Laboratory, Ithaca. New York, and North
Carolina State College, Raleigh, North Carolina.
891. Ricker, P.L.; Morse, W.J. 1948. The correct botanical
name for the soybean. J. of the American Society of
Agronomy 40(2):190-91. Feb. [11 ref]
• Summary: “The multiplicity of botanical names applied to
the soybean by various authors has created much confusion
in the minds of agronomists, and even among many amateur
and professional botanists, as to the correct name to use. This
confusion has been increased by the use of the name Glycine
soja in the 1942 edition of Standardized Plant Names (page
275), a work supposedly the last word on such questions.
The confusion was also increased by the use of the genus
Glycine in place of the genus Apios in Britton and Brown’s
‘Illustrated Flora.’”
“For many years the name Glycine hispida (Moench)
Maximowicz was generally used for the soybean.
“In 1914, Dr. C.V. Piper published an article (1),
showing conclusively that the oldest specific name for the
soybean is Phaseolus max L. (2) and indicating that on
account of all but one of the original species of the genus
Glycine L. (3) having been removed from the genus, the
generic name Soja (4) should be taken up. Moench (4) used
the name Soja hispida (Moench), so Piper, taking up the
earlier specific name. makes the new name Soja max (L.)
Piper (5) for the soybean.”
“Under the International Rules, which require the use
of the earliest valid species name for a plant, it becomes
necessary to use the species name max for the soybean.
Therefore, the correct combination for the name of the
soybean is Glycine max (L.) Merrill.” Address: 1. Associate
Botanist; 2. Principal Agronomist. Both: Div. of Forage
Crops and Diseases, Plant Industry Station, Beltsville,
Maryland.
892. Struckmeyer, B. Esther; MacVicar, R. 1948. Further
investigations on the relation of photoperiod to the boron
requirement of plants. Botanical Gazette 109(3):237-49.
March. [8 ref]
• Summary: “6. Soybean var. Biloxi is a short-day plant and
resembles cocklebur in its response to boron deprivation.
This variety fruited in short days and showed no symptoms
when grown without boron. In long days, however, severe
symptoms in minus-boron cultures were apparent. Pagoda
soybean fruited at an early stage in both short and long
days; deficiency symptoms were not evident in the minusboron cultures on either photoperiod.” Address: Dep. of
Horticulture and Dep. of Biochemistry, Univ. of Wisconsin,
Madison, WI.
893. Wang, Sheo. 1948. Dadou zhong pi ban wen yi chuan:
yi dui xin de yin xing zhi ban yin zi [A recessive mottling
gene of soybean]. Zhonghua Nongshi Xuebao (J. of the

Agricultural Association of China) No. 186. p. 35-38. March.
[Chi; eng]
• Summary: “There are two kinds of mottling conditions
being usually found in soybeans, one being saddle and
another being brown seed coat with black stripes on it. Nagai
has found that the saddle condition was due to the presence
of the dominant gene K, while the stripe condition being due
to the similar gene M. Both K and M are dominant genes.
“In the study of the inheritance of seed coat color of
soybeans, the writer found that the stripe condition was not
caused by dominant gene but recessive one. This gene is
designated by ri. If the recessive gene, ri, occurred with the
complementary genes, R1 and R2, the black seed coat color
will be diluted to brown color with black stripes on it. If the
dominant gene, R1 occurred with R1 and R2, there will be
no diluting effect. The seed coat will be still black.
“The writer suggested that the genetic constitution of the
striped variety used in this study being iiggR1R1R2R2riri.
“This hypothesis has been proved by the following
studies
“1. when the striped variety crossed with the black
variety, the F1 being all black. The F2 segregated into 3
black ones and 1 striped one. The observed numbers are
good fit to the calculated numbers.
“2. when the striped variety crossed with the brown
variety, the F2 being all black. The F2 segregated into 9
black ones, 3 striped ones and 4 brown ones with goodness
of fit.
“3. when the striped variety crossed with the green
variety, the F1 being all green. The F2 segregated into 144
green ones, 43 yellow ones, 36 black ones, 12 striped ones
and 16 brown ones. The observed number is good fit to the
theoretical ratio.
“4. when the striped variety crossed with the yellow
variety, the F1 being all yellow. The F2 segregated into 48
yellow ones, 9 black ones, 3 striped ones and 4 brown ones.”
Address: China.
894. Morse, W.J. 1948. Fourth work planning conference
of the North Central States Collaborators of the U.S.
Regional Soybean Laboratory, Urbana, Illinois, March 1-3,
1948 (Continued–Document part II). RSLM (U.S. Regional
Soybean Laboratory Mimeograph, Urbana, Illinois) No. 148.
May 21. 29 + 9 p.
• Summary: (Continued): Page 13: “Breeding work has been
initiated to transfer the resistance to pustule of the C.N.S.
variety to the Lincoln variety. The C.N.S. variety is low in
oil, very susceptible to bacterial blight and lodging, and very
late for this latitude. Selections in the BC1S2 generation,
grown in 1947, had resistance to pustule, together with
satisfactory lodging and maturity. Their oil content and yield
performance will be tested later.
“A study of the effects of natural selection on a mixed
population has been under way for five years. A mixture of
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seven varieties has been grown at each of six locations, the
seed from each location being returned to the same location
each year. Preliminary results indicate that Scioto has almost
disappeared from the mixture at most locations, while
Patoka and Dunfield have increased at certain locations and
decreased at others.
“An experiment has just been concluded studying the
effects of gaps in the row on the yield of the affected row and
the adjacent row. This experiment has been conducted for
three years, using the Lincoln and Hawkeye varieties in 36and 24-inch row widths, with gaps of 12, 18, 24, 30, and 40
inches in a rod row. There were no significant effects of gaps
on the adjacent rows in any combination of varieties and row
spacings. There were no significant differences at the 36inch spacing between the check and the rows with 12-, 18-,
24-, and 30-inch gaps. Rows having 40-inch gaps averaged
about 1.5 bushels per acre less than the check. In the 24-inch
spacings, On the other hand, a gap of 24 inches lowered the
yield 2.1 bushels; a 30-inch gap, 3.2 bushels; and a 40-inch
gap, 3.8 bushels.
“Physiological work at the Laboratory headquarters by
D.F. McAlister–In the physiological program at the U.S.
Regional Soybean Laboratory, studies are under way on
mineral nutrition, effect of temperature on development and
chemical composition, greenhouse technique, and pollen
physiology.
“The mineral nutrition problem is being considered
from the standpoint of the efficiency of soybean varieties
in the use and/or absorption of potassium and phosphorus.
Preliminary cultures under controlled conditions have
indicated that soybean varieties differ in their capacity to
make vegetative growth when these two elements are held
at a very low concentration. To furnish basic information for
use in the mineral nutrition work, a study was made of the
mobility of food reserves in Lincoln and Earlyana cotyledons
and the influence of these reserves on the development of the
plant. At emergence, one-third of the phosphorus, two-thirds
of the potassium, nearly all of the available magnesium,
one-third of the protein, one-half of the fats and oils, and
nearly all of the total sugars had been transferred from the
cotyledons to the seedlings. Removal of the cotyledons at
emergence or two days later resulted in a decreased plant
site throughout the field growing season with both varieties.
Subsequent dates of cotyledon removal (up to 38 days after
planting) gave at most only a temporary setback to the
plants. No significant differences in seed yield were apparent
between any of the treatments.
“Satisfactory control of red spiders on soybeans grown
under greenhouse conditions has been obtained by using
as a spray 70 percent hexaethyltetraphosphate (trade name
“Blot”) at a dilution of 1 part of the insecticide to 1200 parts
of distilled water. A miscible concentrate of DDT (trade
name “Cert-O-Kill”) used as a spray in a concentration of
1 part of the insecticide to 400 parts of distilled water has

proved effective in the control of white fly on soybeans. A
soil composed of 1 part of field soil, 1 part pit sand, and 1
part granulated peat moss (by volume) [page 14] plus 100 cc.
of a 4-8-4, powdered, commercial fertilizer to each 5 gallons
of this mixture has produced satisfactory growth of soybeans
in the greenhouse. Number 10 cans with drain holes punched
in the bottom and filled with the above mixture have been
large enough to grow single soybean plants to maturity.
Fluorescent lamps, mounted vertically, have proved to be
suitable as a source of supplementary light for soybeans. The
chief advantages of these lamps are the uniform illumination
of the whole plant and the relatively small amount of heat
given off.
“Tests have been conducted on storage and germination
in vitro of Lincoln, Ogden, and Patoka pollen. Germination
values of as high as 75 percent have been obtained using a
medium composed of 2 percent agar and 20 percent sucrose.
Pollen of Ogden was germinated on this medium after
storage for 22 days at 0ºC. and about 50 percent relative
humidity.
“Analytical-Chemical work at the Laboratory
headquarters by F.I. Collins and O.A. Krober–A means of
readily separating high and low oil lines in a bulk population
from a soybean cross would open up a new field in the
breeding for improvement in oil content. The density of
soybean oil is 0.90 to 0.93 grams per cc. and the density of
soybean seed is 1.14 to 1.28. Recent work by the Laboratory
on the density and chemical composition of single seed
has indicated that seed separation on the basis of specific
gravity may offer promise. In general, seeds with the lower
densities have the higher percentage of oil. A method has
been developed for separating a sample into high and low
oil portions by specific gravity without damage to viability.
The method has shown promise on the basis of one year’s
trial and will be tested more extensively during the coming
season.
“Cooperative research on the effect of storage on the
chemical composition of soybean seed has been conducted
over a period of three seasons. The conclusion from this
study is that oil and protein content of soybean seed does
not change appreciably during the first year under ordinary
commercial storage.
“Other problems receiving attention are: (1) Effect
of moisture content of soybeans and rate of predrying
on chemical analyses of soybeans. (2) Varietal and
environmental conditions that may cause differences in the
amount of gums and mucilagenous material that is extracted
from soybean meal by Skelly F. [hydrocarbon solvent].
“The Laboratory has started research on developing
suitable methods for the determination of essential amino
acids in soybean protein. This preliminary work is on the
hydrolysis or breaking down of the protein into its amino
acids, an essential step in amino acid analysis. A study is
also being made of the digestion process in the protein
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determination with a view to increasing speed of reaction
and preventing loss by volitilization.
“In addition, cooperative work is being carried on with
the plant physiology section in greenhouse studies of plant
metabolism, and between 5000 and 5500 samples have
been analyzed in connection with the plant breeding work”
(Continued). Address: Secretary of Conference, Agronomist,
Forage Crops & Diseases, U.S.D.A., Beltsville, Maryland.
895. Feaster, Carl V. 1948. Effect of planting time on
maturity, yield and quality of soybeans in southeast Missouri.
Missouri Agric. Exp. Station Bulletin No. 514. 7 p. May.
• Summary: “Summary: Among the five varieties planted
after June 1, S-100 had a advantage over Ralsoy in that it
matured a few days earlier and yielded a little more seed.
Planted prior to June 1, Ralsoy slight advantage over S-100.
From late planting, July 10, Dunfield matured earlier than
any of the other varieties but it yielded less seed. Strain
S-100 yielded the highest from plantings after June 1, and
matured only twelve days later than Dunfield when planted
July 10.
“Soybean harvest can be hastened as a means of making
way for small grain on the soybean field by planting the early
maturing varieties early. Both the use of an early maturing
variety and early planting are essential to early maturity.
While this practice may cause considerable reduction in the
soybean yield and quality, it is still considered sound from
the standpoint of total production by the rotation.
“If planting is delayed because of wet weather or until
after the harvest of small grains, the use of late maturing
varieties is recommended, as early varieties will give lower
yield of seed without much gain in earliness of maturity.
“The date of planting which produced the highest seed
yields always resulted in seed with the highest oil content.
In general, the percentage of protein varied inversely with
percentage of oil. The number of the oils tended to increase
with lateness of planting.”
Also discusses effects on protein, oil content, and iodine
number of the oils. Address: Agent (Asst. Agronomist),
USDA, and Research Associate in Field Crops, Missouri
Agric. Exp. Station, Columbia, Missouri.
896. Beeson, Kenneth C.; Gray, L.; Hamner, K.C. 1948.
The absorption of mineral elements by forage plants: II.
The effect of fertilizer elements and liming materials on
the content of mineral nutrients in soybean leaves. J. of the
American Society of Agronomy 40(6):553-62. June. [6 ref]
• Summary: “Summary:... additions of cobalt, manganese,
copper, and phosphorus to the soil culture resulted in
increased concentration of the respective element in the plant
tissue.
“2. Calcium carbonate in large quantities did not
significantly affect the absorption by the soybean of the
cobalt naturally present in the soil. The absorption of water-

soluble cobalt applied to the soil, however, was greatly
reduced by liming. The absorption of soluble compounds
of copper and manganese applied to the soil was influenced
in the same way by liming. However, absorption of the
naturally-occurring manganese in the soil was also reduced
by liming.
“3. Both phosphorus and iron absorption were reduced
by liming, but this may have been a yield factor. In any case,
the differences were small...” Address: 1. Senior Chemist; 2.
Agent; 3, Director. All: U.S. Plant, Soil, and Nutrition Lab.,
Agricultural Research Administration, Ithaca, New York.
897. Roberts, R.H. 1948. Blossoming and pigment content.
Plant Physiology 23(3):379-87. July.
• Summary: The Biloxi soybean is mentioned 3 times;
Glycine is mentioned 5 times. Address: Dep. of Horticulture,
Univ. of Wisconsin, Madison 6, Wisconsin.
898. Porter, Kenneth B.; Weiss, Martin G. 1948. The effect
of polyploidy on soybeans. J. of the American Society of
Agronomy 40(8):710-24. Aug. [4 ref]
• Summary: Comparison in the field of tetraploid and
diploid forms of Lincoln and Richland soybeans, induced by
colchicine, showed that the tetraploids equalled or exceeded
the diploids in height during the early stages of growth, but
were significantly shorter during the late stages. Mean dry
weights of the tetraploids were slightly lower during early
stages and significantly lower during later stages of growth.
The tetraploid, when compared with the normal diploid,
had thicker stems, longer internodes, shorter and broader
leaves, larger seed and pollen, and later dates of flowering
and maturity. Lateness of maturity and greater seed size were
associated with the low number of seeds per plant. Mean
seed yield of Lincoln and Richland tetraploid plants was
19.3 and 12.8% respectively [i.e., much less than], that of the
corresponding diploid.
The seed of tetraploids was higher in protein and lower
in oil, and the iodine number of the oil was slightly lower
than that of diploids. Address: Iowa Agric. Exp. Station,
Ames.
899. Hartwig, Edgar E. 1948. Breeding soybeans for the
southern states. Soybean Digest. Sept. p. 28-29.
• Summary: “Certain qualities are desired in a soybean
variety regardless of where it is grown. These qualities are
high seed yield, good seed quality, high percentage of oil
and protein, adaptability to combine harvesting, and freedom
from disease injury. However, one quality which does differ
markedly both in requirements and behavior is maturity.
Maturity and adaptation to specific environments are
characteristics which make southern varieties different from
Cornbelt varieties.
“Nearly 30 years ago plant physiologists learned that
soybeans were very sensitive to length of day. That is, some
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types will begin to flower and develop seed with 16 hours
of daylight while other varieties will not begin to reproduce
until day length is 14 hours or less. Under the day length
conditions occurring at Memphis during the growing season
all strains adapted to the central Cornbelt area will begin
flowering in about 30 days after emergence. Consequently
they make only limited growth and mature too early to give
maximum seed yields. On the other hand a variety like
Ogden which makes good growth and matures about October
10 at Memphis will not mature before frost in central Illinois.
“During the past several years we have been evaluating
soybean varieties with regard to their specific qualities and
characteristics. We are not only interested in learning which
are the best strains available but also what characteristics
each strain possesses so that we might use these good
qualities in our improvement program.
“Soybeans are a self pollinated crop. Once a variety is
established as a uniform type, we have practically no chance
of making any improvement by selection within that variety.
To make improvement we must have variability. To get this
variability it is necessary to make crosses between types
possessing the different characteristics and selecting in later
generations. Some of the more advanced work has dealt with
getting improved seed holding, adaptation to specific areas,
and disease resistance.
“One of the varieties well adapted for seed production
in much of the South is Ogden. The Ogden variety gives
excellent seed yield, stands up well, is moderately resistant
to the bacterial leaf diseases, and has a quite satisfactory oil
content. However, Ogden will shatter under some conditions
and also sometimes produces seed of poor quality. One
of the types chosen to combine with Ogden to correct
these weaknesses was the Ralsoy variety. This variety has

excellent seed holding qualities, but gives much lower seed
yields, especially when the fertility level is such that Ogden
will yield 35 to 40 bushels per acre. Ralsoy also is quite
susceptible to bacterial pustule and wildfire.
“The problem then is to maintain as many Ogden
qualities as possible but still add seed holding. Since the
genes conditioning the various characteristics segregate
and recombine more or less at random in the F2 and later
generations it is necessary to observe rather large numbers in
order to obtain the desired combination. Disease susceptible
and shattering plants or lines can be eliminated in the second
or third generation by observation, but we have no method
of predicting by observation which strains are going to be
the best seed producers. To pick out the best yielding strains
it is necessary to grow them at several locations to evaluate
their adaptation to different environments. After testing
numerous strains from the cross Ralsoy x Ogden, one of the
most promising strains is N45-2994. While this strain has
not been tested thoroughly enough to know its adaptability, it
appears to possess many of the good qualities of each parent.
Other strains with good seed holding qualities have also been
crossed with Ogden to bring about improvement in seed
holding. We believe that some of these crosses will give nonshattering strains equal in other respects to Ogden.
“Chinese Strains: Several types introduced from the
vicinity of Nanking, China, such as Palmetto, Missoy,
Nanking, and CNS make excellent growth on the Coastal
Plain soils of the lower Southeast. However, each of these
strains has a low oil content. Crosses have been made using
these types with Ogden, Volstate, and Roanoke. Selections
from these crosses are now in advanced stages of testing.
Some of the better strains such as N45-3563, N45-3728, and
N46-2652 possess many of the growth qualities of Palmetto
and Missoy plus approaching Roanoke in seed holding and
oil content. It is anticipated that some of these strains will
provide good seed varieties in an area where the varieties
like Ogden and Roanoke have not been too well adapted.
“Another phase of the breeding program has been
directed toward transferring resistance to bacterial pustule
and wildfire [a bacterial foliage disease of soybeans, caused
by Pseudomonas varieties] to the better seed producing
types. Both of these diseases are frequently present in
soybean fields. One of the first strains to be identified as
carrying a high degree of resistance to both bacterial pustule
and wildfire was the variety CNS. CNS as a variety is not
well adapted for production in the two major production
centers of the South–the coastal plain area of North Carolina
and Virginia or the Delta area of Arkansas and Mississippi In
these areas it lodges badly, produces low seed yields, and has
a low oil content.
“The first crosses using CNS as a parent were made in
1943. Its resistance to bacterial pustule appears to be rather
simply inherited. However, from the first cycle crosses
strains which carried the desired degree of disease resistance
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have not equalled Ogden or Roanoke in seed production or
oil content in their areas of best adaptation. These strains do
equal CNS in disease resistance and surpass it in agronomic
qualities. The better strains from the crosses with CNS
carrying resistance to bacterial pustule and wildfire have
been crossed with the best agronomic types for the different
production areas of the South. It should not be long before
types carrying a high degree of resistance to these two
bacterial leaf diseases along with good seed production and
high oil content will be available.
“Several insects frequently cause severe defoliation
in the region. One of the worst offenders is the velvetbean
caterpillar. On several occasions differential feeding has
been observed when velvetbean caterpillars have moved
in on a nursery containing different strains. However,
each of these least desired strains has been observed to
be severely defoliated by the same insect when grown
alone. Consequently we do not have sufficient differences
upon which to base a program for resistance to velvetbean
caterpillar attack at the present time. The insect can be
controlled by dusting. Very few varieties have been available
to fill a maturity gap between such varieties as Patoka and
Gibson which are grown in southern Indiana and Ogden
which is about 3 weeks later. This season a considerable
acreage has been planted of the variety S-100 which fits in
very well between these other varieties in maturity. S-100
is recognized as carrying somewhat lower oil content than
other popular varieties, and a somewhat greater degree
of susceptibility to the wildfire disease. These qualities
will probably restrict the use of S-100 as a variety. Other
strains derived from crosses between productive Cornbelt
varieties and medium early Southern types are now in test.
In preliminary trials some of these strains which are similar
to S-100 in maturity have surpassed it in other qualities,
especially oil content.
“Good Soil Needed: While it is possible to breed
superior varieties of soybeans which will give higher seed
yields because of better adaptation to specific environments
and a better complement of genetic factors for yield, it
must also be recognized that the seed yield of any variety
is closely associated with the productive capacity of the
soil. A 40-bushel soybean seed crop removes in the seed the
equivalent of 300 pounds 0-10-20 [NPK] fertilizer. If the
phosphate and potash supply in the soil limits production to
20 bushels per acre, little is to be gained by planting a variety
having a higher yield potentiality. Very often improvement
in fertilization practices is the first step necessary toward
improving seed yields. Likewise other cultural practices such
as stand and weed control cannot be neglected if high yields
are expected.
“At the present time varieties like S-100, Ogden,
Roanoke, and Acadian offer maturity range for production
in almost any area of the South. Each of these strains has the
capacity to produce high seed yields in areas where adapted,

providing of course that the nutrient requirements are
fulfilled. It is recognized that these and other varieties have
limitations and breeding work is in progress to correct some
of these defects. Furthermore, it is recognized that progress
in any breeding program is dependent on knowledge of
the inheritance of the various qualities and characteristics.
We, therefore, are interested in problems directed toward
gaining further genetic information as well as practical
improvement.”
Note: On the cover of the issue in large letters is
written “The Soybean Moves South.” Address: Agronomist,
U.S. Regional Soybean Lab., Bureau of Plant Industry,
Soils and Agricultural Engineering, Agricultural Research
Administration, USDA.
900. Weber, Charles Robert. 1948. Inheritance and
interrelation of some agronomic and chemical characters
in an interspecific cross in soybeans, Glycine max x G.
ussuriensis. Iowa State College J. of Science 23(1):89-90.
Oct.
• Summary: Abstract of doctoral thesis (Ph.D.) no. 910–
Iowa State College, submitted 7 June 1948.
This summary begins: “An interspecific cross in
soybeans was made to obtain additional information
relative to the segregation, mode of inheritance, manner
of gene action, components of genetic and environmental
variances, heritability, and the interrelations existing among
five commercially important characters; namely, seed size,
maturity date, protein percentage, oil percentage, and iodine
number of the oil.
“The wild soybean used, Glycine ussuriensis, had a
procumbent habit of growth with long twining stems, small
trifoliate leaves, slightly ellipsoidal, small, hard, sooty,
black seed, early maturity, high protein percentage, low oil
percentage, and high iodine number of oil. The cultivated
soybean used, G. max, possessed characters in contrast to
those of the wild species. The extent of differences between
the two species in respect to the characters studied were as
follows: G. max was ten times larger in seed size, matured 11
days later, was 9.5 per cent lower in protein percentage, 13
per cent higher in oil percentage, and was twenty-five points
lower in iodine number of oil than G. ussuriensis.
Note: This is the earliest English-language document
seen (Sept. 2019) that contains the word “interspecific” or
the term “interspecific cross” (or “crosses”) in connection
with soybeans. Address: Dep. of Agronomy, Iowa State
College.
901. Fairchild, David. 1948. Early experiences with the
soybean. Soybean Digest. Nov. p. 14-15. [2 ref]
• Summary: “It was not until 1897 that I first saw soybeans
growing... I found my friend Merton B. Waite had been
trying to grow soybeans on his farm outside Washington
[DC, in Maryland; see Fairchild, Oct. 1948], but with little
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success. They had been sent in by some American consul
or missionary, I believe. At about the same time Dr. George
T. Moore [who by 1903 was Physiologist in Charge of the
Lab. of Plant Physiology, Bureau of Plant Industry, USDA,
working on soybean root bacteria] in working on the root
nodules of leguminous plants had discovered that the nodules
contained bacteria. Waite and I talked over the matter of the
failure of his soybeans and wondered if they might require
special bacteria, so I wrote out to Japan and imported several
pounds of soil from a soybean field.
“We made a little experiment, planting alternate rows of
soybeans with and without the addition of this Tokyo soil.
The effect of the imported soil was immediately apparent as
the plants grown in it made a far better growth and had their
roots covered with bacterial nodules, whereas the control
were practically without any.
“Photographs had yet to come into any general use as
records of agricultural experiments, but Waite had taken up
photography as a hobby and made excellent photographs
with his stand camera. So at harvest time he pulled up an
equal number of soybean plants from the soil-treated rows
and from the controls, and the only photographic record
in existence of this little experiment (the first of its kind, I
suppose, in the world) is this negative taken by Waite in the
autumn of 1897.
“Although these experiments did not at the time lead
to more extensive trials, they indicate the awakening of our
interest in soybeans.
“In that fall of 1897 it was my privilege to organize the
office of plant introduction in the Department of Agriculture.
We began introducing a great number of different kinds of
plants, among them, as I see from our inventories printed
at the time, occasional small collections of soybeans from
China and Japan. They were obtained mostly through
correspondence with missionaries and consuls stationed
there.
“At that time the Department had no testing ground near
Washington where we could grow miscellaneous vegetables,
including these soybean collections. It was not until several
years had passed that facilities were provided on the socalled ‘Potomac Flats’ [in Washington, DC] and James H.
Beattie, an enthusiastic young horticulturist, took over the
planting of our introduced seeds.
“The soybeans did well and Beattie soon had on his
hands a quantity of seeds. But we didn’t know just what to
do with these strange beans. When cooked in the way other
beans were prepared they had a strange flavor that nobody
seemed to like...
“It was not, I think, until the office of forage crop
investigations was organized and C.V. Piper took charge
that the soybean as a forage crop attracted attention and
Beattie’s experiments came to be looked upon as important.
We planted larger patches of soybeans on a tract of land near
Bethesda, MD...

“And then we ran into the difficulty of harvesting
the soybeans. P.H. Dorsett of the office, one of the most
ingenious and most indefatigable workers I have ever
known, and his friend Rankin, who was running the little
experimental farm, put their heads together and adapted
a bean picker then in use–in California I think–and
discovered that it was perfectly possible to harvest soybeans
mechanically...
“I went out exploring again and my travels with Mr.
Lathrop this time took me into the soybean fields of Japan.
The tremendous importance of the crop as I saw it there
made a great impression on me. Also the almost universal
use of soy sauce, which Americans were just beginning to
appreciate, fixed my interest...
“Dr. Yamei Kin, an extraordinary Chinese woman whose
acquaintance I had made on the boat returning from Japan
[in Aug. 1902], made a visit to Washington and captivated
us all by her enthusiasm over soybeans. She introduced us to
‘tofu,’ a delicate cheese which has not even yet attracted the
attention it deserves from the American public.
“In 1903 A.J. Pieters came to me one day and told me
of an amazing young Hollander who had been a gardener
of the great geneticist, Hugo de Vries. He was then on his
way back from a trip on foot to Mexico, and I wired him to
come to Washington. For 13 years, as agricultural explorer of
our office, Frank N. Meyer tramped from village to village
over much of China. He gathered soybeans whenever he
saw them, for he felt it was important to secure all the local
varieties he could for our plant breeders before they should
have disappeared as the result of the spread of standard
varieties he thought was bound to come.
“The importance of getting as many as possible of these
local varieties and these, or selections from them, form, I
believe, the basis of the very extensive soybean breeding that
has been done by the various plant breeders of America.”
Note: According to Vivian Wiser of the USDA and to
the Washington D.C. Historical Society (13 Feb. 1991; phone
301-785-2068, Mrs. Offut), in 1897 Merton Waite lived in
downtown Washington, D.C. in a built-up area. There is no
record of his owning a farm outside Washington D.C., but
he may have owned the farm as a sort of summer home or
he may possibly have worked with the group at the USDA
farm at Somerset, Montgomery County, Maryland. He was
a plant pathologist and physiologist, in charge of diseases of
orchard fruit trees, especially pears and peaches. There is a
collection of David Fairchild’s materials at Coconut Grove.
His personal residence, The Kampong near Coconut Grove,
is still (as of 1998) well preserved and open to the public.
Address: “The Kampong,” Coconut Grove, Florida.
902. Derscheid, Lyle A.; Kratochvil, D.E. 1948. The effect of
2,4-D and TCA on the yields of nine soybean varieties and
on the weeds in the soybeans (Abstract). North Central Weed
Control Conference Research Report (Springfield, Illinois)
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5(Project V). Abst. 32.
• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Duplicate 16-foot 2-row plots with 345- ft. spacing of
Capital, Hawkeye, Lincoln, Manchukota, Richland, Ottawa
Mandarin, Flambeau, Earlyana, and Bavender Special, a
farmer selection, were treated with rates of ¼ and ½ pound
of 2,4-D acid per acre in triethanol amine form and with
rates of 6 and 16 pounds TCA acid per acre in ammonium
salt form when beans had 6 leaves and were 6 to 8 inches
tall. Lamb’s quarters (Chenopodium album), rough pigweed
(Amaranthus retroflexus), Kochia (Kochia scoparia),
common ragweed (Ambrosia artemisiaefolia), foxtails
(Setaria viridis and glauca) and barnyard grass (Echinochloa
Crus-galli) were 4 to 6 inches tall. All plots were cultivated
three times and the rows were hand-weeded when beans
were 12-16 inches tall at which time weed counts were made
and amount of control determined. TCA did not control the
grasses, but both rates of 2,4-D controlled 50-75% of the
broad-leaved weeds. 2,4-D stunted the soybeans so badly
that grassy weeds outgrew the soybeans. An analysis of
variance indicates that yields were changed due to treatment
and an L.S.D. indicates that all treated plots produced yields
that were significantly lower than those of untreated plots.
The interaction ‘treatments x varieties’ produced an ‘F’ value
that was significant as 5% level indicating that all varieties
did not respond the same and an L.S.D. indicates that the
yields of Lincoln, Manchukota, and Bavender Special were
not decreased by the application of 1 pound of 2,4-D acid per
acre; whereas, all other treatments decreased the yield. The
maturity of soybeans treated with 2,4-D was delayed two
weeks while the TCA caused more delay. If frost had been
received as early as usual none of the treated plots would
have matured. This study indicates that it is hazardous to use
2,4-D or TCA as post-emergence treatments on soybeans
when the beans are 6 to 8 inches tall.” Address: Agronomy
Dep., South Dakota Agric. Exp. Station.
903. Kernkamp, M.F. 1948. Chemical treatment of
soybean seed in relation to nodulation by nodule bacteria.
Phytopathology 38(12):955-59. Dec. [5 ref]
• Summary: “Along with the phenomenal rise of the
soybean industry in Minnesota in recent years, problems
concerning cultural practices are beginning to appear. One
of the most pertinent questions at the present time is whether
chemical seed treatment will kill nodule bacteria (Rhizobium
leguminosarum) and thus nullify the beneficial effects of
using a commercial nitrogen inoculant.” Address: University
Farm, St. Paul, Minnesota.
904. Owen, C.W. 1948. Effect of 2,4-dichlorophenoxyacetic
acid on soybeans (Abstract). North Central Weed Control
Conference Research Report (Springfield, Illinois) 5(Project
V). Abst. 29.

• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Applications of 2,4-D acid at two rates 1/8 and ½
pound per acre of sodium salt, amine and propyl ester
were made at two dates, emergence and one week later, on
two soybean varieties A.K. (Harrow) and Hermann. The
plots were three rows wide, 42 inches apart and 35 feet
long. Two rows of each plot were sprayed. All plots were
randomized and in triplicate. Planting was done on June
2, the first application of spray being made on June 14 and
the second on June 23. Observations and ratings on weed
growth and effect on soybeans were made on July 17. No
noticeable difference in effects on varieties was observed.
In all cases the applications made at time of emergence gave
less control of broad-leaf weeds than the later applications
also a less depressing effect on the soybeans. The least weed
control and the least effect on soybeans was noted in the
earlier application of amine at 1/8 pound rate. Sodium salt
was intermediate to ester, which gave best weed control but
also most severely effected the soybeans. No date or rate
of application influenced grasses. Consequently the entire
test, without cultivation, became a mass of grass and weeds
by fall which made the obtaining of any yields a hopeless
proposition. Under the conditions of the test the use of 2,4D apparently has little or no place in soybean culture in
replacing timely cultivation practices.” Address: Dominion
Experimental Station, Harrow, Ontario; Experimental Farm
Service; Dominion Dep. of Agriculture.
905. Shaw, Warren C.; Saboe, L.C.; Willard, C.J. 1948.
Effect of pre-emergence 2,4-D on different varieties of
soybeans (Abstract). North Central Weed Control Conference
Research Report (Springfield, Illinois) 5(Project IV). Abst.
42.
• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Five varieties of soybeans, Lincoln, Hawkeye,
Richland, Earlyana, and H-5, were planted at each of two
depths, shallow and deep, on each of three dates, May 24,
June 4, and June 14, in a randomized split plot experiment
with three replications. They were treated on the date of
planting with 0, 0.75, 1.5 and 3 pounds per acre (acid
equivalent) of the butyl ester of 2,4-D. In a fourth set of three
replications, sown June 28, the first replication was treated
June 28, the second June 30 and the third July 3, when many
cotyledons were visible. Careful independent evaluations by
two observers gave the following conclusions: 1. The stand
of beans was usually severely decreased. The stand was not
reduced in the June 14 planting, when no rain fell between
planting and emergence. In the June 28 planting, those
treated June 28 were entirely killed, those treated July 3 had
perfect stands at all rates of treatment.
“2. The weed control varied from excellent to poor.
When it was good or excellent, the beans were seriously
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injured. 3. Hawkeye was very conspicuously less injured
than the other varieties. 4. The deep plantings were much
less affected than the shallow plantings.” Address: Ohio
Agric. Exp. Station.
906. Shaw, Warren C.; Willard, C.J. 1948. The effect of 2,4D on soybeans at Columbus, Ohio (Abstract). North Central
Weed Control Conference Research Report (Springfield,
Illinois) 5(Project V). Abst. 31.
• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Lincoln soybeans were drilled solid May 26, 1948.
The experiment was a randomized block design of three
replications. Plot size 10’ x 20’. The butyl ester and
triethanol amine salt of 2,4-D were applied as a postemergence spray at 1/48, 1/24, 1/12, 1/4 and 1/2 pound acid
equivalent per acre at the cotyledon stage (June 1), first
two true leaves (June 10), first trifoliate leaf (June 19), and
first flower stage (July 26). Any rate of 2,4-D which gave
satisfactory weed control also produced serious injury to
the soybeans at all stages of treatment. No desirable growth
stimulation resulted from either formulation of 2,4-D at
any rate, or any stage of treatment. No desirable growth
stimulation resulted from either formulation of 2,4-D at any
rate, or any stage of treatment. The butyl ester was a great
deal more active than the amino salt at 1/48, 1/24 and 1/12
pound acid equivalent rates. At the 1/4 and 1/2 pound level
the difference in response of soybeans to the two chemicals
was not too great. Soybeans appeared to be most resistant to
2,4-D at the cotyledon stage and the flowering stage. 1/4 and
1/12 pound applied at the first trifoliate leaf stage delayed
maturity for about 5 to 7 days.” Address: Ohio Agric. Exp.
Station, Columbus, Ohio.
907. Slife, F.W.; Fuelleman, R.F. 1948. Pre-emergence
spraying of soybeans with 2,4-D (Abstract). North Central
Weed Control Conference Research Report (Springfield,
Illinois) 5(Project IV). Abst. 43.
• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Pre-emergence treatment at the rates of 0.75, 1.5 and 3
pounds acid per acre in the form of ester and sodium salt
were used on Richland soybeans. Applications at these rates
were made immediately after planting and at three days after
planting. Soybeans in all plots begin to emerge in five days.
At the 3 pound rates there was some curvature and twisting
of plants and the beans were depressed in height as compared
checks. At the light rates, there was very little apparent
effect. Plant counts indicated that there was no reduction
in stand due to treatment. At the heavy rates, weed control
was good while at the lighter rates, weed control was poor.”
Address: Illinois Agric. Exp. Station.
908. Slife, F.W.; Fuelleman, R.F. 1948. Spraying soybeans

with 2,4-D (Abstract). North Central Weed Control
Conference Research Report (Springfield, Illinois) 5(Project
V). Abst. 30.
• Summary: This is the Fifth Annual North Central Weed
Control Conference, held Dec. 8-10 in Springfield, Illinois.
“Post-emergent treatment at the rate of ¼ pound acid in
the salt and amine forms were applied to Richland soybeans,
four inches in height. Severe twisting, lodging and curling
followed. After two weeks, growth was resumed, and treated
plots matured about 1 week later than untreated plots. Yields
on these plots were approximately 75 percent of untreated
soybeans. Other plots were treated with ¼, ½ and one pound
of amine when the soybeans were 24 inches high; severe
twisting of plants occurred on all plots. Plots treated with
one-fourth pound applications yielded about 50 percent of
check plots; ½ pound rates gave no measurable yields and
one pound rates killed all beans.” Address: Illinois Agric.
Exp. Station.
909. Aruga, T. 1948. ERROR! TE should be Ariga. See
#11751. Nogyo Oyobi Engei (Agriculture and Horticulture)
23(11):116. *
• Summary: SC has this. Bad cite. Address: Japan.
910. Harley, J.L. 1948. Mycorrhiza and soil ecology.
Biological Reviews 23:127-58. *
911. Brown, D.A.; Albrecht, Wm. A. 1948. Plant nutrition
and the hydrogen ion: VI. Calcium carbonate, a disturbing
fertility factor in soils. Proceedings–Soil Science Society of
America 12(C):342-47. [13 ref]
• Summary: Soybeans were used as indicator plants and
were grown on different soil mixtures of Gila Adobe clay.
“The concept has been presented here that excessive
calcium carbonate within a soil–a concept also applicable
to the excessive hydrogen in acid soils–exists as a dynamic
factor disturbing the adsorption, retention, and exchange of
nutrient and other ions to the plant roots. It represents one
of the most serious obstacles to the normal breakdown of
reserve minerals and fertility delivery within the soil.
“There is a need for a closer study of the relationships
among (a) ionic monopoly of the exchange complex by any
one ion, whether nutrient or not; (b) the retention of nutrients
by the exchange complex; (c) the accumulation of insoluble
calcium carbonate minerals; and (d) the economical use
made by plants of the heavy application of fertilizers to
such calcareous soils as the Gila clay type in the arid West.”
Address: 1. Graduate Assistant; 2. Prof. of Soils. Both: Dep.
of Soils, Missouri Agric. Exp. Station, Columbia, Missouri.
912. Clark, Francis E. 1948. Rhizosphere microflora as
affected by soil moisture changes. Proceedings–Soil Science
Society of America 12(C):239-42. [10 ref]
• Summary: “Summary: Soybeans were grown in the
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greenhouse in Webster loam for from 10 to 77 days.
Differences in moisture content of substrate were either
maintained gravimetrically during growth of plants or
established by watering just prior to collection of roots.
Rhizosphere samples collected were analyzed culturally for
total microbial content and for percentage composition of
oven-dry root material.
“Sharply higher microbial populations were observed
for rhizosphere samples taken from drier soils...” Address:
Bacteriologist, Bureau of Plant Industry, Soils, and
Agricultural Engineering, and Collaborator, Iowa Agric. Exp.
Station [Ames, Iowa].
913. Engelbeen, M. 1948. Le soja au Congo Belge [Soya
in the Belgian Congo]. Brussels, Belgium: Ministere des
Colonies. 94 p. 25 cm. [200 ref. Fre]
• Summary: Contents: Preface. 1. The soybean: Habitat
and acclimatization: Genus and species, sub-species and
varieties, habitat and acclimatization. 2. The principal
factors in soybean production: Climate, nature of the soils,
symbiotic bacteria, selection and hybridization, cultural
methods, enemies and diseases. 3. Seed storage and
multiplication. 4. Nutritional value of soya: Generalities,
soymilk, tofu, okara (tourteau de soja; the pulp remaining
after filtering off soymilk), soy oil, soy flour. 5. Industry and
commerce. 6. Perspectives on soya in the Belgian Congo.
Summary. Bibliography consulted.
The section titled “Introduction and Acclimatization
to the Belgian Congo (p. 30) states: “Known in Africa for
30 years, the cultivation of soya has not yet passed the
experimental stage. Numerous introductory trials were
conducted with multiple varieties which originated in East
Asia and the United States.
“Soya was mentioned for the first time in the Belgian
Congo by Commandant Lemaire [Charles François
Alexandre Lemairé], who first encountered them at
Stanleyville [later renamed Kisangani] in 1908. It was
introduced, shortly afterwards, to the Eala botanical garden
(near Coquilhatville). The first agronomic trials took place
in 1915; the agronomist Mestdagh, at Lusambo (Sankuru
[Kasai]) harvested 1,472 kg of yellow soybeans and 1,786 kg
of black soybeans.”
Note 1. I.N.E.A.C. stands for Institut National pour
l’Étude Agronomique du Congo Belge.
Note 2. This document contains the second earliest
date seen for soybeans in Zaire (1908). The source of these
soybeans is unknown. These soybeans were probably
being cultivated in 1908, but we cannot be sure. Address:
Ingenieur agronome colonial Lv., Chef du Bureau d’Etudes
de l’I.N.E.A.C.
914. Graham, E.R.; Turley, H.C. 1948. Soil development
and plant nutrition. III. The transfer of potassium from the
nonavailable to the available form as reflected by the growth

and composition of soybeans. Proceedings–Soil Science
Society of America 12(C):332-35. [7 ref]
• Summary: This article begins: “The value to crop plants
of a high level of exchangeable potassium in the soil
has become evident in certain soil regions. It has also
been recognized recently that systems of soil and crop
management bringing about high productivity decrease
the level of exchangeable potassium to a dangerously low
point on some soils, while on others the same systems of
management have little, if any, effect on this property. The
apparent lack of transfer of the potassium from the stable
mineral reserves to the available or exchangeable form on
the clay colloid in the one instance and the marked transfer
of it in the other presents an important agronomic problem.”
Address: 1. Assoc. Prof. of Soils; 2. Graduate Student. Both:
Dep. of Soils, Missouri Agric. Exp. Station, Columbia,
Missouri.
915. McMichael, Charles W. 1948. Minor elements for
clovers, lespedeza and soybeans on Oberlin silt loam and
Bowie fine sandy loam (Abstract). Proceedings of the Annual
Convention of the Association of Southern Agricultural
Workers 45:87-88.
• Summary: On the title page: “Proceedings, Association of
Southern Agricultural Workers. 45th Annual Convention held
in Washington, D.C., Feb. 12, 13, 14, 1948.” This abstract is
in the “Agronomy Section.”
“Studies have been made to determine the effects of
treatment of zinc, copper, boron and manganese used singly
and in combinations with fertilizer and calcic or dolomitic
lime on the yields of red clover, lespedeza and soybeans.
Oberlin silt and Bowie fine sandy loam soils were used for
these experiments.
“Lespedeza on Bowie fine sandy loam showed a
highly significant increase in yield from the use of zinc and
boron added with a 3-12-12 fertilizer and dolomitic lime.
Soybeans on Bowie fine sandy loam gave a highly significant
increase in yield from the use of zinc, copper and boron in
combination with a complete fertilizer and dolomitic lime.
Both lespedeza and soybeans showed severe burning of the
foliage when treated with 20 pounds of borax per acre, but
in spite of this showed significant increases in yield when
borax was added with a 3-12-12 fertilizer and dolomitic
lime. The results show that the use of copper and boron
together were not more effective than borax alone. Soybeans
would probably have shown higher increases in yield from
the use of minor elements if boron had been used in smaller
amounts...” Address: Louisiana Agric. Exp. Station, Baton
Rouge, Louisiana.
916. Steckel, Joe E.; Bertramson, B.R.; Ohlrogge, A.J.
1948. Manganese nutrition of plants as related to applied
superphosphate. Proceedings–Soil Science Society of
America 13(C):108-11. [13 ref]
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• Summary: “In a greenhouse study the Mn concentration in
oat and soybean plants was increased by soil applications of
MnSO4. Mixing MnSO4 and superphosphate together and
applying them in a ‘band’ was the most effective placement
of manganese as measured by Mn concentration in the
crops. This indicates a practical and more efficient method
of manganese fertilization by applying the MnSO4 with
superphosphate or mixed fertilizers high in superphosphate.
“ Address: Dep. of Agronomy, Purdue Univ. Agric. Exp.
Station, Lafayette, Indiana.
917. Hammond, L.C.; Kirkham, D. 1949. Growth curves of
soybeans and corn. Agronomy Journal 41(1):23-29. Jan. [17
ref]
• Summary: There “is as yet no general agreement on a
satisfactory method for a quantitative analysis of plant
growth curves.”
This “report contains a quantitative analysis of four
soybean and eight growth curves... It was found that the
growth curves (dry weight vs. time) of soybeans and corn
were characterized by a series of exponential segments
which were related to the growth stages of the plants.”
“Summary: The course of dry matter accumulation in
the soybean was studied in the greenhouse, with and without
nitrogen added, and in the field on Webster and Clarion
soils.”
Fig. 7 (dry weight is plotted against time–days from
planting) shows: “Accumulation of dry matter by soybeans
in the field on Webster soil, with fitted exponential curves
calculated from logarithmic regression equations.” Address:
1. Research Fellow; 2. Research Assoc. Prof. Both: Iowa
Agric. Exp. Station, Soils Substation.
918. Kalton, R.R.; Weber, C.R.; Eldredge, J.C. 1949. The
effect of injury simulating hail damage to soybeans. Iowa
Agricultural Experiment Station, Research Bulletin No. 359.
p. 733-96. Jan. [17 ref]
• Summary: This publication appears to be based on an
earlier Iowa State Experiment Station, Mimeograph titled
“Progress Report, Soybean hail damage experiments, 1945.”
Losses to Iowa crops from hail damage averaged over
$3 million per year from 1923 to 1942. The area planted to
soybeans increased from 170,000 acres in 1936 to 1.5 million
acres in 1946. In order to help in assessing hail damage to
this crop, experiments were designed in which simulated hail
damage (defoliation, stem bruising, decapitation, etc.) was
inflicted on replicated plots of soybeans at different stages of
development. The type and extent of damage, and the mode
of recovery is discussed. Generally, damage inflicted after
seeds begin to develop in the lower pods caused in yield
of 27, 50, or 77% for light, medium, or heavy hail damage
respectively. Address: Ames, Iowa.
919. Feaster, Carl V. 1949. Influence of planting date on yield

and other characteristics of soybeans grown in southeast
Missouri. Agronomy Journal 41(2):57-62. Feb. [4 ref]
• Summary: In southeast Missouri the growing season is
long, and consequently, soybeans are frequently planted
from mid-April to mid-July. The varieties grown range in
maturity from those commonly grown in the central Corn
Belt to those commonly grown in the northern Cotton Belt,
the greater portion of the acreage being planted to full-season
varieties such as Ralsoy, Arksoy, and Ogden. Under these
conditions, it seems necessary to determine the favorable
planting time and the effect that planting date has upon
maturity, seed yields, and seed quality of different varieties.
“A study to gain information on the effect of date
of planting was conducted cooperatively by the U.S.
Regional Soybean Laboratory and the Missouri Agricultural
Experiment Station on the Southeast Missouri Experiment
Field at Sikeston in the four-year period 1942 through 1945.”
Five varieties were tested: Ralsoy (137), S-100 (124),
Boone (117), Chief (109), and Dunfield (100). In parentheses
after each is the rated maturity in days if planted on June 1
at Sikeston, Missouri. These soybean varieties were selected
to represent maturity groups commonly grown from the
central Corn Belt to the northern Cotton Belt. Address: U.S.
Regional Soybean Lab., Div. of Forage Crops and Diseases,
Bureau of Plant Industry, Soils, and Agric. Engineering,
Agricultural Research Administration, USDA; Missouri
Agric. Exp. Station, Columbia.
920. Hartwig, Edgar E.; Bounds, Elaine. comps. 1949.
Results of the Cooperative Uniform Soybean Tests, 1948:
Part II. Southern States. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 149. Feb.
116 p. https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/48soybook.pdf
• Summary: Except for the cover, this document is
typewritten.
Contents: Introduction. Cooperation (gives cooperating
person’s name, city, and state). Location of nurseries [on
outline map of south-eastern USA]. Weather data. Methods.
Uniform test, Group IV. Preliminary uniform Group IV.
Uniform test, Group V. Preliminary uniform Group V.
Uniform test, Group VI. Preliminary uniform Group VI.
Uniform test, Group VII. Preliminary uniform Group VII.
Uniform test, Group VIII. Disease investigations.
Page 1: “Introduction: The program of the U.S. Regional
Soybean Laboratory includes developing and evaluating
soybean varieties for industrial utilization. As a means of
evaluating present varieties and new strains developed
through breeding, replicated plantings are made under a wide
variety of environmental conditions. Because soybean strains
are very sensitive to photoperiod, it has been necessary
to classify types into maturity groups. For convenience
these maturity groups are designated Group 0, I, II, to VII,
VIII, extending from north to south. This report includes
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a summary of agronomic and chemical characteristics of
varieties and new strains for the Southern States. Maturity
groups included are IV, V, VI, VII, and VIII.
“The cooperative program between the Soybean
Laboratory and the states in the southern region was initiated
in 1943. At that time there was only limited information
available showing the regions of adaptation of the existing
varieties of soybeans. During the first few years most of the
strains included in the uniform nurseries were established
varieties. As agronomic and chemical data were accumulated
on these strains, the poorer producers were eliminated from
the tests. At the present time, the material grown in the
regional nurseries comprises top-producing varieties and new
selections from the breeding programs. This testing program
gives agronomic and chemical data from a wide variety of
conditions. Because of these tests, the breeder can get new
strains into production in a minimum amount of time.
“A wide range of soil and climatic conditions exist in
the region. It is too much to expect that any one variety
should give top performance in all areas where a particular
maturity group is to be grown. As an aid in recognizing
regional adaptation, the region has been subdivided into five
rather broad areas, which still represent a wide range of soil
types. These are: (1) the East Coast, consisting of the Coastal
Plain of Virginia, North Carolina, and the upper half of
South Carolina; (2) the Southeast, consisting of the Coastal
Plain soils of the lower half of South Carolina, Georgia,
Florida, Alabama, and Mississippi; (3) the Upper and Central
South, including the Piedmont soils between the Coastal
Plain and Mississippi Delta; (4) the Delta area, composed
of the alluvial soils from the Mississippi River in Missouri,
Arkansas, Tennessee, Mississippi, and Louisiana; and (5) the
West, or Southwest, comprising the western half of Arkansas
and Louisiana, Oklahoma and Texas. A map is included to
illustrate those areas.
“As further aid in interpreting yield responses, rainfall
data is reported for many of the locations where nurseries
were grown. Since much of the summer rainfall is from local
showers, rainfall is reported only for those locations where
records were taken close to the nurseries. Daily minimum
and maximum temperatures are reported from representative
locations for the production areas.
“Rates of fertilization [sic, are] is reported for those
locations where the plots wore fertilized. Soil type is
reported for all locations.”
Pages 3-4: Location of cooperative nurseries [and
cooperators].
Unnumbered page: Map of southern states showing
location of most of the cooperative uniform tests, 1948.
Page 5: Methods: Tells how the following are measured:
Yields. Chemical composition. Lodging. Shattering. Height
(of plants). Maturity. Seed quality (rated from 1 to 5).
Statistical analysis (by analysis of variance).

921. Melsted, S.W.; Kurtz, T.; Bray, R. 1949. Hydrogen
peroxide as an oxygen fertilizer. Agronomy Journal 41(2):97.
Feb.
• Summary: Preliminary experiment with corn and soybeans.
Oxygen fertilization can be secured with aeration of the soil.
“These experiments support the contention of several
workers that oxygen deficiencies actually may occur under
heavy plant populations even on soils of excellent tilth.
It suggests that a study of suitable oxygen carriers, which
could be applied as fertilizers, and which would release
oxygen slowly to the soil during the growing season, may
be worthwhile.” Address: Dep. of Agronomy, Illinois Agric.
Exp. Station, Urbana, Illinois.
922. Parker, M.W.; Hendricks, S.B.; Borthwick, H.A.; Went,
F.W. 1949. Spectral sensitivities for leaf and stem growth of
etiolated pea seedlings and their similarity to action spectra
for photoperiodism. American J. of Botany 36(2):194-204.
Feb. [10 ref]
• Summary: “Light takes part in a number of distinct
physiological reactions in plants. Among these are
chlorophyll formation, photosynthesis, photoperiodism,
phototropism, and cell elongation. Pigments are necessarily
involved in the initial absorption of light in each process.”
Note: Soybeans are mentioned 4 times in this article.
Address: Plant Industry Station, Beltsville, Maryland;
California Inst. of Technology, Pasadena, California.
923. Takasugi, S.; Oyama, T. 1949. [The effect of treatments
of the high temperature vernalization by the electric hot
seed-bed, and of the short day on the growth promotion of
soybean]. Nippon Sakumotsu Gakkai Kiji (Proceedings of the
Crop Science Society of Japan) 17(4):1-2. Feb. [Jap]
924. Alderks, O.H. 1949. The study of 20 varieties of
soybeans with respect to quantity and quality of oil, isolated
protein, and nutritional value of the meal. J. of the American
Oil Chemists’ Society 26(3):126-32. March. [2 ref]
• Summary: Contents: Summary. The yield and quality
of soybean oils from 20 varieties of soybeans: Pilot plant
processing for oil, fatty acid composition of oils, edibility
tests of oil from the twenty strains of soybeans. Yield and
quality of alkali extracted protein: Pilot plant processing
to obtain protein. Yield of protein. Solubility and color of
purified proteins. Amino acid composition and availability of
amino acids to in-vitro digestion of solvent extracted flakes
from 20 varieties of soybeans: Amino acid composition,
enzyme in-vitro digestion tests, descriptions of 20 varieties
by J.L. Cartter.
Note: This work was done in the pilot plant and
laboratory of The Buckeye Cotton Oil Company (subsidiary
of The Procter and Gamble Company). Address: Soybean
Research Council, Technical Div., The Buckeye Cotton Oil
Co., M.A.&R. Building, Ivorydale 17, Ohio. Subsidiary of
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Procter & Gamble Co.
925. Galston, Arthur W. 1949. Transmission of the floral
stimulus in soybean. Botanical Gazette 110(3):495-501.
March. [31 ref]
• Summary: “Summary: 1. If Biloxi, Peking, Agate, and
Batorawka soybeans are grown under a 17-hour photoperiod,
the former two will remain vegetative, whereas the latter two
will initiate floral primordia.
“2. If single Agate or Batorawka leaves are grafted onto
Peking or Biloxi receptors previously maintained vegetative
by a 17-hour photoperiod, the receptors will be induced to
flower.
“3. The floral stimulus [florigen] is incapable of passing
from donor leaf to receptor petiole if the donor petiole is
scalded.
“4. The floral stimulus is incapable of traversing a
1-mm. water gap between donor leaf and receptor petiole.”
Note: “This work is part of a doctoral dissertation
submitted at the Univ. of Illinois in 1943 in partial fulfillment
of the requirements for the Ph.D. degree.” Address:
Kerckhoff Laboratories of Biology, California Inst. of
Technology, Pasadena, California.
926. Morris, H.D.; Pierre, W.H. 1949. Minimum
concentrations of manganese necessary for injury to various
legumes in culture solutions. Agronomy Journal 41(3):10711. March. [15 ref]
• Summary: Compares the relative tolerance of lespedeza,
soybeans, cowpeas, peanuts, and sweetclover to manganese.
Summary: “Concentrations of manganese varying from
1 to 10 ppm were found to be injurious to the five legumes
studied.
“2. All five legumes made good to excellent growth in
culture solutions of pH 4.6, indicating that direct acidity as
such is not a major injurious factor in the growth of legumes
on acid soils.” Address: Iowa State College, Ames, Iowa.
927. Jones, Linus H.; Shepardson, W.B.; Peters, C.A. 1949.
The function of manganese in the assimilation of nitrates.
Plant Physiology 24(2):300-06. April. [15 ref]
• Summary: Studies with soybean plants.
“Soybean plants were grown in Shive’s R5S2 solution
and in a calcium nitrate solution with an oil layer on top to
exclude the oxygen of the air.
“Nitrites in large quantities, 0.5–1 + p.p.m. or oxygen
values measured by the micro-Winkler test, 20-100 p.p.m.,
accumulated in such solutions. The plants in these solutions
showed yellow leaves indicating nitrogen deficiency and
brown roots indicating oxygen shortage.
“The introduction of manganese salt into these solutions
prevented the accumulation of nitrites and allowed the plants
to grow in a healthy manner for the time of the experiment;
the tops were green and the roots silvery white.

“This work supports that of those who hold that
manganese is a catalyst without which the orderly reduction
of nitrate to amino compounds either does not take place
or is greatly reduced in speed.” Address: Depts. of Botany
and Chemistry, Agric. Exp. Station, Univ. of Massachusetts,
Amherst.
928. Schad, C. 1949. Adaptation régionale des variétés de
soja en fonction des facteurs température et durée du jour
[Regional adaptation of soybean varieties as a function of
the factors of temperature and day length]. Annales de la
Nutrition et l’Alimentation 3(3-4):335-56. April. [13 ref. Fre]
Address: Directeur de Recgerches.
929. Calland, J.W. 1949. Six wild statements... about what
soybeans do to your land. Soybean Digest. May. p. 15-18.
• Summary: Cover story–”Soil builder or soil robber?
(See p. 15).” From a talk before the Van Wert, Ohio,
Soybean Roundup. The title is in black letters on an orange
background.
“Crop authorities agree that the following reasons have
influenced the great expansion of soybean acreage.
“Has a long period of time for planting.
“Adapted to a wide variety of Cornbelt soils.
“Easy crop to produce.
“Handled with equipment used for corn and grain.
“Lends itself to high degree of mechanization.
“Better cash returns than wheat or oats.
“Crop of Many Uses:
“Rapid growing hay and feed crop. Fits well in corn
borer control rotation.
“Fits well as a late planted crop. Provides excellent seed
beds for small grains.
“Better distribution of farm labor on many farms.
“Beneficial loosening effect on tight, heavy textured
soils.
“Crop Can Take It:
“More tolerant to low temperatures than corn.
“Relative freedom from insects and disease.
“Grows on both acid and sweet soils but responds well
to lime.
“Adapted by late planting to poorly drained fields.
“However, the soybean crop is not suited to all types of
land, nor have all farmers found it to their liking. Now, when
we don’t like a thing in this country we generally make ‘wild
statements’ about it. Sometimes we make ‘wild statements’
just because we don’t understand things.
“Let’s take a look at some of the ‘wild statements’ that
have been made about soybeans. Here are six of them that
maybe all of you have heard. There are a few more, but these
six will be enough to examine now.
“Six ‘Wild Statements’
“1. Soybeans are hard on the soil.
“2. Soybeans cause most of our erosion.

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 384
“3. It’s hard to get clover after soybeans.
“4. You can’t control weeds in soybeans.
“5. Soybeans won’t respond to fertilizer.
“6. Soybeans won’t fit into the rotation.
“Wild Statement No. 1: Soybeans are hard on the soil.
This is a good one to start with. It is the Granddaddy of
them all. First, how do crops affect the soil? Certainly the
following factors should be considered in evaluating a crop’s
effect on the soil.
“1. Is the nitrogen supply increased or decreased?
“2. To what extent are mineral elements removed from
the soil?
“3. How is the supply of organic matter affected?
“4. What is the effect on soil tilth?
“5. What is its influence on biological activity?
“6. What is the carry-over effect on other crops?
“For the next few minutes we shall consider these six
questions in trying to see just what is the effect of soybeans
on the soil.
“First: How do soybeans affect the supply of nitrogen
and mineral elements in the soil?
“The University of Illinois in Bulletin 456, entitled,
Soybeans -Their effect on Soil Productivity, gives the figures
at the bottom of the page on the plant food elements added or
removed from the soil by various crops.”
A table compares the influence of 6 crops on the soil.
The crops are corn, soybeans, alfalfa, red clover, wheat and
oats. The columns are (1) Yield per acre. (2) Added nitrogen.
(3-6) Nutrient elements removed per acre: N, P, K, Ca. (7)
Total removed.
“Here we see that soybeans actually add some nitrogen
to the soil when the leaves, stems and roots are returned to
the land. From the standpoint of removing mineral nutrients,
soybeans rank about average among the common farm crops.
Ohio agronomists in their table of ‘Soil Productivity Factors’
place the soybean as mildly soil depleting, or in between the
soil-building clovers and the soil-depleting grain crops. They
rank soybeans as only one-half as soil depleting as wheat and
oats, and only one-fourth as soil depleting as corn.
“Second: What is the effect of soybeans on the organic
matter supply?
“Fortunately, only the soybean seed is removed from
the land. The plant nutrients contained in the soybean stems,
leaves and roots are returned to the soil. Thus, the soybean
grower can add to the field some of the nitrogen gathered
from the air and return as much as possible of the mineral
matter taken from the soil.
“Organic matter is quite important in soil. It not only
influences the structure of the soil, but it is also the home of
the micro-organisms whose activity makes plant nutrients
available to plants. Soil depletion is largely the destruction of
organic matter and the loss of soil minerals.
“Third: What influence do soybeans have on biological
activity and soil tilth?

“Soybeans improve soil tilth and biological activity.
The soybean is one of the annual crops with outstanding
ability to loosen and mellow the soil and improve its
granular structure. This is especially beneficial on heavy
clay or silty clay loam soils. By improving the soil structure
better aeration is promoted and this creates a favorable
environment for the roots of growing plants. The improved
aeration and the increase in available nitrogen in the soil also
have a stimulating effect on the number of micro-organisms
which assist in the decay of plant tissues.
“Soybeans improve the soil tilth by shading and
protecting the soil from rain and by root action. The roots
often go down 4 or 5 feet which is deeper than the roots
of small grains, although not nearly so deep as clover and
alfalfa. The roots and the bacterial action they foster tend to
break up and loosen the soil mass, making it more crumbly,
better aerated, more easily worked by tillage implements,
and more easily penetrated by the roots of following crops.
Soybeans leave heavy compact soils in much better physical
condition than do corn and small grains.
“Fourth: What is the effect of soybeans on following
crops?
“Experiments in many states have shown that soybeans,
under a progressive system of soil management, have a
beneficial effect on the crops that follow. Indiana tests at
Purdue, covering 19 years, show that yields of corn, oats
and wheat were all higher following soybeans than after
any other crop except clover. Also, that on heavy soils the
addition of soybeans to a rotation of corn, wheat and clover
stepped up the yields of all the crops in the rotation, and gave
greater dollar return for each year of the rotation. Corn and
wheat yields were increased 5 and 6 bushels per acre.
“Comparisons of corn yields following corn and
following soybeans have been made for several years at
Iowa. Results show corn yields 8.3 bu. and 9.5 bu. more
following soybeans than where corn follows corn on the
Webster and Clarion corn soils of Iowa. Likewise, oat yields
were increased about 20 percent in Iowa when this crop
followed soybeans compared to following corn.
“Ohio Experiment Station tests over a period of 14 years
showed that yields of wheat following soybeans averaged
3.4 bu. more than wheat following oats. Soybeans added to a
rotation of corn, oats, sweet clover on the stubborn Paulding
clay definitely raised the yield of both the corn and oats.
“The beneficial effects of soybeans on the yields of other
crops in the rotation have been reported by many other states
and by farmers throughout the Cornbelt. This increased
yield of following crops should very definitely be credited
to soybeans when the net return from competing crops is
figured. Doubtless many of you know of heavy clay farms
right here in northwestern Ohio that were giving very poor
yield’s of corn, but after a few crops of soybeans the corn
crop gave a much better account of itself. This has happened
on hundreds of so-called claypan farms of Indiana, Illinois

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 385
and Missouri.
“There is plenty of evidence coming from the
experiment stations of the soybean states to show that the
soybean is not hard on the soil when compared with other
Cornbelt crops such as corn and small grains.
“We must remember that all crops harvested and
removed from the land deplete the supply of nutrient
elements in the soil. These elements must be replenished by
intelligent management practices.
“Wild Statement No. 2: Soybeans cause most of our
erosion. The soybean is frequently referred to as a crop
which accelerates erosion. Possibly you have heard someone
say that it causes more erosion than any other farm crop. Yet,
we know that most of the millions of acres of eroded land in
America got that way before soybeans came into the picture.
The improper handling of intertilled crops on sloping land
may, of course, permit serious erosion. Especially; if the
land is left bare after the crop is harvested, or if two or more
intertilled crops follow in succession.
“There are wide differences between crops in their
influence on erosion losses. Cultivated row crops are the
least effective in preventing soil losses, small grain crops are
intermediate, and sod crops are most effective. Soybeans are
classified as a cultivated row crop when planted in rows, or
as a close-grown crop like the small grains if drilled solid.
Even on the fairly level lands of northwestern Ohio about
90 percent of the soybeans are planted solid” (Continued).
Address: Managing Director, National Soybean Crop
Improvement council.

respectively. Assays for streptomycin were by the paper disc
method with Bacillus subtilis.”
“These data suggest that the source of the beans does
not materially affect their value for nutrients in streptomycin
production. An optimal concentration of ash production is
evident.” Address: Dep. of Horticulture, Univ. of Illinois,
Urbana, Illinois.

930. Mee, Sanae. 1949. A study of carboxylase in soybean
sprouts. Archives of Biochemistry 22(1):139-48. May. [8 ref]
• Summary: The thiamine content of soybean sprouts has
been investigated in several forms. The activity of the
enzyme carboxylase, which was shown to be present, rises
to a maximum shortly after sprouting begins, then falls
off. Manganese was shown to be an effective activator
of carboxylase. Variations in the carboxylase activity
are paralleled by variations in the amount of thiamine in
combined form. Address: Lab. of Biochemistry, Osaka
Imperial Univ., Osaka, Japan.

934. Parker, M.W.; Borthwick, H.A. 1949. Growth and
composition of Biloxi soybean grown in a controlled
environment with radiation from different carbon-arc
sources. Plant Physiology 24(3):345-58. July. [10 ref]
• Summary: Sunshine is the best kind of light for growing
many types of plants. Address: Plant Industry Station,
Beltsville, Maryland.

931. Thornberry, H.H. 1949. Streptomycin production by
Streptomyces griseus from soybeans grown on different
soil types. Abstracts of Papers Presented at the General
Meeting... Society of American Bacteriologists 49:58. May.
• Summary: This paper was presented at the 49th general
meeting. “Soybeans of the Lincoln variety from plants grown
on three types of soil in Illinois were tested for streptomycin
production by Streptomyces griseus in shaker culture at 26 C.
They were grown in 1947 on soils in the vicinity of Urbana
(average prairie good soil), Edgewood (acid soils usually
high in available Mn), and Stonington (lake bed soil about
neutral) yields being 35.0, 28.4, and 26.1 bushels per acre

932. Cerighelli, R. 1949. Énergie et faculté germinatives
d’une variete de soja à 20 et 25º [Energy and germinating
ability of a soybean variety at 20 and 25ºC]. Revue
Internationale du Soja 9(51):27-31. [Fre]
933. Little, Henry N. 1949. Properties of the red pigment
from soybean nodules. J. of the American Chemical Society
71(6):1973-75. June. [12 ref]
• Summary: “A red pigment resembling animal hemoglobin
has been observed in the nodules of leguminous plants.
This pigment has been termed leghemoglobin by Virtanen,
whereas Keilin and co-workers have applied the name
hemoglobin. The more general term hemoprotein has
been used in this paper. Kubo (3) found that the pigment
was present in the nodules of all the leguminous plants
he tested. Virtanen (4) reported that only plants with
nodules containing visible amounts of the pigment actively
fixed nitrogen; when the plants matured and the pigment
disappeared from the nodules, nitrogen fixation ceased.”
Address: Dep. of Biochemistry, Univ. of Wisconsin,
Madison, Wisconsin.

935. Davis, Franklin L. 1949. Effects of liming on response
to minor elements of crimson clover, soybeans, and Alyce
clover. Agronomy Journal 41(8):368-74. Aug. [19 ref]
• Summary: Alyce rhymes with Alice (as in Alice in
Wonderland). This study includes requirements of boron (B),
copper (Cu), zinc (Zn), and manganese (Mn).
“4. Soybeans and Alyce clover require very little or no
additional B, Cu, Zn, and Mn on this soil.”
“6. Where borax was applied to the soil, the response of
soybeans to lime increased with each increase in the amount
of lime applied. This resulted, in part, from decreases in yield
of the soybeans on the low-lime plots as compared to the noboron plots.” Address: Soil Chemist, Dep. of Agronomy and
Soils, Alabama Agric. Exp. Station, Auburn, Alabama.
936. Krantz, B.A.; Nelson, W.L.; Welch, C.D.; Hall, N.S.
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1949. A comparison of phosphorus utilization by crops. Soil
Science 68(2):171-77. Aug. [3 ref]
• Summary: Corn, potatoes, and soybeans (grown on Bladen
silt loam) varied greatly in the percentage of phosphorus
derived from the fertilizer. “The potato plant derived about
60% of its phosphorus from the fertilizer throughout the
growing season. The percentage of phosphorus from the
fertilizer in the corn and soybean plants was high at the
first sampling but decreased progressively throughout the
growing season.
As shown in Table 1, field 1 had low-soil phosphorus
and field 2 had high-soil phosphorus. The pH of each field
is given. Address: North Carolina Agric. Exp. Station and
USDA.
937. Morse, W.J.; Cartter, J.L.; Williams, L.F. 1949.
Soybeans: Culture and varieties. Farmers’ Bulletin (USDA)
No. 1520 (Revised ed.). 38 p. Aug. Revision of 1927 and
1939 editions.
• Summary: Contents: History. Description. Distribution and
production. Climatic adaptations. Varieties. Description of
varieties. Improved varieties. Soil preferences. Soil erosion.
Preparation of seedbed. Fertilizers and lime. Inoculation.
Time of seeding. Methods of seeding. Rate of seeding. Depth
of seeding. Cultivation. Soybeans in rotations. Soybeans
in mixtures: Soybeans and corn, cowpeas, Sudan grass,
millet, sorghum. Insect enemies of soybeans: Grasshoppers,
velvetbean caterpillar, leafhoppers, blister beetles, bean
beetles, Japanese beetles, other beetle enemies, army
worms and other caterpillars, chinch bugs. Diseases of the
soybeans. Other enemies of soy beans (rabbits, pigeons, deer,
woodchucks).
The section on “History,” states (p. 2): “Since 1890 most
of our agricultural experiment stations have experimented
with soybeans, and many bulletins treating of various phases
of the crop have been published. In 1898, the United States
Department of Agriculture began the introduction of a large
number of soybeans from Asiatic countries. Since that time
the acreage of soybeans has increased nearly three-hundredfold–from less than 50,000 acres in 1907 to 12,427,000
acres in 1946. Increase of acreage and production has been
closely correlated with the introduction of varieties and
their improvement through selection. Remarkable progress
has been made in the last few years in developing food and
industrial uses.”
The section on “Varieties” (p. 5-7) states: “Soybean
varieties have been classified as early or late, depending on
when they ripen under the latitude and climatic conditions
at the location where they are grown. Another means of
expressing maturity that is coming into general use among
plant breeders is a classification according to the relative
maturity groups. The varieties being grown in the United
States have been divided into nine maturity groups (0
through VIII), group 0 and I being adapted to the northern

part of the country. The succeeding groups are adapted
further south, group VIII being grown in the Gulf-coast
region. A map of the United States (fig. 3) shows the
areas “where varieties in each of the soybean maturity
classification groups are adapted as a full-season crop.
A full-page chart (p. 7) shows the varieties in each of
the 9 maturity groups. Within most groups, the varieties
are divided into commercial, forage, and vegetable, and the
vegetable group is further divided into “green bean” and
“mature bean.” Group 0: Commercial–Capital, Flambeau,
Goldsoy, Kabott, Minsoy, Montreal Manchu, Norsoy,
Pagoda, Pridesoy. Green vegetable–Agate, Sac, Sioux.
Group I: Commercial–Blackhawk, Cayuga, Habaro, Manchu
3, Manchu 606, Manchukota, Mandarin, Mandarin (Ottawa),
Mandarin 507, Monroe, Ontario, Wisconsin Black. Forage–
Cayuga, Wisconsin Black. Green vegetable–Green Giant,
Hidatsa.
Group II: Commercial–Bavender Special, Earlyana,
Granger, Harman, Hawkeye, Mandell, Mingo, Mukden,
Richland, Seneca. Vegetable: Green bean–Bansei, Etum,
Hakote, Jogun, Kanro, Kanum, Mendota, Sato, Sousei.
Vegetable: Mature bean–Bansei, Etum, Jogun, Kanro,
Kanum, Mendota, Sousei. Group III: Commercial–Adams,
Chief, Dunfield, Illini, Lincoln, Manchu, Pennsoy, Scioto,
Viking. Vegetable: Green bean–Chusei, Hokkaido, Kura,
Tastee, Willomi, Wolverine. Vegetable: Mature bean–Chusei,
Hokkaido, Willomi, Wolverine.
Group IV: Commercial–Boone, Gibson, Hongkong,
Macoupin, Mansoy, Midwest, Morse, Mount Carmel, Patoka,
Wabash. Forage–Ebony, Kingwa, Norredo, Peking, Virginia,
Wilson. Vegetable: Green bean–Aoda, Chame, Emperor,
Funk Delicious, Imperial. Vegetable: Mature bean–Emperor,
Funk Delicious, Imperial.
Group V: Commercial–Haberlandt, Herman,
Hollybrook, S100. Vegetable: Green bean–Easycook, Hahto,
Higan. Vegetable: Mature bean–Easycook, Higan.
Group VI: Commercial–Arkan, Arksoy, Arksoy 2913,
Armredo, Delsoy, Dortchsoy 2, Magnolia, Mamredo, Ogden,
Ralsoy, Rose Non Pop. Forage–Laredo. Vegetable: Green
bean–Rokusun, Delsoy. Vegetable: Mature bean–Rokusun,
Delsoy.
Group VII: Commercial–Charlee, Clemson, C.N.S.
(Clemson Nonshattering), Georgian, Hayseed, Mammoth
Brown, Mammoth Yellow, Missoy, Monetta, Palmetto,
Roanoke, Tennessee Non Pop, Tokyo, Volstate, Woods
Yellow, Yelredo.
Group VIII: Commercial–Acadian, Arisoy, Creole,
Delsta, LZ, Mamloxi, Mamotan, Nanking, Pelican,
Seminole, Yelnando. Forage–Avoyelles, Biloxi, Creole,
Gatan, Otootan. Forage–Avoyelles, Biloxi, Creole, Gatan.
Otootan. Vegetable: Green bean–Cherokee, Nanda,
Seminole. Vegetable: Mature bean–Nanda, Seminole.
Description of varieties: Each of the varieties listed
above is described here in detail in alphabetical order.
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The following synonyms are also included: Black Beauty
(Same as Ebony). Brown Otootan (Same as Tanner). Early
Green (Same as Medium Green). Early Indiana Laredo
(Same as Norredo). Early Laredo (Same as Norredo). Early
Mandarin (Same as Mandarin). Early Virginia Brown (Same
as Virginia). Early Wilson (Same as Wilson). Early Wilson
Black (Same as Wilson). Early Wisconsin Black (Same
as Wisconsin). Early Woods Yellow (Same as Arksoy).
Early Yellow (Same as Ito San). Edsoy (Renamed Delsoy).
Giant Brown (Same as Mammoth Brown). Green (Same
as Medium Green). Guelph (Same as Medium Green).
Hollybrook Early (Same as Midwest). Illinois VC-VT (Same
as Ilsoy). Indiana Hollybrook (Same as Midwest). Japan
Pea (Same as Ito San). Large Brown (Same as Mammoth
Brown). Large Yellow (Same as Mammoth Yellow).
Late (Same as Mammoth Yellow). Late Yellow (Same as
Mammoth Yellow). McClave (Same as Midwest). Mammoth
(Same as Mammoth Yellow). Manchuria (Same as Pinpu).
Medium Early Green (Same as Medium Green). Medium
Early Yellow (Same as Ito San). Medium Yellow (Same as
Midwest). Mongol (Same as Midwest). Northern Hollybrook
(Same as Midwest). Ohio 9035 (Same as Hamilton). Purredo
(Same as Norredo). Red Otootan (Same as Tanner). Red
Tanner (Same as Tanner). Roosevelt (Same as Midwest).
Sable (Same as Peking). Shanghai (Same as Tarheel Black).
Southern (Same as Mammoth Yellow). Southern Medium
Green (Same as Tokyo). Tarheel (Same as Tarheel Black).
Tarheel Brown (Same as Mammoth Brown). Vanderburg
Black (Same as Norredo). Virginia Brown (Same as
Virginia). Virginia Early Brown (Same as Virginia). Wilson
Black (Same as Wilson). Wilson Early Black (Same as
Wilson). Wisconsin Early Black (Same as Wisconsin Black).
Yellow (Same as Mammoth Yellow).
Footnote (p. 8): The following varieties of soybeans do
not appear in the present publication as they are no longer
handled by growers and seedsmen and have been superseded
by improved varieties: A.K., Aksarben, Arlington, Austin,
Black Eyebrow, Chernie, Chestnut, Chiquita, Columbia,
Delnoshat, Dixie, Early
Brown, Elton, Fuji,
George Washington,
Goku, Goshen Prolific,
Hamilton, Harbinsoy,
Hiro, Hoosier,
Hurrelbrink, Ilsoy, Ito
San, Jet, Lexington,
Medium Green, Merko,
Mikado, Ogemaw, Old
Dominion, Oloxi, Osaya,
Ozark, Pee Dee, Pine
Dell Perfection, Pinpu,
Shiro, Sooty, Southern
Green, Southern Prolific,
Soysota, Suru, Tarheel

Black, Toku, Waseda, Wea, White Biloxi, Wilson-Five, and
Yokoten.
Note: The term “maturity group” was first used in
1936 by L.E. Kirk, but with a somewhat different meaning
than it now has. This is the 2nd earliest document seen
(June 2009) that uses the term “maturity group” in the
sense that has come to be widely used since 1946, and
the earliest document seen (June 2009) that discusses
the concept in detail. Address: 1. Principal Agronomist;
2. Senior Agronomist; 3. Assoc. Agronomist. All: Div.
of Forage Crops and Diseases, Bureau of Plant Industry,
Soils, and Agricultural Engineering, Agricultural Research
Administration [USDA].
938. Nagata, Tadao. 1949. Daizu no natsuaki daizu sei ni
kansuru kenkyû. I. Natsuaki daizu sei ni yoru daizu hinshu
no bunrui [Studies on the growth habit of so-called summer
versus autumn soybeans. I. Classification of varieties
with respect to said habit]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
18(2/4):131-34. Oct. 30. [Jap; eng]
• Summary: “Abstract: Many varieties, 136 in total,
conected [sic, collected] from Japan, Korea, China and
U.S.A. were used. Seeds were sown at 6 succeeding periods
from April to September. Dates of germination, beginning
and end of flowering, and maturity were recorded. With
these data, the following 3 duration were calculated; A.
Flowering days from germination to beginning of flowering,
B. Flowering duration–from beginning to end of flowering,
C. Growing duration–from germination to maturity.
“By using the above 3 items (A, B, C), the classification
of summer vs. autumn types of varieties were tried in
respect to the following 3 ecological characteristics; (I) The
rate of shortening of the flowering days due to the delay of
seeding periods calculated by assuming the mode of change
of the flowering days according to the seeding periods to
be 1 linear. (II) Relative length of flowering duration to
flowering days, B/A. (III) Relative length of growing days
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to flowering days, C/A. As shown by the following table we
can distinguish firstly 3 types of Summer, Intermediate and
Autumn, secondarily 3 classes in Summer type (SI, SIp, SII),
2 classes in Intermediate type (MIII, MIV), and 3 classes in
Autumn type (AV, AVI, AVII).”
A large table shows these relationships. Address:
Laboratory of Crop Science, Faculty of Agriculture, Kyoto
Univ., Japan.
939. Kurakake, T. 1949. Soybeans in Japan. Soybean Digest.
Oct. p. 18, 20.
• Summary: “Though soybeans have been grown for
centuries in Japan the tendency has been to neglect them
due to a lack of ingenuity among farmers in improving
varieties, to the fact that government laboratories did not
take measures to improve them, and to the fact that growth
was rather satisfactory even when they were allowed to grow
naturally.
“It is very difficult to find out the number of varieties in
Japan, but the Japanese Soybean Association estimates the
number at more than 1,000. The reason for this large number
is assumed to be that they appeared naturally during the long
span of time over which they were grown in the various
localities.
“Experiment Stations: In Japan, each prefecture has its
own agricultural experiment station, and each experiment
station selects varieties that are most suitable for the
prefecture and encourages the farmers to grow them. There
are about 170 of these recommended varieties. Of the above,
about 10 are the result of cross breeding carried out at the
experiment stations; about 50 to 60 are by selection and the
remainder are produced naturally.
“The characteristics of good varieties in Japan have
been: resistance to disease, high yield and a good taste when
roasted. However, recently soybeans have been looked on as
a source of oil because of the shortage of fats and oils, and
soybeans with high oil content are in great demand.
“Japanese soybeans are classed as summer, autumn and
intermediate types according to the planting and maturing
periods. Summer type varieties are planted in April and May.
The flowers bloom with the high temperatures of the early
summer, and the beans can be harvested in late July or early
August. The period from planting to harvest is from 90 to
100 days.
“It seems that the summer varieties are generally heatsensitive and have relatively low photo-sensitivity. They are
widely grown in the plains of western and eastern Japan and
in Hokkaido. Most of the varieties grown in Japan are of this
type. Usually they are small-seeded.
“The autumn type soybean in contrast to the summer
type is highly photo-sensitive and has almost no heat
sensitivity. It is planted from the middle to the latter part of
June. Flower bloom is accelerated as day length is shortened
after mid-summer. The beans are harvested in November.

The time from planting to harvest is more than 130 days.
Varieties of this type are usually grown in the western part
of Japan where it is relatively warm. But the acreage is
comparatively small.
“Varieties of the intermediate type are in between the
summer and autumn types. Planting is from May to June.
They have photo- and heat-sensitivity to about the same
extent, and require from 100 to 130 days to mature. This type
is grown widely in northern Japan with the exception of the
mountainous districts of eastern Japan and Hokkaido, and the
number of varieties is next to the summer type.
“The total soybean acreage and production in Japan
has been declining since about 1910, which was the peak.
The acreage during the latter part of the 1880’s was more
than 400,000 chobu [1 chobu = 1 chô = 2.45 acres] with a
production of over 300,000 tons. Acreage and production
gradually increased to about 460,000 chobu and 500,000
tons. However, with this as the peak, acreage and production
have gradually decreased so that since the Pacific War
acreage has been 220,000 chobu and production 200,000
tons. With the decrease in acreage and production there was
also a decrease in yield per area planted.
“During the same period, from the 1880’s to just before
the Pacific War, the yield of rice, wheat and barley increased
from 180 to 200 percent, but that of soybeans fell from 20
to 30 percent from the peak period. The reduction in yield
shows to what extent the farmers neglected improvement
of varieties, while the government was inactive and without
progressive policies.
“Were unprofitable: Another reason for the decline is
that soybeans were an unprofitable crop for farmers. Japan
began to import large quantities of cheap Manchurian and
Korean soybeans during the 1890’s. As a result the farmers
in Japan were compelled to sell their soybeans at a cheap
price. At about the same time the capitalistic economy began
to develop in Japan with the gradual evolution of exchange
economics. Japanese farmers quit planting unprofitable
crops and changed over to more profitable ones. Soybeans
were replaced with mulberries for silk raising, orchards,
vegetables and sweet potatoes.
“Soybeans were always sold at about 60 percent of the
price of rice and at about the same price as fertilizer. Actually
much of the soybean crop in Japan was formerly used as
fertilizer.
“However, in spite of the fact that soybeans were an
unprofitable crop, they did not disappear entirely from the
farms in Japan. Farmers continued to plant them not as a
commercial crop but for their own consumption. Only the
excess above their own needs was sold on the market.
“The districts where soybeans are grown most widely
are areas where agrarian economics is most backward–in
the mountainous areas of Tohoku, Hokuriku or Kanto and
in the Kyushu area. In the advanced agricultural areas they
are limited to the banks of rice paddies, roadsides or plots
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around the houses. In other words, the existence of soybeans
indicates feudalism in Japan. Under such conditions there is
no opportunity to improve varieties to fit specific farms. Here
lies the answer to the question of why the soybean declined
in importance year after year but still continued to exist.
“The rise and fall of soybeans in Japan has a very close
relation with the importation of foreign soybeans, which has
increased six-fold since 1897.
“The principal exporters of soybeans to Japan were
Manchuria and Korea. Quantities imported by Japan
gradually increased from about 200,000 tons during the
1910’s to 800,000 tons following 1928. As a result of this
large quantity of cheap soybeans, domestic soybeans were
almost neglected.
“However, defeat in war caused a great change in the
soybean picture in Japan. Japan lost Manchuria and Korea
and the importation of soybeans from these territories was
completely cut off. As a result, Japan faced a grave fats and
oils and protein shortage.
“Total imports of soybeans since the war have been less
than 10 percent what they were before the war.
“Formerly, the greater part of the soybean meal obtained
after the extraction of the oil was used as fertilizer or
livestock feeds; but soy bean oil meal and soy flour imported
from the United States are now used for making miso and
shoyu. This indicates the critical shortage of soybeans.”
Note: This is one of the most interesting articles we have
ever seen on the history of soybeans in Japan from the late
1800s until 1949. Address: Secretary, The Japanese Soybean
Assoc., Tokyo, Japan.
940. Singh, M.P.; Anderson, J.C. 1949. Inheritance of
earliness of maturity in soybean, Glycine max (L.) Merrill.
Agronomy Journal 41(10):477-82. Oct. [9 ref]
• Summary: “(1) There is evidence that the maturity of
soybeans is influenced by a few major and a number of
minor genes.
“(2) The transgressive segregation toward lateness
obtained in F3 of most of these crosses may be due to the
influence of complementary genes for lateness contributed
from both the parents...”
“(5) With late planting there was a decrease in the time
taken to maturity in all three crosses studied. The differential
behavior of the early and late selections on the two different
dates of planting was explained on the basis of interaction
between the photoperiod and temperature.” Address: New
Jersey Agric. Exp. Station, Rutgers Univ., the State Univ. of
NJ, New Brunswick, NJ, Dep. of Farm Crops.
941. Weiss, Martin G. 1949. Soybeans. Advances in
Agronomy 1:77-157. [242 ref]
• Summary: A comprehensive review of the literature on
soybean breeding and management. The first such treatment
since Piper and Morse’s classic book, The Soybean (1923).

Contents: 1. Introduction. 2. Production and distribution:
In the world, in the United States. 3. Disposition and
utilization. 4. Physiology of the soybean plant: Floral
initiation (varietal differences, duration of dark and
photoperiods, light intensity and photosynthesis, age and
position of induced tissue, temperature effects), nutrition
(nitrogen, phosphorus, major cations, micronutrients), root
temperatures.
5. Effect of climate and location: Location and season
effects, simulated hail damage. 6. Effect of cultural practices:
Rotations, fertilizers and soil management (response,
placement), seed inoculation, seed germinability (viability,
disinfectants and protectants, hormones), time of planting,
method and rate of planting, weed control, harvesting. 7.
Genetics and cytology. 8. Variety improvement. 9. Effect on
soils. 10. Disease and insect pests. 11. Regional approach to
soybean research (U.S. Regional Soybean Laboratory).
Note: None of 242 abbreviated references contains
the title of the document, thereby greatly limiting this
publication’s value and effectiveness. For example: Orcutt,
F.S. 1937. Soil Sci. 44, 203-215. Address: Iowa State
College, Ames, Iowa.
942. Dewan, Madan L.; Hunter, Albert S. 1949. Absorption
of P by soybeans and sudan grass. I. Comparison of effects
of Mg, Ca, and Na salts. Soil Science 68(5):401-10. Nov. [19
ref]
• Summary: This article begins: “The influence of Mg upon
the efficiency of utilization of P by plants is a subject of
continuing interest. The problem of increasing the efficiency
of utilization of P is highly important. Phosphorus has been
called the master key of agriculture (4; Cooper et al. 1947).
Over the United States as a whole, P, more often than any
other element, is the limiting factor in crop production and in
nutritional deficiency diseases of grazing livestock.”
“In comparison with Ca and Na, the application of
Mg to soils markedly increased the percentage of Mg in
soybeans and sudan grass; failed to increase significantly the
percentage of P in soybean plants harvested as pod formation
began,...” Address: Cornell Univ. and USDA.
943. Dewan, Madan L.; Hunter, Albert S. 1949. Absorption
of P by soybeans and sudan grass. II. Effect of silicates. Soil
Science 68(6):479-82. Dec. [18 ref]
• Summary: This article begins: “The presence of large
amounts of Si in the ash of certain plants has excited much
speculation as to its function. The fact that plants that
normally have a high Si content have been grown virtually
free of this element indicates that it is not essential or is
required in only very minute amounts (14). Even so, it
has been demonstrated (11, 15) that silicates under certain
conditions greatly aid in the growth of higher plants.”
“Summary and conclusions: The silicates of Mg, Ca,
and Na, and olivine and serpentine, were applied, in factorial
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combination with two levels of P, to two soils. Soybeans
were grown on Ottawa fine sandy loam in pots, and soybeans
were grown on field plots of Mardin silt loam. Plants were
analyzed for Si and P. Silicates had no significant effects
upon the yield of soybeans and their concentration of P...
The Si content of soybeans was increased by CaSiO3;...”
Address: Cornell Univ. and USDA.
944. Soybean News (NSCIC). 1949. Magic worth 100 million
$ a year: The U.S. Regional Soybean Research Laboratory.
1(2):1, 4. Dec.
• Summary: “If just by waving a magic wand you could
add a pound of oil to the yield of each bushel of soybeans
processed in the soybean mills of this country, you would be
adding from 15 to 40 million dollars worth of new wealth
to the soybean crop each year. Then, if you could make
soybeans yield 4 more bushels per acre your magic would be
worth a hundred, million dollars a year.
“On March 16, 1936, the Secretary of Agriculture
announced: Twelve North Central States and the U.S.
Department of Agriculture have opened a cooperative
soybean industrial research laboratory at Urbana, Illinois.
With that announcement the research workers in these 12
states and those in the U.S.D.A. started working their magic
in unison, and within the past dozen years they have waved
approximately 1 pound more oil into each bushel of soybeans
grown in the U.S., and they have also increased yields fully 4
bushels on each acre planted to soybeans.
“Of course, this was not all done by magic alone. A
tremendous amount of painstaking work was involved.
A lot of ground work had been done before 1936. Then,
too, putting more oil in the beans and stepping up yields
were only two of the things they were doing. They were
coordinating the research program for a broad regional
attack on soybean production and utilization problems. This
regional approach to hybridization studies and tests and to
the evaluation of varieties through the Uniform Variety Tests,
study of diseases, etc. has had much to do with the improved
composition of soybeans and with the development, testing,
and distribution of better varieties.
“On July 1, 1942, research on utilization of soybeans
and their by-products, which up to that time had been carried
on at Urbana, was transferred to the Northern Regional
Research Laboratory at Peoria, Illinois, where the research
program on industrial utilization has been further developed.
This change enabled the soybean laboratory at Urbana to
extend the agronomic studies, including genetics, breeding,
physiology, and diseases, to the agricultural experiment
stations of 12 southern states.
“The magic of the agronomists, who are participating
in the cooperative program of the Soybean Laboratory,
has been directed mainly to the improvement of varieties.
Through introductions, selections, and hybridization, they
have conjured up strains that are resistant to lodging and

shattering, and which turn out better yields of high quality
seed with high oil and protein content. Much progress has
been made in the development of strains better suited to
conditions of the various producing areas. They have pushed
the limits of successful soybean production northward in
Michigan, Wisconsin, Minnesota, and the Dakotas.
“A number of new varieties have been developed
through introductions from the Orient and from selections,
but the greatest number of improved strains have come
from the hundreds of crosses that have been made between
varieties. Individual varieties have superior qualities, such
as, habit of growth, early maturity, high yield, high oil, high
protein, and in the quality of these properties. No one variety
combines all of the desirable features, so these scientists
have made crosses of 2 or more varieties in order to bring
together in the new strain the particular qualities wanted
in its makeup. From the segregates of these crosses new
and improved lines are selected. From their wand-waving
have come such superior soybeans as Lincoln; Hawkeye,
Earlyana, Adams, Monroe, and many others.
“That is why soybeans today are so much better than
they ever were before–better plants, better seed, more oil,
better protein, better adapted varieties, and yields per acre
about twice as high as they were 20 years ago.”
On an outline map of the United States: “The States
originally cooperating in the work of the Soybean Laboratory
are those shown in black. Since 1942 the shaded States [in
the south] also have been cooperating with the laboratory in
its research program.”
Note: This is the earliest document seen (June 2020)
concerning the breeding or selection of soybeans for use as
soy oil or meal.
945. Ikeda, Hiroshi. 1949. Studies on the soybean cultivation
in Kagoshima Prefecture. I. Effects of different dates of
planting on the growth, flowering and fruit setting of soybean
plant. Kagoshima Koto Norin Gakko Gakujutsu Hokoku
(Bulletin of the Kagoshima Imperial College of Agriculture
and Forestry) 15:20-30. [Jap; eng]*
946. Lange, N.A. 1949. Handbook of chemistry, 7th ed.
Sandusky, Ohio: Handbook Publishers. *
947. Blackmore, Raymond H. 1949. Effects of certain
external factors on the oil and protein content of soybeans
and the chemical composition of the component glycerides
of the soybean oil. PhD thesis, Ohio State University. In:
Doctoral Dissertations Accepted by American Universities,
1949. *
Address: Ohio State Univ.
948. Tisdale, Samuel L.; Bertramson, B.R. 1949. Elemental
sulfur and its relationship to manganese availability.
Proceedings–Soil Science Society of America 14(C):131-37.
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[25 ref]
• Summary: Greenhouse experiment with soybeans and
oats. “The existence of a sulfur-manganese relationship
is suggested whereby increased amounts of sulfate ion in
the soil solution might cause an increased uptake and/ or
utilization of manganese by the plant. The role of sulfur as
a possible reductant of MnO2 is suggested.” Address: Dep.
of Agronomy, Purdue Univ. Agric. Exp. Station, Lafayette,
Indiana.
949. Welch, C.D.; Nelson, W.L. 1949. Effect of calcium,
magnesium, phosphorus, potassium and nitrogen on
soybeans grown on three coastal plain soils (Abstract).
Proceedings of the Annual Convention of the Association of
Southern Agricultural Workers 46:50-51.
• Summary: “The effects of rates and sources of lime were
studied for three years at three locations. Hydrated calcitic or
dolomitic lime was applied in one application to theoretically
produce 30, 60 and 90 percent base saturation in a Craven
and Bladen soil series and 20, 40, and 80 percent in a Hyde
series.” Address: North Carolina Agricultural Experiment
Station, Raleigh, North Carolina.
950. Evans, C.E.; Lathwell, D.J.; Mederski, H.J. 1950.
Effect of deficient or toxic levels of nutrients in solution on
foliar symptoms and mineral content of soybean leaves as
measured by spectrographic methods. Agronomy Journal
42(1):25-32. Jan. [11 ref]
• Summary: “The occurrence of mineral element
deficiencies, especially of those classified as micronutrients,
is becoming increasingly more frequent in the agricultural
soils of the nation. The deficiencies are usually expressed as
characteristic and discernible symptoms on plants or plant
parts.”
Magnesium deficiency manifested as chlorosis, starting
at the leaf margins and progressing inward.
“Soybeans were grown in sand cultures. Nutrient
solutions which consisted of a complete solution; of
toxic and deficient solutions with regard to magnesium,
manganese, boron and zinc; of solutions lacking calcium,
potassium, and phosphorus; and of solutions containing an
excess (toxic) of copper were used. Leaves of the soybean
plants were harvested by stalk position at midbloom stage
and analyzed spectrographically for 10 elements.” Address:
1. Assoc. Agronomist; 2. Graduate Fellow. Both: Dep. of
Agronomy, Ohio Agric. Exp. Station, Wooster, Ohio.
951. Nagata, Tadao. 1950. Daizu hinshu no tokusei ni
kansuru kenkyû [Studies on the characteristics of soybean
varieties]. Nihon Daizu Kyokai (Japanese Soybean Assoc.),
Kyoto Daigaku Nogakubu, Sakumotsu Kenkyushitsu. 115 p.
Illust. (10 plates incl. 5 in color). [64 ref. Jap]
• Summary: The nine chapters cover photoperiodism,
morphology, and soybean varieties, among other subjects.

Address: Nara Gakugei Daigaku, Japan; Formerly Kyoto
Daigaku Nogakubu Sakumotsugaku Kenkyushitsu.
952. Welch, C.D.; Nelson, W.L. 1950. Calcium and
magnesium requirements of soybeans as related to the degree
of base saturation of the soil. Agronomy Journal 42(1):9-13.
Jan. [8 ref]
• Summary: “Calcitic lime increased yields at all locations.
The first increment was generally sufficient. This resulted in
calcium saturations of 19, 31, and 27% in the Hyde, Craven,
and Bladen series, respectively.
“The responses to dolomitic lime were much the same
as with calcitic. There was some indication, however, that
a higher base saturation was required with the dolomitic
limestone and this was closely related to the amount of
calcium supplied.
“Applications of nitrogen increased yields on the most
acid soil where no lime was applied and also in the calcium
sulfate treatment (pH 4.2)...” Address: 1. Instructor of
Agronomy; 2. Prof. of Agronomy. Both: Dep. of Agronomy,
North Carolina Agric. Exp. Station, Raleigh, NC.
953. Bond, George. 1950. Symbiosis of leguminous plants
and nodule bacteria. III. Observations on the growth of soya
bean in water culture. Annals of Botany 14(54):245-61.
April. New Series. [20 ref]
• Summary: “Summary: 1. Observations are presented on
the growth in static, non-flowing water culture of nodulated
plants of soya-bean in nitrogen-free solution, and of
corresponding non-nodulated plants supplied with nitratenitrogen.
“2. Satisfactory growth and fixation of nitrogen were
obtained with nodulated plants in Crone’s solution containing
the full complement or a proportion of the insoluble
constituents, but not in a medium comprising the soluble
portion only. The insoluble constituents thus appear to be
of value to the plants. Non-nodulated plants supplied with
nitrate-nitrogen made satisfactory growth in the medium
with soluble material only, suggesting a difference in mineral
requirements between the two types of plant.
“3. The pH of Crone’s solution in contact with nodulated
roots fell from the initial value of 62 with some rapidity,
varying with the different modifications of the solution
that were employed. With nodule-free plants supplied with
nitrate-nitrogen a corresponding fall in pH was not shown,
but a fall did occur if such plants were temporarily deprived
of nitrate.
“4. Evidence was obtained that, after the period of
maximum formation of nodules is passed, nodulated plants
grow well at relatively low pH (3-5-5-0).
“5. Well-marked differences in the oxygen content of
the solutions midway down and at the base of the culture
jars were shown between non-aerated and aerated jars,
particularly in the later stages of growth. Differences were
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probably smaller in respect of the solution in the upper part
of the jars, since the arrangement employed allowed fairly
free access of atmospheric oxygen to the surface of the
culture solution.
“6. In the experiments of the first year aeration led to
all-round benefit to nodulated plants, but in subsequent
experiments under a wide range of cultural treatments, some
of which appeared to reproduce closely the conditions of the
first year, aeration led in most cases to greater root length
and to more numerous nodules, but little or no benefit ensued
in terms of dry weight or nitrogen fixation, which were
sometimes better in non-aerated jars. Nonnodulated plants
receiving nitrate-nitrogen grew equally vigorously with or
without aeration in all instances.
“7. No adequate explanation of these discrepancies
with nodulated plants can be offered at present. In any case
it is felt that for reliable data on the relative importance of
oxygen to nodulated and non-nodulated roots it is essential to
adopt a method giving closer control over the oxygen content
of the culture solution. Experiments with an improved
method are in progress.
“8. The results do permit the conclusion that roots (of
both nodulated and non-nodulated plants) and nodules are
able to function efficiently at appreciably reduced oxygen
tension.
“9. In the absence of aeration the oxygen content of jars
containing nodulated plants was usually less than that in jars
with non-nodulated plants supplied with combined nitrogen,
despite the greater mass of the roots of the latter plants. A
more rapid intake of oxygen per unit dry weight of nodulated
root is suggested, though it does not necessarily follow from
this that such roots will be specially sensitive to reduced
oxygen supply.” Address: Botany Dep., Univ. of Glasgow
[Scotland].
954. Borthwick, H.A.; Parker, M.W.; Hendricks, S.B.
1950. Recent developments in the control of flowering by
photoperiod. American Naturalist 84(815):117-34. March/
April. [41 ref]
• Summary: “The phenomenon of photoperiodic flowering
control has been well described in the thirty years since its
discovery (Murneek and Whyte, 1948) and has been found
to occur widely, both biologically and geographically.
Resolution into constituent parts such as causative
mechanism and method of expression, however, has
been difficult.” Address: 1-2. Div. of Fruit and Vegetable
Crops and Diseases; 3. Head Chemist, Div. of Soils,
Fertilizers. and Irrigation. All: Bureau of Plant Industry,
Soils, and Agricultural Engineering, Agricultural Research
Administration. USDA.
955. Furutani, Y.; Kukii, M. 1950. [On the fruiting habits of
soybeans. I. Dropping of flowers and pod development in its
early stage]. Kyushu Nogyo Kenkyu (Kyushu Agricultural

Research) No. 6. p. 45-46. April. [Jap]
Address: Kyushu.
956. Hopkins, H.T.; Specht, A.W.; Hendricks, S.B. 1950.
Growth and nutrient accumulation as controlled by oxygen
supply to plant roots. Plant Physiology 25(2):193-209. April.
[26 ref]
• Summary: Experiments with soybean, tomato, and tobacco.
“Summary: Growth response, nutrient accumulation, and
nutrient transport were measured for tomato (var. Marglobe),
soybean (var. Biloxi) and tobacco (var. Maryland Mammoth
and Connecticut broadleaf) in their dependence on oxygen
supply in the root zones.
“Root growth of all plants was stopped at an oxygen
content of 0.5% in the gas around the roots. Top growth and
ion accumulation continued at this level.” Address: Plant
Industry Station, Beltsville, Maryland.
957. Briggs, D.R.; Mann, Robert L. 1950. An electrophoretic
analysis of soybean protein. Cereal Chemistry 27(3):243-57.
May. [11 ref]
• Summary: “Electrophoresis patterns for water extracts of
defatted soybean meal, containing 95% of the total nitrogen,
disclosed the presence of at least seven electrophoretically
distinct proteins.” The authors observed that cooling a
concentrated, aqueous extract of defatted soybeans resulted
in the precipitation of a cold-insoluble fraction (CIF) which
was electrophoretically homogeneous but heterogeneous
according to the phase-rule solubility test.
Note: This is the earliest document seen (Jan. 2016, one
of two documents) which uses the word “electrophoresis”
or “electrophoretic” in connection with soybeans. Use of
electrophoresis later enabled Hymowitz to track the early
migrations of the soybean in East Asia.
The authors, the first to use moving-boundary
electrophoresis for analysis of soybean proteins, reported
partial separation of the water soluble proteins into seven
or more components. “’Glycinin,’ the globulin commonly
considered to be the principal protein of soybeans, was found
to be a mixture of components which constituted about 75%
of the total soybean protein...
“Osborne and Campbell (1898) gave the name glycinin
to that protein fraction which precipitated when a 10%
sodium chloride extract of defatted soybean meal was
dialyzed against water.”
Wisconsin Manchu soybeans, grown in 1946 at the
University of Minnesota, were used throughout these
experiments. Address: 1. Univ. of Minnesota; 2. Eli Lilly &
Co., Indianapolis, Indiana.
958. Aronoff, S.; Vernon, L.P. 1950. C14O2 assimilation
by soybean leaves (Letter to the editor). Archives of
Biochemistry 27(1):239-40. June. [2 ref]
• Summary: “3. The glucose portion of the sucrose is formed
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prior to the fructose. The fructose from the hydrolyzed
sucrose shows almost uniform distribution of activity among
the six carbons at all times, while glucose from the same
does not. Thus the formation of sucrose appears to follow a
pathway different from that of glucose.” Address: Inst. for
Atomic Research and the Botany Dep., Iowa State College,
Ames, Iowa.
959. Eaton, Scott V. 1950. Effects of phosphorus deficiency
on the growth and metabolism of the soy bean. Botanical
Gazette 111(4):426-36. June. [18 ref]
• Summary: “Summary: 1. Sand cultures were used in a
study of the effects of phosphorus deficiency on soybean
plants. At an early stage of development the main symptom
was the deeper green color of the leaves. Later a general
chlorosis developed in the interveinal areas of the lower
leaves. Finally, the veins became chlorotic, and the leaf soon
died. The deficient plants were small, with small leaves and
thin, hard stems. The tops were affected more than the roots,
so that the top-root ratio of the minus-phosphorus plants was
lower than that of plus-phosphorus ones.” Address: Hull
Botanical Lab., Univ. of Chicago, Chicago, Illinois.
960. Parker, M.W.; Borthwick, H.A. 1950. Influence of light
on plant growth. Annual Review of Plant Physiology 1:43-58.
June.
• Summary: “Plants from the simplest unicellular alga to the
most complex seed plant respond to light entirely apart from
photosynthesis.” Address: USDA Plant Industry Station,
Beltsville, Maryland.
961. Soybean Digest. 1950. A pigment controls soy
flowering. July. p. 15.
• Summary: “First information on a pigment that holds
the key to the mechanism which controls flowering and
other phases of plant development is reported by three U.S.
Department of Agriculture scientists–Dr. H.A. Borthwick,
Dr. M.W. Parker, and Dr. S.B. Hendricks.
“This important evidence is basic to further inquiry into
the question of why some plants form flower buds only when
the days are long, the nights short, and why others require
short days and long nights to come into flower. It is another
step on the path toward understanding the complex process
by which plants make use of light and darkness.
“The fundamental law of photoperiodism or day-length
influence on plants was discovered almost 30 years ago by
W.W. Garner and H.A. Allard, USDA plant scientists now
retired. A considerable body of knowledge on the response
of various plant species to different photoperiods has been
accumulated. A part of it has come from experiments in
which artificial light was used to simulate different day-night
cycles.
“The new findings by Borthwick, Parker, and Hendricks
are based on research in which they used a spectroscope

to isolate narrow wave bands of light of high energy. With
these they irradiated soybeans and other plants known to be
sensitive to the length of day.
“Their data on the absorption of light by these plants
indicate that the sensitive pigment is a blue one, related
to the pigments of the bile. It is present in extremely low
concentrations–below the limit to impart color. This means
that the investigators have been able to establish the color
definitely from the responses to irradiation. They have not
seen it.
“The same pigment or a closely related one is effective
in both long-day and short-day plants. The findings suggest
that it acts as a catalyst to set in motion the substance (still to
be identified) that stimulates flowering.
“The results confirm previous findings that a brief
exposure to white light of low energy in the middle of the
night is sufficient to prevent floral initiation in short-day
plants and to promote flowering in long-day plants. It is
apparent that the slow dark recovery is the critical phase in
the series of reactions that control flowering.
“In a recent paper reporting these studies and other
advances in research in photoperiodism, Borthwick, Parker,
and Hendricks note that the blue pigment, which their
findings show is a link in the photoperiodic reaction in
plants, may be related to that controlling animal life.”
A photo shows the light-tight compartment where the
length of day can be controlled while studying soybean
photoperiodism.
962. Nagata, Tadao. 1950. Daizu no natsuaki daizu sei ni
kansuru kenkyû. II. Natsuaki daizu sei no... [Studies on the
growth habit of so-called summer versus autumn soybeans.
II. On the relationships between said habit and other
characteristics]. Nippon Sakumotsu Gakkai Kiji (Proceedings
of the Crop Science Society of Japan) 19(1-2):147-51. Aug.
30. [5 ref. Jap; eng]
• Summary: “Abstract: The relationships between the growth
habit of so-called summer vs. autumn soy beans (reported
by T. Nagata in 1948) and other characteristics, which were
investigated parallel, found as follows;
“(1) The interrelation between the growth habit of
summer vs. autumn soybeans and the earliness of flowering
of the tested varieties was so closer that correlation
coefficient showed as in r=0.85. Therefore, the summer
type found as the earlier, the autumn types the later, the
intermediate types the medium late varieties.
“(2) 4 types were observed in the changes of flowering
days (from germination to flowering) according to the
different periods of seeding. These types were called as “the
Ecological types of flowering”. (fig 1) The autumn types
belonged to the type I and type III, namely their flowering
days were remarkably shortened when they were sown in
both July and August. The type II and type IV, namely those
not remarkably shortened even when they were sown in July
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and thereafter, were recognized mostly in the summer types.
In the intermediate types, there were found all these 4 types
existed.
“(3) It was found that the first flower was born at the
higher nodes in the autumn types and at the lower in the
summer types. And the correlation coefficient calculated
between these characteristics was r=+0.86. The changes in
order according to the different seeding times was found as
same as in that of flowering days.
“(4) The closer relationships between the growth habit
of summer vs. autumn types and the stem length, number
of blanches, grain weight per plant, and the weight of a
plant were observed. Therefore, the autumn types produced
comparatively more yields than the summer types. The
pseudo summer types (SIp) was long as in stem length, but it
had a small number of branches.
“(5) There was found no closer relationships between
the growth habit of summer vs. autumn soy beans and
the morphological characteristics, namely the forms and
colour in various parts of the plant. Therefore, differences.
in summer vs. autumn types were defined purely as
physiological and ecological.” Address: Laboratory of Crop
Science, Faculty of Agriculture, Kyoto Univ., Japan.
963. Matsuyama, M. 1950. [Cultivation of soybean on
diluvial soil]. Gifu Daigaku Nogakubu Kenkyu Hokoku
(Research Bulletin of the Faculty of Agriculture, Gifu
University) 68:6-13. Aug. [Jap]*
• Summary: Cited in Japan Sci. Rev. Biol. Sci. 1:1272. 1949.
DNAL 442.8 J27. Address: Agricultural College of Gifu,
Japan.
964. Sasamura, Shizuo. 1950. Seiiku ondosai ga sou, chu,
bansei daizu no kaikaki ni oyobosu eikyo [The effect of
difference in growth temperature on timing of blooming of
early, mid and late blooming type soybeans]. Nogyo Oyobi
Engei (Agriculture and Horticulture) 25(7):595-96. Aug. [8
ref. Jap]*
965. Weiss, Martin G.; Weber, C.R.; Williams, L.F.; Probst,
A.H. 1950. Variability of agronomic and seed compositional
characters in soybeans, as influenced by variety and time of
planting. USDA Technical Bulletin No. 1017. 39 p. Sept. [14
ref]
• Summary: Contents: Introduction. Previous investigations.
Materials and methods. Agronomic responses: Maturity date,
lodging, height, seed yield, seed size. Seed compositional
responses: Protein content, oil content, iodine number of oil.
Accuracy of lattice square designs relative to randomized
blocks. Summary.
Tables: (12) Mean seed size per 100 seeds of five
varieties of soybeans planted on five dates for 2 years
(1939-40) at 1 location (test 1) and 5 varieties planted on
5 dates for 3 years (1940-42) at 3 locations (test 2), and

analysis of variance for locations. The soybean varieties are
(alphabetically): Boone, Dunfield Illini, Mandarin, Mukden,
Richland. The maximum mean seed size was 16.40 gm per
100 seeds for Richland in test 1. The locations are: Ames,
Iowa (test 1); Ames, Iowa, Urbana, Illinois, La Fayette,
Indiana (test 3). Address: 1. Principal agronomist; 2. Agent;
3-4. Associate Agronomists. All: Div. of Forage Crops and
Diseases, Bureau of Plant Industry, Soils, and Agricultural
Engineering, Agricultural Research Administration, USDA.
966. Aronoff, S.; Vernon, L. 1950. Metabolism of
soybean leaves. I. The sequence of formation of the
soluble carbohydrates during photosynthesis. Archives of
Biochemistry 28(3):424-39. Oct. [19 ref]
• Summary: “The primary purpose of this communication
is to present the sequence of formation of the soluble
carbohydrates in young soybean leaves (var. Hawkeye).”
“Considerable interest in this question has existed for
decades.” Address: Inst. of Atomic Research and the Botany
Dep., Iowa State College, Ames, Iowa.
967. Vernon, L.P.; Aronoff, S. 1950. Metabolism of
soybean leaves. II. Amino acids formed during short-term
photosynthesis. Archives of Biochemistry 29(1):179-86. Nov.
[9 ref]
• Summary: “Using Hawkeye soybeans we have found that
the amino acids produced in short-term photosynthesis are,
in order of decreasing total and specific activity, alanine,
serine, and glycine.” Address: Botany Dep., Iowa State
College, Ames, Iowa.
968. Hurwitz, S.; Goldin, E. 1950. Ba’ayot iklum hasoya
b’Yisrael [Introduction of soybean into Israel and its
problems]. Jewish Agency for Palestine, Agricultural
Research Station, Bulletin No. 56. p. 41-76. (Rehovot).
English-language summary p. 13-17. Dec. Published in
Ktavim. Vol. 1. 1950. [19 ref. Heb; eng]
• Summary: Contents: Introduction. Varieties: Plant
development, growing period, splitting of pods, nodulation,
yields. Sowing methods: Viability of seeds, time of sowing,
vernalization and photoperiodism, sowing depth, rate of
sowing. Time of harvest. Feeding value of the herbage.
Page 1: “Experiments in soybean cultivation were
conducted in the Rehovot Research Station from 1935
to 1944. The main objects were: selection of varieties,
determination of sowing methods and the correct time of
harvesting, and, finally, an assessment of the feeding value of
the herbage.”
Particular points studied were pod splitting, seed
viability, and seed vernalization. Seventy soybean varieties
were imported from various countries for this investigation.
The highest soybean yields under irrigation were obtained
from the varieties Wood’s Yellow, Haberlandt, Creole, Jaune
Grain, White Biloxi, Palmetto, and Missoy; and without
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irrigation from the early varieties Dunfield, Macoupin, and
China.
Note: This is the earliest document with an Englishlanguage summary seen (Dec. 2007) concerning soybeans
in Israel (after the nation was created in 1948), or the
cultivation of soybeans in Israel. But a 1936 document by
the International Institute of Agriculture (Kaltenbach and
Legros) discusses soybeans in the country when it was
named Palestine. This document contains the earliest date
seen for soybeans in Palestine/Israel, or the cultivation of
soybeans in Palestine/Israel (1935; one of two documents).
The source of these soybeans is unknown. Address: Div. of
Agronomy and Seed-Breeding.
969. Côrte-Real, A. de O.T. 1950. Influência da duraçao
relativa do dia e da noite no crescimento e desenvolvimento
de algumas variedades de Soja hispida Moench [Influence
of the relative length of day and night on the growth and
development of some varieties of Soja hispida Moench].
Revista Agronomica (Lisboa, Portugal) 31:126-52. [26 ref.
Por]*
• Summary: Soybean varieties react differently to short
photoperiods. This reaction depends not only on the time
at which the treatments are given, but also on the state of
maturity of the plants. Short photoperiods induced premature
flowering, depending on the stage of development of the
plant at the beginning of the treatment and on the precocity
/ earliness of the variety. Plant behavior was noticeably
affected during the treatments, the plant height and the length
to breadth ratio of the leaves being affected. The number of
pods and seeds and their weight were also affected, these
being strongly correlated with the precocity of the variety.
The weight of plants is greatly influenced by treatment
with short photoperiods after an already large vegetative
development.
970. Lathwell, D.J. 1950. A study of the nitrogen
requirements of the soybean plant. PhD thesis, Ohio State
University. Abstracted in Dissertation Abstracts 62:383-87. *
Address: Wooster, Ohio.
971. Neill, J.C. 1950. Simulated hail damage to soybeans.
Illinois Agricultural Experiment Station, AG1442. *
Address: Univ. of Illinois.
972. Oberdorf, F. 1950. Lohnender Sojaanbau durch
Pflanzengemeinschaften [Profitable soybean cultivation
through use of various plant families]. Grundlagen und
Fortschritte Neuzeitlicher Landwirtschaft No. 3. 16 p. [Ger]
• Summary: Contains 12 recipes. Address: Leiter des
Instituts fuer Pflanzenzuechtung, Bernburg, West Germany.
973. Daubert, B.F. 1950. Chemical composition of soybean
oil. In: K.S. Markley, ed. 1950. Soybeans and Soybean

Products. Vol. I. New York: Interscience Publishers or John
Wiley & Sons. xvi + 1145 p. See p. 157-211. [173 ref]
• Summary: Contents: 1. Introduction. 2. Component fatty
acids: Methods, fatty acid composition. 3. Glycerides:
Structure of glycerides, determination of glycerides. 4.
Phosphatides: Introduction, structure of lecithin, structure
of cephalin, fatty acid composition of phosphatides. 5.
Unsaponifiable matter: Oil-soluble pigments (carotenoid
pigments, chlorophyll, yellow isoflavone glycosides), sterols
and phytosterolins, tocopherols, other minor components,
antioxidants and pro-oxidants. Address: Dep. of Chemistry,
Univ. of Pittsburgh, Pittsburgh, PennsylvaniaP.
974. Ellfolk, Nils; Virtanen, Artturi L. 1950. Electrophoresis
of leghemoglobin. Acta Chemica Scandinavica 4(7):101419. [4 ref]
• Summary: Indicates the existence of two components
in this hemin protein isolated from the crushed nodules of
soybean.
“Summary: Leghemiglobin isolated from the crushed
nodules of soya bean and precipitated at 58-75 per cent
saturation of ammonium sulfate contains two components
with the isoelectric points pH 4.4 and 4.7.
“Both of the components are hemin proteins.
“The component with the I.P. [isoelectric point] 4.4
seems to be homogeneous between pH 5.4 and 7.20.”
Address: Lab. of the Foundation for Chemical Research,
Biochemical Institute, Helsinki, Finland.
975. Holmberg, Sven A. 1950. Sojabönodlingens möjligheter
och berättigande i vårt land: Några erfarenheter från
förädlingsarbeten och försök vid Fiskeby [The possibilities
of soybeans in our land (Sweden): Some experiences of
research and breeding at Fiskeby]. Kungliga Skogs- och
Lantbruksakademiens Tidskrift (J. of the Royal Swedish
Academy of Agriculture and Forestry) 89(5-6):460-68.
English-language summary in Soybean Digest (May 1951, p.
36) as “Native soys in Sweden.” [6 ref. Swe; eng]
• Summary: “Attempts to grow foreign soy bean varieties
in Sweden have not been successful. Hybridization and
selection for adaptation to Swedish climate have resulted
in a large number of strains which ripen as far north as
Norrköping,” north latitude 58º30’. Day length is no longer
an obstacle to soy bean growing in Sweden. “Three soy
bean strains of the variety 201-14 (Fiskeby III) show a
mean yield during 4 years (1946-1949) at 2 stations in the
districts of Östergötland and South Kalmar of about 1,800
kg/ha (27 bushels per acre). A comparison between soy bean
test results in Sweden (for group 201-14) and in the U.S.A.
(for group 0 and group I) will show little or no difference
in bean yield and protein content, but American tests give
about 4 per cent more oil. Only edible types of soy beans are
of interest for growing in Sweden. The Swedish edible soy
bean variety 201-14 (Fiskeby III) has found usage for food
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principally in the Swedish Army. A suitable growing district
for Swedish soy beans and some experience in soy bean
culture is to be found in the district of South Kalmar. The
chief aim of our soy bean breeding is further increase in bean
yield, while retaining present standard of edible quality and
early maturity.”
Although most attempts to grow foreign soy bean
varieties in Sweden have been unsuccessful, a selection
of a cross between a north Japanese and a German variety
will ripen seed as far north as 50º30’ in Sweden. Address:
Fiskeby, Sweden.
976. Mederski, Henry John. 1950. Relation of varying
phosphorus supply to dry matter production, and to nitrogen
and phosphorus partition during the development of the
soybean plant. PhD thesis, Ohio State University. 100 leaves.
Abstracted in Dissertation Abstracts 64:361-363 (1953).
• Summary: “The art of successfully fertilizing soybeans is
relatively undeveloped because the basic information on the
mineral requirements of the soybean plant is lacking. The
results of numerous and extensive fertility experiments on
soybean fertilization have demonstrated that, in comparison
with corn and wheat, the soybean responds poorly to direct
applications of mineral fertilizers. There have been relatively
few substantial and consistent increases of soybean yield
from direct mineral fertilization.
“This study was undertaken to investigate the relation
of varying phosphorus supply to dry matter production, and
nitrogen and phosphorus content during the development of
the soybean plant.
“In a preliminary experiment in 1948, soybeans
were grown outdoors in gravel cultures. The object of the
experiment was to test the effect of depriving soybean
plants of phosphorus after this element had been supplied in
solution during the period from seedling emergence to early
flowering.
“The results of the experiment indicate that those plants
grown in solutions devoid of phosphorus from flowering to
maturity did not produce a bean yield significantly different
from the yield produced by plants supplied with phosphorus
from the time of seedling emergence to maturity.
“Although the absence of phosphorus from the gravel
culture after the plants began to flower did not affect the
yield of beans, it did reduce the per cent and total quantity
of phosphorus in the plant. Based on the results of the
preliminary experiment, a second experiment was conducted
in 1949 to find the period during which phosphorus could
be withheld from the soybean plants without significantly
reducing the quantity of beans produced by the plant.
“It was also desired to determine whether the
concentration of phosphorus in solution is related to the
minimum length of time phosphorus must be supplied to
secure optimum yields.
“Soybeans were grown in gravel culture with

phosphorus at an initial concentration of 45 ppm. throughout
the first 2, 4, 6, and 8 weeks of growth, and throughout the
life of the plant respectively. Soybeans were also grown in
cultures with phosphorus at an initial concentration of 5 ppm.
for the first 8 weeks of growth, and with a continual supply
of phosphorus from seedling emergence to maturity at this
same low concentration. All solutions were renewed each 2
weeks. No mineral adjustments were made between solution
changes after supplying phosphorus during the designated
period of time; the complete solutions were replaced with
solutions devoid of phosphorus and the plants were allowed
to grow to maturity.
“The bean yields on the treatments which supplied the
relatively high concentration of phosphorus indicate that
soybeans can accumulate sufficient phosphorus during the
first 8 weeks of growth, or from seedling emergence to the
beginning of seed formation, to produce a yield of beans
which is not statistically different from that produced by
plants receiving a supply of phosphorus throughout their
life. When phosphorus was supplied at the relatively low
concentration for the first 8 weeks of growth, however, there
was a highly significant reduction of the yield of beans as
compared with those of plants which received the same low
concentration throughout the life of the plant. The results of
the experiment also indicate that the soybean can utilize to
advantage suboptimum quantities of phosphorus supplied
after the seeds begin to form in the pods.
“The results also show that the amount of phosphorus
in the aerial portion of the plant increases throughout the
life of the plant, provided there is a continuous supply of
phosphorus in solution. When the supply of phosphorus in
solution is limited, the amount of phosphorus in the plant
increases steadily in more or less direct proportion to the
length of time phosphorus is initially supplied. A calculated
balance of accumulation of phosphorus shows that there
may be a translocation of phosphorus from the leaves and
stems to the developing fruit. The quantity of phosphorus
translocated is large when the phosphorus available to the
plant is limited, and is relatively small when an abundant
quantity of phosphorus is supplied to the plant.
“It was found that phosphorus deficient soybean plants
contain a higher percentage of total nitrogen and water
soluble nitrogen than the plants which were supplied with
a relatively high concentration of phosphorus. The total
quantity of nitrogen accumulated by the plant continued
to increase throughout the life of the plant regardless of
the nature of the treatment. The data indicate that a large
amount of nitrogen was translocated from the vegetative
portions to the fruit on those plants supplied with a relatively
low concentration of phosphorus. When the phosphorus
supply was not limited, most of the nitrogen in the young
developing fruit came from the substrate, and little or none
was translocated from the leaves and stems.
“Among the treatments employed, the ratio of water
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soluble nitrogen to total nitrogen was largest in the most
phosphorus deficient plants and smallest in those plants
supplied with a relatively abundant quantity of phosphorus
throughout their life. The data show that a smaller percentage
of the total nitrogen is converted to insoluble forms when a
deficiency of phosphorus exists in the plant tissue.
“The relationships of varying phosphorus supplies to
percentage of germination and vigor of the progeny from the
plants grown in the respective treatments were measured.
Mature seeds harvested from plants grown in the varying
phosphorus treatments were planted in gravel culture and
were irrigated with rain water until the seedlings were 18
days old. The experiment showed that the growth conditions
to which the parent plant is subjected have an influence
upon both the percentage of germination and the vigor of
the progeny. In general, as the initial period during which
phosphorus was supplied to the parent plant increased, the
dry weight of the seedlings produced by the progeny also
increased. With the exception of seed from parent plants
deprived of phosphorus after the first 2 weeks following
emergence, the percentage of seeds which germinated was
unaffected when the phosphorus supplied to the parent plant
was varied as indicated.” Address: Dep. of Agronomy,.
977. Milner, Max. 1950. Biological processes in stored
soybeans. In: K.S. Markley, ed. 1950. Soybeans and Soybean
Products. Vol. I. New York: Interscience Publishers or John
Wiley & Sons. xvi + 1145 p. See p. 483-501. [50 ref]
• Summary: Contents: 1. Introduction. 2. Hygroscopic
equilibrium. 3. Effect of storage conditions: Effect on
germination, effect of atmosphere, effect on composition.
4. Respiration in relation to deterioration: Role of
microorganisms, spontaneous heating, seed metabolism
as a factor in deterioration. 5. Prevention of deterioration:
Importance of drying for preservation, use of gaseous agents,
use of solid chemical agents, storage under inert atmosphere.
Address: Dep. of Milling Industry, Kansas State College,
Manhattan, Kansas.
978. Mitchell, H.H. 1950. Nutritive factors in soybean
products. In: K.S. Markley, ed. 1950. Soybeans and Soybean
Products. Vol. I. New York: Interscience Publishers or John
Wiley & Sons. xvi + 1145 p. See p. 383-422. Chap. 10. [204
ref]
• Summary: Contents: 1. Introduction. 2. Available energy.
3. Available protein: Chemical considerations, protein
quality, protein efficiency ratio of raw soybean proteins,
digestibility of raw soybean proteins, biological value of
raw soybean proteins, effect of heat on protein availability
(over-all nutritive effect, digestibility of protein, clarification
of the digestibility effect, biological value). 4. Net protein
value of soybeans. 5. Vitamins: Vitamin content of soybeans
(thiamine, riboflavin, niacin, pyridoxine, pantothenic acid,
biotin, ascorbic acid, inositol), availability of vitamins

in soybeans. 6. Minerals and their availability: Mineral
content (trace: molybdenum, boron, nickel, zinc, silicon,
silica), mineral availability (calcium, phosphorus, iron).
7. Conutrilites: Pronutrilites [beneficial phytochemicals],
antinutrilites: (protein utilization, vitamin A potency,
goitrogenicity, antinutrilites in other foods {cabbage, green
alfalfa, raw egg white, etc.}). 8. Summary.
Note: This is the earliest and only document seen (Nov.
2020) that uses the terms “conutrilites,” “pronutrilites,”
or “antinutrilites”; the author was one of the first to see
a need for this type of terminology. By 1958 the term
“antinutritional factors” started to be used for what Mitchell
called “antinutrilites,” and in 1984 the word “antinutrients”
started to be used as a shorter way to say the same thing. In
the 1990s the word “phytochemicals” came to be used for
what Mitchell called pronutrilites. Address: Div. of Animal
Nutrition, Univ. of Illinois, Urbana, IL.
979. Welch, C.D.; Hall, N.S.; Nelson, W.L. 1950. Utilization
of fertilizer and soil phosphorus by soybeans. Proceedings–
Soil Science Society of America 14(C):231-35. [7 ref]
• Summary: “Thirty days after planting 96% of the
phosphorus in the soybean plants was derived from
phosphorus fertilizer applied to the previous crop of Irish
potatoes at the rate of 500 pounds per acre.
“Increased production of dry matter and in some
instances of seed yields were brought about by applications
of phosphorus.” Address: Dep. of Agronomy, North Carolina
Agric. Exp. Station, Raleigh, N.C.
980. Williams, L.F. 1950. Structure and genetic
characteristics of the soybean. In: K.S. Markley, ed.
1950. Soybeans and Soybean Products. Vol. I. New York:
Interscience Publishers or John Wiley & Sons. xvi + 1145 p.
See p. 111-34. [35 ref]
• Summary: A comprehensive review of the subject.
Contents: 1. Introduction. 2. Botanical name of the soybean.
3. Soybean seed: Description, morphology and anatomy,
germination, shape and size, color of the seed coat, other
seed coat characters. 4. Root: Description of the root system,
nodulation. 5. Stem: Development of the stem and branches,
types, anatomy. 6. Pubescence: Types, color. 7. Leaf: Shape
and size, color, leaf abscission, anatomy. 8. Morphology
and anatomy of the flower: Description, color. 9. Pod:
Dehiscence, shape and size, color. 10. Maturity. Address:
U.S. Regional Soybean Lab., Univ. of Illinois, Urbana, IL.
981. Bond, George. 1951. Symbiosis of leguminous plants
and nodule bacteria. IV. The importance of the oxygen factor
in nodule formation and function (Open Access). Annals of
Botany 15(1):95-108. Jan. New Series. [13 ref]
• Summary: Experiments with soya-beans.
“Abstract: Nodulated plants of soya-bean have been
grown in culture solutions lacking combined nitrogen and
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in continuous contact with oxygen / nitrogen gas mixtures
containing 21, 12, and 5 per cent, oxygen respectively.
Reductions of oxygen content led to reductions in dry weight
and in fixation of nitrogen.
“Somewhat similar but smaller effects on dry weight
were observed with non-nodulated plants supplied with
ammonium-nitrogen, but such plants supplied with nitratenitrogen grew equally vigorously at all three oxygen levels, a
result regarded with some reservation.
“The weight of nodules per plant was markedly reduced
by curtailment of oxygen, but the number was unaffected,
indicating that the earlier stages in nodule formation are not
specially sensitive to oxygen supply. The greater effect of
oxygen reduction on nodulated plants appears to be exerted
on the process of fixation or on associated processes such
as nodular respiration.” Address: Botany Dep., Univ. of
Glasgow [Scotland].
982. Clark, Harold E.; Freiberg, Samuel R. 1951. Some
effects of concentration of 2,4-D and pH of solution upon
plant responses. Northeast Weed Control Conference
Proceedings 5:19-27. Held 3-5 Jan. 1951, Hotel New Yorker,
New York City. [17 ref]
• Summary: On the title page of this volume: “Proceedings
of the Fifth Annual Meeting. Northeastern Weed Control
Conference.”
Conclusion: When soybean plants were treated with
2,4-D added to nutrient solutions in which the plants were
growing, responses occurred which suggested that a rapid
systemic distribution of 2,4-D within the plant followed
absorption of the compound by the roots. The pH of the
nutrient solution during exposure to 2,4-D influenced the
intensity of responses shown, presumably by influencing the
rate of absorption of the compound.
“Both stimulating and inhibiting effects were noted.”
Address: 1. Prof.; 2. Research Fellow. Both: Plant
Physiology Dep., New Jersey Agric. Exp. Station and
Rutgers Univ., New Brunswick, New Jersey.
983. Sheldon, V.L.; Blue, Wm. G.; Albrecht, Wm. A. 1951.
Biosynthesis of amino acids according to soil fertility. I.
Tryptophane in forage crops. Plant and Soil 3(1):33-40. Jan.
[12 ref]
• Summary: In alfalfa, soybean, and redtop hays,
tryptophane varied according to the inorganic composition of
the substrate on which they were grown. This article starts:
“Our complete dependence on plants for their synthesis of
many amino acids calls for our best efforts to explain the
biosynthesis of these vital substances. The two fundamental
concepts, namely, (a) that proteins are composed of amino
acids, and (b) that the construction of these protein particles
occurs only when all the requisite building stones are
present, includes the major share of our knowledge about
protein synthesis.”

“Summary: Summary A microbiological assay for
tryptophane, as a required amino acid for the diet of the
white rat, in alfalfa (Medicago sativa), soybean (Soja max),
and redtop (Agrostis stolonifera major) hays, showed that
this organic substance of particular food value varied widely
according to the inorganic composition of the substrate
upon which the plants synthesizing it were grown. The
formation of tryptophane was found to be proportional to the
available boron when this anion was the limiting element in
the culture solution. Tryptophane synthesis was decreased
when magnesium, boron, manganese, and iron were withheld
from solutions offered alfalfa and soybeans. Increasing
the calcium increased the production of this amino acid...”
Address: Univ. of Missouri, Columbia, Missouri.
984. Nugent, T.J.; Fenne, S.B.; White, W.C. 1951. Seed
treatment and seed inoculation studies with soybeans. Plant
Disease Reporter 35(2):82-83. Feb. 15.
• Summary: “In order to check the effect of combining seed
inoculation and seed treatments to soybeans, a field test
was made at Norfolk, Virginia in 1950. A bulk lot of Ogden
soybean seed was divided into four parts, two parts of which
were treated with Arasan (3 ounces per 100 lbs.), and two
parts of which were left untreated. On May 9 one lot of
each of the treated and untreated seed was inoculated with
Nitragin and all treatments planted immediately afterwards.
The soy beans were planted 3 inches apart in rows 3½ feet
apart. Each treatment was replicated (100 seed per replicate)
four times in a Latin square arrangement. This Latin square
was duplicated and the data, as given in the following tables,
are averages of the two Latin squares (eight replications).”
“Conclusions: The use of the Arasan seed treatment
significantly increased the stand counts of the soybeans in
this test. Rood nodulation was heavier on the plants grown
from seed which had been inoculated with Nitragin just
prior to planting. Although Arasan plus Nitragin increased
the average acre yield approximately one bushel over the
control and about two bushels over Nitragin alone, the
yield differences between treatments were not significant.”
Address: Extension Service, Virginia Polytechnic Inst.,
Blacksburg.
985. Longstaff, Wm. H.; Graham, E.R. 1951. Release of
mineral magnesium and its effect on growth and composition
of soybeans. Soil Science 71(3):167-74. March. [11 ref]
• Summary: This article begins: “The value to crops plants
of a high level of exchangeable magnesium in the soil has
become evident in certain soil regions. It has also been
recognized that systems of soil and crop management
bringing about high productivity tend to decrease the
natural supply of magnesium in the soil. On some soils high
yields have not been obtainable until the natural supply of
magnesium has been increased. In only a very few instances
has the supply of exchangeable magnesium been found to be
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too high for normal plant growth.”
“The purpose of this study is to investigate the
release and availability of magnesium from five common
magnesium-bearing minerals and to determine the effect
of the magnesium made available on the growth and
composition of soybean plants.” Address: Univ. of Missouri.
986. Nagata, T. 1951. [On the effect of early pinching upon
the growth of and yield of soybeans (Preliminary report)].
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 19(3/4):323-26. March. [7 ref. Jap;
eng]
• Summary: Abstract: “Five varieties including three types
of summer vs. autumn growing habit (summer, intermediate
and autumn types) and two types of twining habit (true
twining and special non-twining types) were used. The
effects of pinching the terminal bud retaining four compound
leaves were examined and the following facts were found.
“1. In most varieties, the pinching operation inhibited
the growth of plants, but in some varieties it slightly
increased the seed yield.
“2. The effect of pinching showed some varietal
differences as follows;
“a. The degree of inhibition of growth by pinching
were large in the summer type, small in the autumn type
and medium in the intermediate type, while the degree of
increase of yield by pinching was quite reversed to the
degree of inhibition above mentioned.
“b. In the two twining types the pinching severely
inhibited the growth and decreased the seed yield. With the
autumn type the effect of pinching expressed in the growth
of top and root of plants was observed at the several periods
of growth, and were found the following facts:
“1. The pinching inhibited the growth of top and root
expressed in both fresh and dry weight.
“2. The above effect of pinching appeared in the growth
were gradually recovered with the advance of growth.”
Address: Faculty of Agriculture, Kochi Univ.
987. Okamoto, Y. 1951. [Effect of soil moistures on
development of the soybean seeds. (Preliminary report)].
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 19(3/4):315-18. March. [9 ref. Jap;
eng]
• Summary: The investigation of the effect on growth and
yield of soybean by soil moistures, 90-100%, 65-75%, 3545%, at the second period of growth or maturation period,
was investigated in 1948.
“The applied soybean variety was Norin No. 1 and the
investigation was investigated by pots.
“Soil moisture contents were kept in 50-60% similarly
from the seeding period, and the soil moisture contents above
described were kept since three days ago from the flowering
period given, and were kept up to the yield period.

“The results were observed that the dry matter of top
in air were in order 65-75% plot > 35-45% plot > 90-100%
plot, and that of root were 65-75% plot > 90-100% plot > 3545% plot.
“65-75% plot- was largest on the dry matter of top and
root in air. Top-root ratio were in order 35-45% plot > 6575% plot > 90-100% plot. The development of roots on 6575% plot was particularly poor.
“As the stem weight and the diameter of stem base, 6575% plot was largest and 35-45% plot was the smallest. Soil
moisture content was the smaller, number of vascular bundle
of stem was the larger.
“As number of pod and weight of pods per plant and
weight of seed, 65-75% plot > 35-45% plot > 90-,100% plot.
“Oil content of seed was in order 90-100% plot > 6575% plot > 35-45% plot, and protein content of seed was
opposite.
“From the view-point of the result of investigation, it
seems that the most suitable soil moisture content to growth
of soybean at the second period of growth and maturation
period is about 65-75%.
“As oil and protein content of seed, 65-75% plot is
in second order, but the differentiation from the other two
plots is comparatively small, and from the view-point of the
yield of these composition, too, about 65-75% soil moisture
content is most sutable.”
988. Onishi, K. 1951. [Studies on the ecotypes of soybean
varieties. (Preliminary report). Experiment on the detection
of typical short-day type by high temperature cultivation].
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 19(3/4):319-22. March. [6 ref. Jap;
eng]
• Summary: “1. 20 varieties of soybean were sown in green
house and field of Tokyo Agricultural Experiment Station.
Sowing times were May 4, May 24 and June 13 in the field
and May 24 in the green house. The maximum and minimum
temperature of the field, green house and their differences are
shown in Table I.
“2. For the purpose of determining the ecotypes of
soybean varieties, the dates of first blossoms and the times
from sowing to the first blossoms of the field and the green
house are compared in Table II.
“3. The times from sowing to first blossoms of 2
varieties (Okumame and Kanagawa Kosamame) were not
shortened by the high temperature of the green house. They
were completely controlled by the day length, so they are the
typical short-day type (so-called autumn type).
“4. Independent type (so-called summer type) were not
detected. They must be determined by other methods which
will be reported in near future.”
989. Fukui, J.; Ito, R.; Uchiyama, Y. 1951. [Influence of
soil moisture content on the growth and yield of soy-bean.
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III. Influence of high and low level of underground water
upon the growth and yield of soy-bean]. Kanto-Tosan Nogyo
Shikenjo Kenkyu Hokoku (J. of the Kanto-Tosan Agricultural
Experiment Station) 1:9-14. May. [9 ref. Jap; eng]
Address: Kanto-Tosan Agric. Exp. Station, Konosu, Saitama
prefecture, Japan.
990. Hunt, Gordon E. 1951. A comparative chromatographic
survey of the amino acids in five species of legume roots and
nodules. American J. of Botany 38(6):452-57. June. [15 ref]
• Summary: Seneca soybeans and four other legumes were
studied.
“Summary: The ninhydrin-sensitive substances in five
species of legume roots and nodules were qualitatively
surveyed at various stages of growth by means of paper
partition chromatography. Twenty-four compounds were
identified and eleven unknown substances were mapped
from these tissues. Five of the latter appeared to be unique
for the nodular tissue. Of the five, three had mobilites similar
to that of the valine and gamma-hydroxyleucine. It was
suggested that this might indicate that compounds similar to
valine or the leucines were involved in the normal nitrogen
assimilation in the root of the legume.” Address: Dep. of
Botany, Cornell Univ., Ithaca, New York.
991. Lathwell, D.J.; Evans, C.E. 1951. Nitrogen uptake
from solution by soybeans at successive stages of growth.
Agronomy Journal 43(6):264-70. June. [21 ref]
• Summary: This study was conducted in order to obtain
further information about the nitrogen requirements of the
soybean. The plants “were grown to maturity in sand cultures
supplied with a nutrient solution in which the level of
nitrogen was varied.”
“Even though the soybean is a legume it has been
supposed that the amount of nitrogen fixed by the symbiotic
bacteria falls far short of meeting the nitrogen needs of the
plant.”
“In these experiments, the soybean plant did not
accumulate enough nitrogen up to the midbloom stage to
suffice for its subsequent growth. The data indicated that
high levels of available nitrogen were necessary during
the bloom period for maximum yields. The yield of beans
was very closely correlated with the amount of nitrogen
accumulated by the plant throughout the life cycle. There
was little relation between the percentage nitrogen content
of the plant and yield. Apparently yield was determined by
the number of pods retained by the plant, and this in turn
was determined by the level of nitrogen available to the plant
during the bloom period.” Address: Dep. of Agronomy, Ohio
Agric. Exp. Station, Wooster, OH.
992. Aronoff, S. 1951. Metabolism of soybean leaves. III.
The organic acids produced in short-time photosynthesis.
Archives of Biochemistry and Biophysics 32(2):237-48. July.

[8 ref]
• Summary: “Summary: 1. The primary organic acids
produced in short-term photosynthesis (5-90 seconds) are
glyceric acid, 2- and 3-phosphoglyceric acid, and probably
diphosphoglyceric acid.
“2. The degradation data of these acids suggest that they
arise independently by a condensation of 2-carbon units with
a 1-carbon unit. The possibility that previous interpretations
may have neglected the time factor in the equilibration of
carbon dioxide has been shown to be immaterial.
“3. The interrelation of these data with current schemes
has been discussed.” Address: Dep. of Botany, Iowa State
College, Ames.
993. McAlister, Dean F.; Krober, Orland A. 1951.
Translocation of food reserves from soybean cotyledons
and their influence on the development of the plant. Plant
Physiology 26(3):525-38. July. [14 ref]
• Summary: “This study was initiated to determine the
quantitative relationships between the various reserve
constituents in soybean seeds as they are used by the
developing seedling, and the effect of removal of the food
supply contained in the cotyledons on subsequent growth
of the plants. Many investigations have dealt with the
transformations which occur in the reserve food materials in
seeds of crop plants as germination proceeds. Few studies,
however, have been concerned with the rate of transfer of
these foods to the seedling.
“No reports have been found in the literature on
how long the seedling is dependent on the reserves in
the cotyledons for successful establishment and later
development. This information was desired for use in
mineral nutrition studies on soybeans particularly where
the effects of limiting levels of some of the major nutrients
are being investigated. At starvation levels of nutrition, it
was felt that the amount of a particular element supplied by
the cotyledons may be sufficient to influence experimental
procedure.”
“Contribution No. 210 from the U.S. Regional Soybean
Laboratory, Division of Forage Crops and Diseases, Bureau
of Plant Industry, Soils and Agricultural Engineering,
Agricultural Research Administration, U.S. Department
of Agriculture, Urbana, Illinois.” Address: U.S. Regional
Soybean Lab., Urbana, Illinois.
994. Ouelette, G.J. 1951. Iron-manganese interrelationships
in plant nutrition. Scientific Agriculture (Ottawa, Canada)
31(7):277-85. July. [16 ref]
• Summary: Summary: “(1) A concentration of 2.5 p.p.m.
of manganese in the nutrient solution was toxic to plants
when the iron concentration was low, and not toxic when the
iron concentration was high. No iron toxicity was observed
with soybeans, even with 60 p.p.m. of this element in the
nutrient solution. Manganese deficiency was brought about
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by increasing the iron concentration in the nutrient solutions
having low manganese concentrations.
“(2) The rate of uptake of manganese by soybeans is
very nearly proportional to the supply of this element in the
nutrient solution, whereas the rate of uptake of iron remains
approximately constant when the concentration of this
element in the tissue reaches about 300 p.p.m.
“(3) Soybeans grew without nutritional abnormalities in
nutrient solutions in which the ratio of soluble iron to soluble
manganese ranged from 5 to 1 to 100 to 1, providing that
the concentration of manganese in the nutrient solution was
above 0.1 and below 2.5 p.p.m., and the iron concentration
above 2.5 p.p.m. However, maximum yields were obtained
with ratios lying within narrower limits than those allowed
to avoid nutritional abnormalities.” Address: Dominion
Experimental Station, Ste. Anne de la Pocatière, Quebec.
995. Hammond, L.C.; Black, C.A.; Norman, A.G. 1951.
Nutrient uptake by soybeans on two Iowa soils. Iowa
Agricultural Experiment Station, Research Bulletin No. 384.
p. 460-512. Aug. [31 ref]
• Summary: “Summary: The rates of dry matter production
and of nitrogen, phosphorus, potassium, calcium and
magnesium absorption were determined by measurements on
samples of unfertilized, inoculated, soybean plants harvested
periodically throughout the 1946 season from two different
areas in the same field. One area was located on Webster
silt loam, and the other was located on Clarion loam. The
Webster soil contained larger amounts of available nutrients
than did the Clarion soil, but both soils were relatively well
supplied with the nutrients under examination except for
phosphorus, which was low in the Clarion soil.
“The weather conditions were favorable for the growth
of soybeans. The acre yields of beans were 43.0 and 25.9
bushels on the Webster and Clarion soils, respectively.
“Nitrogen was absorbed in greater amounts than
were any of the other nutrient elements studied. Analyses
indicated the presence of 184 pounds of nitrogen per acre in
mature soybean plants on the Webster soil. The maximum
absorption rate of 4.4 pounds per acre daily occurred
during the interval 94 to 101 days after planting. There was
considerable redistribution of the nitrogen within the plant
in the latter part of the season. During the period from the
eighty-seventh day to maturity at 135 days, the total nitrogen
content of the plant increased 48 pounds per acre, but the
nitrogen content of the seeds and pods increased 121 pounds
and that of the remainder of the plant decreased 73 pounds.
Nitrogen was also lost from the pods. On the one-hundredeighth day, the pods contained 18 pounds of nitrogen per
acre, and at maturity on the one-hundred-thirty-fifth day
they contained only 7 pounds. In the mature plants, the
distribution of the total nitrogen was 4 percent in the stems
and roots, 12 percent in the leaves, 4 percent in the pods and
80 percent in the grain.

“Phosphorus was absorbed in smaller amounts
than were any of the other elements investigated. The
mature plants on the Webster soil contained 17 pounds of
phosphorus. The maximum absorption rate of 0.35 pound
per acre daily occurred during the interval 80 to 87 days
after planting. The behavior of phosphorus paralleled that
of nitrogen, both nutrients showing considerable transfer to
the developing seeds and pods. During the period from the
eighty-seventh day to maturity at 135 days, the total amount
of phosphorus in the plant increased 4.6 pounds per acre,
but the phosphorus content of the seeds and pods increased
11.4 pounds and that of the vegetative portion of the plant
decreased 6.8 pounds. In the mature plants, the distribution
of the total phosphorus was 4 percent in the stems and roots,
10 percent in the leaves, 4 percent in the pods and 83 percent
in the grain.
“Potassium was absorbed to the extent of 56 pounds
per acre on the Webster soil. The maximum absorption rate
was 1.7 pounds per acre daily during the interval 87 to 94
days after planting. From the eightieth day to maturity at
135 days, the total potassium content of the plants increased
24 pounds, but the potassium content of the seeds and pods
increased 46 pounds and that of the vegetative portion of
the plant decreased 22 pounds. In the mature plants, the
distribution of the total potassium was 5 percent in the stems
and roots, 6 percent in the leaves, 17 percent in the pods and
72 percent in the grain.
“Calcium was absorbed in amounts second only to
nitrogen. The mature plants contained 105 pounds of calcium
per acre on the Webster soil. The maximum absorption rate
of 2.8 pounds per acre daily occurred during the interval
73 to 80 days after planting. In contrast to the behavior of
nitrogen, phosphorus and potassium, the amount of calcium
in the vegetative portion of the plant increased during the
development of the seeds and pods. There was but little
movement of calcium to the grain. In the mature plants, the
distribution of the total calcium was 9 percent in the stems
and roots, 77 percent in the leaves, 8 percent in the pods and
6 percent in the grain.
“Magnesium was absorbed to the extent of 6.6 pounds
per acre by the plants on the Webster soil. The maximum
absorption rate of 1.5 pounds per acre daily occurred during
the interval 73 to 80 days after planting. With magnesium, as
with calcium, the rate of uptake from the soil exceeded the
rate of transfer to the seed, so that the magnesium content of
the vegetative portion of the plant increased during the time
the seeds and pods were developing. In the mature plants, the
distribution of total magnesium was 15 percent in the stems
and roots, 66 percent in the leaves; 9 percent in the pods and
11 percent in the grain.
“Although the yield of soybeans was much lower on the
Clarion soil than on the Webster soil, the composition and
behavior of the plants on the two soils was similar in most
respects. The major difference was with phosphorus, which
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was evidently deficient in the plants on the Clarion soil. As
the plants increased in age, the phosphorus percentage in
plants on the Clarion soil became progressively lower than
that in plants on the Webster soil. During grain formation,
there was a relatively greater translocation of phosphorus
from the vegetative portion of plants on the Clarion soil
than on the Webster soil. The phosphorus percentage in the
grain was 0.44 on the Clarion soil and 0.60 on the Webster
soil. The percentages of other nutrients in the grain showed
practically no difference between soils.” Address: Dep. of
Agronomy, Ames, Iowa.
996. Leopold, A.C. 1951. Photoperiodism in plants.
Quarterly Review of Biology 26(3):247-63. Sept. *
• Summary: “Length of day has a profound effect on
many developmental functions of plants. The existence of
this extremely subtle factor in the environment was first
recognized by Klebs in 1918. The extent of biological impact
of day length as a factor in plant development was first
demonstrated by Garner and Allard in 1920. They introduced
the term photoperiodism to cover the developmental
responses of plants to day-length. Since then, many
workers have helped to clarify the principles governing the
photoperiod responses,...” Address: Purdue Univ., Lafayette,
Indiana.
997. Nakayama, H. 1951. [A note on the sterility of
soybean]. Nogyo Oyobi Engei (Agriculture and Horticulture)
26(8):894. Sept. [Jap]*
998. Parker, M.W.; Borthwick, H.A. 1951. Photoperiodic
responses of soybean varieties. Soybean Digest. Sept. p. 2628, 30.
• Summary: “Flowering of soybean plants depends very
largely on the number of hours of darkness they receive each
day. Plants of many varieties are completely incapable of
forming flower buds unless they receive 10 or more hours of
darkness daily and plants of all varieties flower much more
quickly with daily dark periods of 14 to 16 hours than with
shorter ones. This reaction of soybeans to daily duration
of darkness has been known for a little over 30 years. It
was discovered by W.W. Garner and H.A. Allard, two
Bureau of Plant Industry scientists, who found that Biloxi
soybeans could be made to flower at Arlington, Virginia, in
midsummer if they were subjected daily to short days and
long nights. These workers, impressed with the fact that light
was acting in some peculiar way to control flowering called
the phenomenon ‘photoperiodism,’ a term meant to attach
special significance to the daily duration of light, i.e., the
length of day. This emphasis on the importance of the length
of the daily light period continued until about a decade ago,
when experiments showed that the daily duration of darkness
was the controlling factor.
“Since its discovery our knowledge of photoperiodism

has been greatly increased by studies made in various parts
of the world. Flowering of many kinds of plants was found
to be photoperiodically controlled. Some flowered only when
days were short and nights were long. These were called
‘short-day’ plants. Others flowered best with long days and
short nights and were, therefore, called ‘long-day’ plants.
Still other kinds flowered equally well on all day-lengths and
were designated as ‘indeterminate’ or ‘day-neutral.’ Shortday plants include such well-known crop plants as soybean,
strawberry, hemp, millet, sorghum, and chrysanthemum,
while spinach, beet, and cereals such as wheat, oats, barley,
and rye are representatives of the long-day type. Tomato and
many varieties of green beans are typical examples of the
indeterminate class. A fourth class contains a limited number
of plants that flower only on intermediate daylengths. Sugar
cane is an outstanding example of this ‘intermediate’ group.
“Practical Applications: Immediately after
photoperiodism was discovered many very practical ways
were found to make use of it to improve methods of crop
production. Plant breeders, for example, were able to
make early and late varieties bloom simultaneously as was
necessary if crosses between them were made. By artificially
controlling the day-length, breeders of some crop plants
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could produce several generations per year, thus speeding up
production of new varieties. Artificial control of daylength
for greenhouse-grown crops such as chrysanthemum is now
being practiced very extensively and florists are able to
produce these flowers every week of the year. It is reported
that in Hawaii light is being used in sugar cane fields to keep
the plants vegetative so that they will continue to produce
new leaves for manufacture of sugar and new joints of
cane for its storage. These are only a few of the somewhat
spectacular ways in which knowledge of photoperiodism
benefits growers of many kinds of plants either directly or
indirectly.
“Although it seems improbable that the soybean grower
will find it profitable to use artificial light on a field basis
to control the flowering and fruiting of his crop he benefits
from an understanding of photoperiodism in other ways. He
cannot escape the fact that he is growing a crop each variety
of which has very specific daylength requirements. These
daylength requirements are so specific, in fact, that the best
performance of some varieties is restricted to zones little
more than 50 miles wide in the north and possibly somewhat
wider in the south. Although other environmental factors
have their effects on development of the crop, daylength is in
most cases the dominating one for soybeans.
“Differences in the rate of development of early and late
plantings of a variety in a particular region result from the
photoperiodic reaction. It has been noted, for example, that
plants from successive weekly plantings made in the first
part of the season may finally bloom almost simultaneously,
particularly if they are grown in middle or northern
latitudes. In southern latitudes early planted lots may flower
prematurely before the short days of spring have lengthened
sufficiently. In northern or central latitudes, however, they
bloom as soon as the nights increase to a length required
for that particular variety. Early planted lots thus have a
longer period in which to vegetate than late planted ones.
When nights of adequate length are reached plants of the
earliest lots are accordingly largest, have the most places
at which flowers can be formed, and thus produce the most
pods per plant. These facts must be taken into consideration
if field conditions make unusually late planting necessary.
An increased rate of planting of the variety or selection of
another variety having a different photoperiodic requirement
may partially counteract this effect of day-length.
“Daylength response may conceivably be a factor in the
production of seed of forage types of soybeans. Growing of
such varieties in latitudes south of those to which they are
best adapted as a forage crop results in development of a
shorter less vining type of plant that is easier to thresh.
“These are only a few ways in which the photoperiodic
responses of soybeans are used by research workers and
commercial growers to produce better varieties and better
yields from existing varieties.
“Leaf, the Sensitive Part: Although we do not

understand fully how photoperiod operates in plants to
regulate flowering and fruiting we now know many facts
about it that were not available a few years ago. About 1935
it was discovered that daylength treatments must be applied
to the leaves of a soybean if the plant is to flower. This
was learned by placing only the leaves in darkness in late
afternoon and returning them to light the next morning, thus
giving them long dark periods but letting all other parts of
the plant receive short dark periods. In other lots the stem
tips on which the flowers are formed were subjected to long
dark periods and the leaves to short ones. Treatment of the
stem tips had no effect but treatment of the leaves invariably
caused flowering. It was subsequently found that subjection
of only one of the leaves of a plant to long dark periods was
adequate to cause floral initiation.
“Further evidence of the importance of leaves was
obtained from grafts between plants of Biloxi and Agate.
The Biloxi variety is adapted to conditions in the southern
part of the United States and Agate to the northern part.
If Biloxi and Agate plants are grown with eight-hour dark
periods the Agate plant blooms but the Biloxi does not. A
single young leaf of an Agate plant grafted to a petiole of
a Biloxi plant enables the Biloxi plant to produce flowers
even though grown with eight-hour dark periods. The Agate
leaf is apparently able to make some sort of flower-inducing
substance, possibly a flowering hormone, that the Biloxi
plant is unable to make under those conditions.
“Duration of Darkness: Evidence that the length of the
dark period controls the photoperiodic reaction has come
from two types of experiments. In one the plants have been
subjected to cycles of artificial light and darkness that do not
total 24 hours. In such experiments short photoperiods have
been tested with dark periods of various lengths and long
dark periods have been tried with photoperiods of different
lengths. Flowers were formed on those lots that received
long dark periods regardless of length of photoperiod.
“In the other type of experiment plants were given
photoperiods and dark periods that were known to be
favorable to flowering but in addition they were also given
a brief period of light in the middle of the dark period. Thus
when Biloxi soybeans were grown with 12 hours of light
and 12 hours of darkness per day they promptly flowered but
when given the same treatment except for one minute of light
added in the middle of each 12-hour dark period flowering
did not occur. The great importance of the continuity of
the dark period is thus emphasized. A 12-hour dark period
each day promotes flowering but two six-hour dark periods
separated by a minute of light each day prevent flowering”
Note: This is the earliest English-language document
seen (July 2021) that contains the term “day-neutral”
in connection with the soybean. (Continued). Address:
Plant Physiologists, Bureau of Plant Industry, Soils and
Agricultural Engineering, USDA, Beltsville, Maryland.
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999. Parker, M.W.; Borthwick, H.A. 1951. Photoperiodic
responses of soybean varieties (Continued–Document part
II). Soybean Digest. Sept. p. 26-28, 30.
• Summary: (Continued): “Intensity of Light: The soybean
is sensitive to exceedingly weak artificial light. An intensity
as low as .02 foot-candle maintained throughout the 12-hour
‘dark period’ is sufficient to prevent flowering. This intensity
would be given by a 25-watt lamp without a reflector at a
distance of about 35 feet. When light is applied for only
a minute in the middle of the night its intensity need be
only 25 to 50-foot candles to keep the plants from forming
flowers. Knowledge of the relative effectiveness of different
wave lengths of light has been of much importance in giving
a better understanding of the nature of the photoperiodic
reaction and it has also been of practical use. It tells us that
light from ordinary incandescent-filament lamps is ideal for
preventing or delaying formation of flower buds, because
light from such a source contains a very high percentage of
the most effective red wave lengths.
“Quality of the light for control of flowering is of
great importance, red light being most effective. All visible
light is active in preventing flower formation but about 60
times more energy is required in the green than in the red
to prevent flowering. Blue is intermediate in effectiveness
between red and green. Infrared and ultraviolet appear to
have no direct effect on flowering of soybean.
“Other Factors: The response of soybeans to
daylengths suitable for flowering may be influenced
by other environmental factors. Low temperatures, for
example, may prevent flower bud formation even though
the photoperiodic conditions are favorable. Temperatures
of 50º to 55º F. applied just to the leaves and only during
the dark periods prevented flowering. Such temperatures
were not nearly low enough, however, to stop growth of
the plant. They apparently stopped the flower promoting
reactions that normally occur in leaves subjected to adequate
dark periods. The effectiveness of the flower promoting
reactions at higher temperatures varies somewhat with
the temperature, reaching a maximum under experimental
conditions in the greenhouse at about 80ºF. Variations in
mineral nutrition sometimes result in minor differences in
flowering response. An excess of nitrogen, for example,
may delay flowering slightly in certain varieties. In general,
however, effects of environmental factors such as these are
much less pronounced than those resulting from variation in
photoperiod.
“When plantings of soybeans are made at different dates
the plants always develop differently because environmental
conditions are never identical. Daylength, of course, changes
in a given latitude by definite known amounts from day
to day but all other factors of the environment that affect
soybean growth and development are subject to less precise
seasonal variation. In order to evaluate the approximate
interrelation of change in daylength and the other fluctuating

environmental factors two plantings of soybeans separated
by about five weeks were made at Beltsville. The first lot
was planted May 15 and the other on June 20. The varieties
selected for this experiment were Macoupin, Arksoy,
Ogden, Volstate, Palmetto and Acadian. These include
representatives of four of the nine groups of soybean
varieties recognized by soybean agronomists. They have
zoned the United States into nine regions and have selected
varieties of soybeans especially well adapted to each region.
Group 0 is for the region farthest north and Group VIII for
the most southern. Macoupin is a representative of Group IV,
the earliest type included. Arksoy and Ogden from Group
VI, Volstate and Palmetto from Group VII and Acadian,
the variety best adapted of the six to extreme southern
conditions, from Group VIII.
“Lots of plants of each planting were subjected to
photoperiods of four different lengths, namely 13, 13.5, 14,
and 14.5 hours. These photoperiods were in the range of
those encountered in the field at the usual time of planting
of most of these varieties. All lots were grown in boxes of
soil on trucks so that they could be moved into and out of
dark houses as desired. All received 13 hours of natural
light daily at the end of which they were placed in the dark
house where they immediately received additional light of
about 30 foot-candle intensity to complete their respective
light treatments. Photoperiod was thus the only factor under
control in the experiment. Temperature, rainfall and possibly
other conditions were different for the two times of planting.
“Records were taken of the locations of first flower
buds, locations of terminal inflorescences, dates of flowering,
dates when the oldest fruits were two centimeters long,
numbers of pods formed and heights of plants. The data
concerning locations of first flower buds and terminal
inflorescences are of importance because they give an earlier,
and in some respects, a more accurate measure of differences
in effectiveness of various conditions on flowering than do
dates of bloom, heights of plant or some other records.
“A soybean grows at its stem tip, forming a new
embryonic leaf and section of stem every two or three days.
Associated with the base of each leaf is a bud with a growing
tip of its own that is capable of growing and forming new
parts the same as the tip of the main stem. So long as the
plant receives long days development of new parts proceeds
as described, but if it is subjected to short days microscopic
flower buds begin to form in certain of these young buds
that are in the proper stage of, development. Vegetative buds
are formed successively from bottom to top of the main
stem and its branches. They are always present, therefore,
in several stages of formation. If a particular bud has not yet
passed a certain very early stage at the time flower-inducing
photoperiods are applied it produces one or more flower
primordia but if it is slightly further advanced it continues on
a vegetative course. If the flower-inducing stimulus of two
lots of plants differs the effect will thus be expressed as a
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difference in the location of the first induced flowers on the
main stem and its branches.
“Formation of the terminal inflorescence of the main
stem and its major branches requires more extensive
photoperiodic treatments than are needed to induce formation
of the first flower buds on the plant. In this process the
terminal meristem ceases to produce embryonic vegetative
leaves but forms instead the embryonic bracts of a terminal
inflorescence. The total number of vegetative leaves on the
plant is thus also controlled by photoperiod and becomes
a useful character for comparisons of the flower-inducing
effectiveness of different treatments.
“Most soybean varieties, when grown with eight- or
nine-hour photoperiods from the time they come up, produce
their flowers at node 5 and sometimes at node 4. As length of
photoperiod is increased the position of first flowers occurs
at progressively higher nodes on the plant. For late varieties
this change in position of first flowers resulting from a given
increase in day-length is greater than for early ones. Thus
at comparable photoperiods, flowers were formed at higher
nodes on Acadian, a group VIII variety, than on any other
variety included in this experiment (Table 1). Those on
Palmetto, a group VII variety, were second highest. Flower
buds were formed at a considerably lower node on the other
four varieties, representatives from groups IV, VI and VII,
and the differences between them were not great on any of
the photoperiods tested. At the longest photoperiod used
Acadian, the latest variety, failed to flower. The difference
in position of the flowers resulting from a given difference
in photoperiods varied with the length of photoperiods used.
Thus there was little difference in their position on Arksoy
plants grown at 13- and at 13.5-hour photoperiods, but a
large one occurred between lots grown at 14- and 15-hour
photoperiods (Table 1). Results with other varieties were
similar to those with Arksoy.
“Positions of first flower buds on comparable lots were
different for the two planting dates. They were slightly lower
on plants at every photoperiod of the June 20 planting of
Arksoy, Acadian and Palmetto and at all but one photoperiod
for Ogden. With Volstate and Macoupin the relation was
exactly opposite, flowers being at a higher position in the
June 20 planting than in that of May 15. These varietal
differences appear to have significance but they could not
be tested statistically because, the limitation of material
resulted in incomplete sampling” (Continued). Address:
Plant Physiologists, Bureau of Plant Industry, Soils and
Agricultural Engineering, USDA, Beltsville, Maryland.
1000. Parker, M.W.; Borthwick, H.A. 1951. Photoperiodic
responses of soybean varieties (Continued–Document part
III). Soybean Digest. Sept. p. 26-28, 30.
• Summary: (Continued): Although differences occurred
in position of flowers on plants of the two plantings the
differences were small in most cases relative to those

resulting from photoperiod. These differences in response
could have resulted from differences in temperature,
radiation or other factors and interactions between them.
Much wider ranges of temperature or of solar radiation than
those encountered during this experiment are incapable
by themselves of causing flowering if photoperiods are
of length unfavorable to flowering. The effects of these
other environmental factors appear to be secondary on the
photoperiod reaction itself. In this particular experiment the
average weekly minimum temperatures were 5 to 10 degrees
lower during the first four weeks for the first planting than
for the second. Total solar radiation, measured about 10
miles from the site of the experiment, was higher for the
second planting during the first two weeks and lower during
the second two weeks.
“Data for position of the terminal inflorescence were
incomplete for three of the varieties but for the other three
the differences were of the same general pattern as those
for position of first flowers (Table 1). Since Arksoy, Ogden,
and Volstate produced terminal inflorescences on every
photoperiod tested they would presumably be classed as
determinate soybean varieties. Macoupin, on the other
hand might be so classed, when grown with 13- or 13.5hour photoperiods but at longer ones would be classed as
an indeterminate variety. The term ‘indeterminate’ as here
used refers specifically to a habit of growth of a soybean
variety in which the terminal of the main stem continues to
grow throughout the season. It does not relate in any way
to the indeterminate photoperiodic response characteristic
of plants such as snap bean, tomato and others. Palmetto
was determinate on 13-hour photoperiods but not on longer
ones. It is not improbable that Acadian might have been
determinate had photoperiods shorter than 13 hours been
tested.
“The average difference in days to flower between all
lots planted May 15 and June 20 was six, the June 20 lots
blooming in the shorter time in every comparison (Table 2).
These differences, like those in positions of flower buds,
were small in contrast with those resulting from photoperiod.
Average number of days from planting to flowering for both
lots, on 14-hour photoperiods ranged from 43.6 days for
Macoupin to 96.3 for Acadian. When the six varieties are
arranged in order of increasing group number the numbers of
days from planting to flowering of the 14.5-hour lots form an
increasing series.
“The difference in days to flower resulting from the
1.5-hour difference in length of photoperiod of the 13- and
14.5-hour lots varied with variety. For Macoupin, which was
least influenced by this range of photoperiods, the difference
was 8.4 days and for Acadian, which was most influenced, it
was 50.1 days. The size of these differences for the different
varieties increased with the group numbers of the varieties.
The effects of photoperiod do not stop with the production of
flowers. The rate of development of flowers to young pods
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is also influenced. In this experiment the number of days in
most cases increased as the daylength increased (Table 3).
Lots planted on the different dates passed through this stage
of their development at different rates, those lots planted
June 20 requiring fewer days in every case than those planted
May 15. These differences, as in previous cases, were small
relative to those resulting from differences in photoperiod.
Although data were not collected observations indicated that
effects of photoperiod expressed themselves during even
later stages of pod formation and maturity.
“The average number of pods per plant increased as
length of photoperiod increased and in most cases was
greater on plants of the first planting than on those of the
second. This result was to be expected because the number of
pods produced by a plant depends to considerable extent on
the stage of development of the plant when it starts to bloom,
larger plants having more positions at which pods can be
formed.
“Height of plant increased for every variety with each
increase in photoperiod. This greater height was primarily
due to the greater numbers of internodes formed at the longer
photoperiod. There was also a height difference between lots
of the first planting and those of the second, particularly for
varieties Macoupin, Arksoy, Ogden and Volstate. For each
of these varieties the number of internodes was about the
same at comparable photoperiods for the two plantings. The
additional height of the June 20 lots therefore resulted from
greater elongation of these internodes and was probably to be
attributed to differences in temperature or light prevailing at
some stage in the development of the two plantings.
“Effects of environmental differences for a few days
during the early stages of development may have profound
effects that are not fully apparent for several weeks. One
replicate of the 13-hour lots accidentally received continuous
light for a period of about 10 days ending when the plants
were four weeks old. This replicate bloomed 11.2 days
later than the correctly timed one and required 8.1 more
days to produce pods two centimeters in length. The total
delay in production of pods of this size was thus 19.3 days.
Corresponding differences in number of pods and in heights
of plant were also observed.
“Studies Needed: Although a great deal of photoperiodic
work has been done with soybeans much of it has had
as its main objective advancement of our knowledge of
photoperiodism rather than of the physiology of the soybean.
A considerable part of the work was with Biloxi, a variety
that is no longer of great commercial importance. Much of
it, moreover, has been restricted to studies of the production
of flower buds or flowers and has not dealt with possible
effects of photoperiod on later stages in the development of
the plant. All of this work has been very valuable and has
given us a generalized picture of the way soybeans respond
to changes in photoperiod. It has fallen far short, however, of
giving the soybean investigators the detailed photoperiodic

information they should have concerning varieties that are
most important to them.
“Studies are needed of the photoperiodic responses of
many of the varieties that are now in wide commercial use.
The six varieties included in the work reported differed
greatly in their responsiveness to a given change of
photoperiod and it is probable that similar differences would
be found among other varieties. Although the six varieties
tested included representatives of four different groups wide
differences were found between Volstate and Palmetto,
two representatives of the same group. Volstate, a group
VII variety, responded photoperiodically much more like
Macoupin of group IV than like Palmetto of group VII.
“Studies are also needed of the interaction of
temperature, nutrition and other variables with photoperiod.
The relatively few investigations of this type that have been
made have been helpful in explaining reversals in relative
response of varieties under different soil or temperature
conditions.
“Finally more should be known about effects of
photoperiod on developmental stages following flowering.
Time of maturity is dependent in part on time of flowering
but it is also dependent on rate of growth and filling of pods.
Data presented in this paper show that photoperiod affects
these later developmental stages. It is probable that the extent
of its influence on development will be found to vary with
variety.
Photos: (1) “Soybeans grown with daily photoperiods
of 13, 13.5, 19, and 19.5 hours from top to bottom. The
varieties, Arksoy, Ogden and Volstate, are distributed at
random on each truck and thus cannot be individually
identified. Planted May 15 and photographed Aug. 11.”
(2-3) Portrait photos show (separately) M.W. Parker and
H.A. Borthwick.
(4) “Part of the equipment used to regulate length of
photoperiod for soybean experiment. The photoperiod house
is divided into 4 light-tight compartments each having
capacity for four trucks of soybeans. Each compartment
is equipped with a separate circuit of lights automatically
controlled by a time switch.”
Tables: (1) “Effect of photoperiod and time of planting
on location of first flower buds and terminal inflorescences of
several varieties of soybeans.”
(2) “Effect of photoperiod and time of planting on the
number of days to the opening of first flowers of several
soybean varieties.”
(3) “Effect of photoperiod and time of planting on length
of period from opening of flowers to production of pods 2
centimeters in length.” Address: Plant Physiologists, Bureau
of Plant Industry, Soils and Agricultural Engineering, USDA,
Beltsville, Maryland.
1001. Warington, Katherine. 1951. Some interrelationships
between manganese, molybdenum and vanadium in the
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nutrition of soybean, flax and oats. Annals of Applied Biology
38:624-41. Sept. [28 ref]
• Summary: “Recent advances in knowledge regarding
the effect of trace elements on plant growth show that the
question is more complex than was originally thought, and
that interrelationships between the various major and minor
elements are of paramount importance in maintaining the
plant in a healthy condition.” Address: Rothamsted Exp.
Station, Harpenden, Herts. [Hertfordshire, England].
1002. Burger, O.J.; Hauge, S.M. 1951. Relation of
manganese to the carotene and vitamin contents of growing
crop plants. Soil Science 72(4):303-13. Oct. [37 ref]
• Summary: Studies were made with wheat, oats, corn, and
soybeans. “Manganese deficiencies in plants have been
observed in many farms in Indiana. The production of
soybean hay and grain has been severely reduced in fields
exhibiting chlorosis.”
“The effects of MnSO4 on the carotene content,
carotene-destroying enzyme system, protein, choline,
and tocopherol contents of plants grown on manganesedeficient soils in northern Indiana were investigated. Plants
from untreated plots exhibited symptoms of chlorosis and
necrosis, which were accompanied by lowered contents
of carotene, carotene-destroying enzymes, protein, and
tocopherol, but higher choline. Manganese fertilization
increased the carotene content of the leaves of soybeans,
corn, wheat, and oats. It significantly increased the carotenedestroying enzyme activity and the tocopherol content of
soybean leaves. Manganese sulfate treatments produced a
reduction in the choline content of leaves of soybeans and an
apparent increase in the stems.
“These experiments indicate that after the manganese
deficiencies have been corrected, additional amounts of
manganese have no stimulatory effect on the production of
carotene and the other constituents studied.” Address: Purdue
Univ. Agric. Exp. Station.
1003. Furutani, Y.; Kukii, M. 1951. [On the fruiting habits
of soybeans. II. The effects of defoliation at the different
stages of pod and seed development]. Kyushu Nogyo Kenkyu
(Kyushu Agricultural Research) No. 8. p. 51-52. Oct. [1 ref.
Jap]
Address: Kyushu.
1004. Fukui, Juro; Yarimizu, Hisashi. 1951. Kaika-go no
tanjitsu ga daizu no tôjuku ni oyobosu eikyô no hinshukan
sai [On the varietal difference of the effect of short daylength after blooming time of the seed ripening period of
soy-beans]. Ikushugaku Zasshi (Japanese J. of Breeding)
1(2):86-90. Nov. 30. [6 ref. Jap; eng]
• Summary: “Experiment was carried out in 1950 on the
varietal difference of the effect of short day-length upon the
ripening period of soy-beans. Varieties used were Kisaya

(Kagoshima), Norin No. 2 (Ibaragi) and Iwate No. 2 (Iwate).
The plants were grown in soil by pot culture and half of them
were treated with 8 hours day length, from 8 a.m. to 4 p.m.,
every day, during the period from blooming to maturity.
Other half of them were left under natural day-length. The
results are summarized as follows:
“(1) Apparent responses of ripening period to the short
day treatment were observed. Yellowing and shedding of
leaves and maturity were accelerated by short photoperiod
and consequently the period from blooming to ripening of
pods becomes shorter. The acceleration was remarkably
larger in variety of long ripening period (Iwate No. 2) than
variety of short ripening period (Kisaya).
“(2) The growth of pods was accelerated by short
photoperiod, but the varietal difference of this effect was
not discussed because the measurement was made too late.
Weight and shape of seeds were also effected by short-day
treatment. Weight of seeds, length, thickness and wideness
of seeds were smaller in treated plots than control plots. This
trend was less obvious in Kisaya, but obvious in varieties
Norin No. 2 and Iwate No. 2.
“(3) These facts will be useful to explain the distribution
of soy-bean varieties and further to select the suitable
varieties at any place or to make soybean breeding. Moreover
the facts will be available for the ecological interpretation
of so-called seed-home of soy-beans.” Address: Nourinshô
Kantô Higashiyama Nôgyô Shikenjô.
1005. Inouye, C. 1951. [Cytological studies on the root
nodules of soy bean (1)]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
20(1/2):97-99. Dec. 30. [4 ref. Jap; eng]
• Summary: “Summary” The material used in this
investigation is the root nodules of soy bean, which were
fixed in Bouin’s solution and stained in Haidenhain’s ironalum-haematoxylin. Sections were cut at 7-10 microns.
“According to this investigation, amitosis have been
observed during the early development of the bacteroid
tissue. At the beginning of the amitosis, there appears small
chromatin granule at one point of the nucleolus (Fig. I).
And secondary nucleolus is gradually developed from the
chromatin granule separating from the original one (Figs.
2, 3 and 4). At about the same time, the nucleus becomes
somewhat oval in shape (Fig. 4), and later, a constriction
appears in the centre of those two nucleoli (Figs. 5 and 6) to
separate them into two daughter nuclei (Fig. 7).
“Milovidov (1926) has distinguished following three
types of root nodules with respect to the mode of infection.
“(a) Normal type: Infection takes place by aid of
intracellular infection threads.
“(b) Type in Serradella: Infection takes place by aid
of intercellular infection threads. “(c) Type in Lupinus:
Infection takes place by aid of mitotic cell divisions.
“It is desirable for me to add one more type, namely,
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type in soy bean in which infection lakes place by aid of
amitotic cell divisions.”
Note: This is the earliest document seen (July 2021) that
contains the word “chromatin.”
1006. Calland, J.W. 1951. The present status of soybeans as a
crop–The future. Soybean Digest. Dec. p. 18-20.
• Summary: “Recently while visiting with John S. Weskett,
president of the New Bern Oil and Fertilizer Co. of New
Bern, North Carolina, I was told that during the early
twenties, when we were just starting to grow soybeans in
the Midwest, he customarily shipped each year from 100 to
150 cars of soybean seed into Illinois and surrounding states.
Back then, North Carolina, Virginia, Mississippi, Kentucky
and Alabama were the five leading states in soybean acreage.
“In those days less than 5 million bushels of soybean
seed were produced annually in the U.S. and they were
not for processing. Fifteen percent was used as seed on
farms where produced, 25 percent fed to livestock, and the
remaining 60 percent sold very largely for seed. Only onefourth of the total soybean acreage was harvested for beans.
The balance went for hay, pasture, or for plowing under for
soil improvement. They were called ‘the poor man’s alfalfa.’
It was not until 1941 that one-half of our soybeans were
harvested for seed. Now, it is about 80 percent for seed for
the entire country and more than 90 percent for the Cornbelt
states. Alabama today harvests one-third of her soybean
acres for beans. There are yet many areas where soybeans are
still ‘the poor man’s alfalfa.’
“By 1930 one-half of the soybean crop had moved
into the Cornbelt. Today 90 percent of the soybeans for
processing come from six states–Illinois, Indiana, Iowa,
Ohio, Minnesota and Missouri. The acreage grown for all
purposes ran up to over 15 million in 1943. It has averaged a
little over 13 million for the past six years.
“One thing is sure. Our 1951 production will fall far
short of our needs. We never have had enough soybeans.
Even last year’s 290 million bushels won’t be enough. This
year is no time to sell the soybean crop short.
“It has been my good fortune to be quite definitely
interested in soybean production for the past 17 years. In
that time I have seen some mighty poor guesses about what
was going to happen to the soybean crop. I still see them.
Last fall there was to be the worst glut of soybeans at harvest
time that we had ever seen. There was no place to store
them and the market couldn’t handle them. All three of these
assumptions turned out to be exactly wrong. You remember
how the acres were going to be reduced by about 50 percent
in 1946 and how they were not. It can be pretty well
summed up by saying that everyone who has been selling
the soybeans short over the past two decades has been wrong
consistently.
“Well, while we are on production, let’s take a look at
the improvements which have come to the soybean since the

early twenties. These can be divided into three rather definite
periods according to one leading soybean breeder.
“1920-1930. Introductions: Thousands of introductions
were tested and compared. The more popular ones were
Manchu, Ito San, Peking, Virginia, Wilson, Black Eyebrow,
Early Brown, and Midwest.
“1930-1940. Introductions, Re-Selections: The favorite
varieties of this period were Illini, Dunfield, Mukden,
Mandell, Richland, and 10 or 12 strains of Manchu.
“1940-1950. Hybrids: Plant breeders crossed varieties
having desirable qualities in order to combine the good
qualities of each into new and superior strains. Their skill
has given us Chief, Earlyana, Lincoln, Hawkeye, Adams,
Wabash, Monroe, Blackhawk, Ogden, Roanoke, and
Volstate.
“Progress Made:
“Oil–Up 4 percent, from 17 to 18 percent up to 21 to 22
percent. A 25 percent increase.
“Yield–Up 100 percent.
“Lodging Resistance–Up 200 percent.
“Shattering–Up from shattering to non-shattering.
“Height–Not changed much.
“Maturity–10 days to two weeks earlier.
“Protein–Decreased slightly as oil content went up.
“Disease–Disease resistant work just started.
“What Can We Expect?
“Standing Ability–Varieties like Hawkeye now have
satisfactory standing ability and others will improve.
“Height–Present height appears to be o.k.
“Maturity–Will gain a little in earliness but will hold
yielding ability.
“Disease–Disease resistance will be incorporated.
“Here is an example of this progress: From the AK
[A.K.] of period I to the Illini of period II to the Adams of
period III. The Adams is the highest-oil-content variety we
have today–22 percent on a dry basis. The credit for the
increase in oil content definitely goes to the plant breeders.
“The contribution of the plant scientists in selecting and
breeding improved and better adapted varieties, along with
greatly improved technology of production, processing and
marketing of soybean products, are doubtless the greatest
factors in explaining the amazing increase in soybeans the
past two or three decades.
“I think it is interesting to recall that a soybean variety
survey conducted in Ohio in 1944, just seven years ago,
showed only one-half of the growers using recommended
varieties and they were planting more than 50 others. Many
of these other varieties were definitely inferior ones while
others were too badly mixed to be called a variety. Elevators
and seed dealers were selling Manchu-type soybeans to
the growers. Manchu type was frequently any mixture of
yellow soybeans that happened to be in the bin. Maturity
dates might vary as much as two weeks among the varieties
making up such a lot of seed.
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“Ohio growers have come a long way in soybean
varieties since 1944. Today Ohio recommends three
varieties–Monroe, Hawkeye, and Lincoln. Probably not more
than a dozen varieties are planted in the state.
“A 1951 variety survey, covering 30 states shows only
30 different varieties recommended by state crop specialists,
and these range from the early maturing varieties for
Minnesota to the late maturity group for Louisiana.
“Processing and Marketing: Again, we must go back
to North Carolina for the first processing of American
grown soybeans. The Elizabeth City Oil and Fertilizer
Co. made a run of 10,000 bushels in Dec. 1915, and W.T.
Culpepper, manager of the firm, reported that the operation
was successful. The first processing here in the Midwest
was by the Chicago Heights Oil Manufacturing Co., of
Chicago Heights, Illinois, in 1919. But, according to I.C.
Bradley, who was in charge of the operation, they brought
the soybeans from North Carolina. The following year they
put in two expellers and started to process a few Illinois
soybeans. As many of you know, Mr. Bradley has continued
to process soybeans for the past 32 years. He is at present
manager of the Allied Mills soybean plant at Taylorville,
Illinois.
“Cornbelt soybean growers have ample markets for their
soybeans. Processing plants already in operation and now
being built will have crushing capacity of at least 290 million
bushels.
“Now, just a word about this greatly expanded
processing capacity. It isn’t just bad guessing by the
processors. Much of it is simply progress. The industry is in
the process of changing over from the screw-press method
to the solvent extraction method. Much of the present screwpress capacity eventually may be eliminated. Moreover,
considerable potential soybean processing capacity is being
used part time, or in some cases, even full time in crushing
other oil seeds. In reality, the figure of 290 million bushels
is the approximate capacity that could readily be used for
soybeans if it were advantageous to do so.
“Nebraska doubled her acreage in 1950, came through
with a 24-bushel average yield, and produced more than a
million bushels of soybeans. The processing plants within
her borders can readily crush all of these, and plenty of
markets outside the state are bidding for Nebraska soybeans.
“In 1924, the first year the USDA considered the
soybean crop important enough to gather statistics on it, the
estimated value of the crop was about 11 million dollars.
Consider the 1950 crop worth approximately 1 billion
dollars.
“Soybean Oil Meal: The soybean grower is naturally
interested in knowing if increased production of soybeans
will find a market through soybean oil and soybean oil meal.
In my opinion, many important and effective forces are
constantly working to increase the demand for soybean oil
meal. In the past 15 to 20 years this demand has grown from

nothing to 5½ million tons annually.” Continued. Address:
Managing Director, National Soybean Crop Improvement
Council.
1007. Kawahara, E.; Maruko, Y. 1951. [Studies on the leaffall of soybean plant. II. The geographical distribution and
the several characters of non-leaf-fall varieties]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(1/2):109-12. Dec. [7 ref. Jap; eng]
• Summary: Abstract: “1. The greater part of leaves of 6
varieties among 265 varieties of soybean plant preserved at
the Odate Agricultural Improvement Experiment Station of
Ministry of Agriculture and Forestry did not fall off even in
autumn.
“2. It is considered that the non-leaf-fall varieties
originated in U.S.A.
“3. Through surveying the duration from seeding to
flowering and the length of the growing season, I saw that
the non-leaf-fall varieties were admitted into the medium and
late varieties except one very early Chestnut.
“4. The starch was almost entirely absent in the seed and
in the main pulvinus at the yellowish leaf stage of non-leaffall varieties. But the starch was not found completely in the
grain of the other non-leaf-fall varieties.
“5. The weight of gains of non-leaf-fall varieties was
more light than that of any other varieties in general.
“6. The seed coat and the hilum of gains of the non-leaffall varieties put on a dark colour.”
1008. McMichael, C.W. 1951. Responses of cotton, soybeans
and lespedeza to minor elements on Ruston loamy fine sand
and Memphis silt loam (Abstract). Proceedings of the Annual
Convention of the Association of Southern Agricultural
Workers 48:142-43. *
1009. Nagata, Tadao. 1951. [On the ecological variation
in the summer- and autumn-type soybeans, with special
reference to the varietal differences in the responsibility to
atmospheric temperature and day-length]. Nara Gakugei
Daigaku Kiyo (Nara Gakugei University Bulletin) 1(1):7484. [Jap]*
1010. Sass, John E. 1951. Response of meristems of
seedlings to benzene hexachloride used as a seed protectant.
Science 114(2966):466. [5 ref]
• Summary: “The responses of maize, garden pea and
soybean are essentially similar.” Address: Dep. of Botany
and Plant Pathology, Iowa State College, Ames, Iowa.
1011. Valencia, P.H. 1951. Contribución al estudio de
problemas foto-periódicos de la soya [Photoperiodic
problems in the soyabean]. Notas Agronomicas 4:53-54.
[Spa]*
Address: Faculty of Agronomy, Palmira, Colombia.
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1012. Fukui, Juro; Arai, Masao. 1951. Nihon ni okeru daizu
hinshu no seitaigakuteki kenkyû. I. Kaika nissû no ketsujitsu
nissû ni yoru hinshu no bunrui to sono chiriteki bunpu ni
tsuite [Ecological studies on Japanese soy-bean varieties.
I. Classification of soy-bean varieties on the basis of the
days from germination to blooming and from blooming
to ripening with special reference to their geographical
differentiation]. Ikushugaku Zasshi (Japanese J. of Breeding)
1(1):27-39. [24 ref. Jap; eng]
• Summary: This classification of Japanese soybeans by
two criteria into 9 maturity groups is now the standard.
Maturity group Ia (60 days to flowering, less than 60 days
from flowering to maturity) corresponds to USA maturity
groups I–II; these beans grow in northern Japan (Hokkaido).
Maturity group Vc (greater than 100 days to flowering,
greater than 80 days from flowering to maturity) corresponds
to USA maturity group VII; these beans grow in southern
Japan (Kyushu). Address: Norinsho.
1013. Smith, Janice M.; Van Duyne, Frances O. 1951. Other
soybean products. In: K.S. Markley, ed. 1951. Soybeans and
Soybean Products. Vol. II. New York: Interscience Publishers
or John Wiley & Sons. xvi + 1145 p. See p. 1055-78. [45 ref]
• Summary: Contents: 1. Vegetable soybeans and their
characteristics. 2. Home processing of green soybeans:
Harvesting, shelling, preparation for use as a fresh vegetable
(nutritive value of cooked green soybeans), preservation
of green soybeans (freezing, canning, dehydration). 3.
Commercial processing of green soybeans: Harvesting and
hulling, canning (selection of varieties, cleaning, blanching,
and processing, acceptance of the product), freezing. 4.
Home processing of dry soybeans: Harvesting and threshing,
cooking, salted soybeans, sprouting soybeans. 5. Commercial
processing of dry soybeans: Harvesting and threshing,
canning, sprouting, salted soybeans.
“The use of soybeans as a vegetable plays a relatively
unimportant role in the American dietary at the present
time.” only a very small amount is preserved by commercial
canning or freezing. “Green soybeans rarely appear in the
retail market. A considerable volume of both green and
mature soybeans is consumed by families in rural areas of
states where production is large and by food fanciers who
grow them in their own gardens.” “The effectiveness of a
shortage of protein in stimulating the use of soybeans was
demonstrated during World War II when protein foods were
in short supply as a result of rationing and local shortages.
Canned soybeans were seen in retail stores and soybeans
appeared on the menu in restaurants. Magazines and
newspapers frequently carried articles on the nutritional
value and possible uses of soybeans in the human diet. With
the cessation of rationing, articles featuring soybeans have
appeared infrequently.”
“The differences between vegetable and field types

are not always clear-cut, but vegetable varieties have
characteristics that make them superior for table use. In
general, the vegetable varieties cook more easily and have a
mild nutty flavor. Their pods and seeds are larger, facilitating
shelling in the green or immature stage.”
Tables show: (170) Characteristics and quality of green
and dry, mature soybeans. For each variety is given the
following: Maturity group. Green soybeans–Color of pods
toward end of edible period. Size of pods and green beans.
Weight (gm) of shelled beans from 100 gm of pods. Shelling
time for 1 lb. of pods. Dry, mature soybeans–Average acre
yields, 1934-1938. Seed color. Hilum color. Average weight
of 100 beans, 1934-1938 (gm). Composite quality rating
for green and mature beans. Maturity groups–Very early:
Giant Green. Early: 80494, Bansei, Fuji. Midseason: Illini,
Hokkaido, Jogun, Willomi, Wolverine, 89162, 84979, 87617.
Late: Illington, Imperial, 87606, Funk Delicious, Emperor,
Higan.
(171) Remarks and recommendations concerning
vegetable soybean varieties compiled from publications
and a poll of agricultural experiment stations. For each
station is given the state name, remarks, and varieties tested.
Stations in the following states had remarks and commented
on certain varieties: Alabama, California, Connecticut,
Georgia, Illinois, Indiana, Iowa, Kansas, Maine, Maryland,
Massachusetts, Michigan, Minnesota, Mississippi, Missouri,
Nebraska, New Hampshire, New Jersey, New York, North
Carolina, North Dakota, Ohio, Oklahoma, Rhode Island,
Tennessee, Washington state, West Virginia, Wisconsin.
(172) Varieties of soybeans adapted to preservation
by freezing. (173) Relative ratings of different varieties of
cooked dry soybeans.
Figures show: (211) Mung beans and four varieties
(Bansei, Illini, Lincoln, Richland) of soybeans in the
dry, soaked, and sprouted state. Address: Dep. of Home
Economics, Univ. of Illinois, Urbana, IL.
1014. Tawada, Shinjun. 1951. Okinawa yakuyo shokubutsu
yakukôzan [Medicinal uses of Okinawa pharmaceutical
plants. 2nd ed.]. Naha, Okinawa: Kyûyôdô. 178 p. See p. 90.
Illust. 1st ed. 1931. [Jap]
• Summary: Page 90 discusses: “Daizu (mame, miso mame).
Glycine max Merrill. Toofu maami, ufuchijaa ufuchizaa.”
This book is handwritten in Japanese, with the names of the
plants given in Latin. It discusses the uses of many species,
which are systematically arranged. Mimeographed in
Okinawa. Address: Japan.
1015. Zelitch, I.; Wilson, P.W.; Burris, R.H. 1952. The amino
acid composition and distribution of NI5 in soybean root
nodules supplied N15-enriched N2. Plant Physiology 27(1):18. Jan. [18 ref]
• Summary: “The amino acids separated from the soluble
portion of nodules from bean plants supplied N15-enriched
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N2 for six hours were analyzed for The distribution of
N15 was very similar to that observed in Azotobacter and
Clostridium. The atom per cent. N15 excess in glutamic acid
most twice as high as that of any other amino acid and over
three times high as that of aspartic acid. These observations
furnish further evidence that ammonia is the key
intermediate in symbiotic nitrogen fixation.” Address: Depts.
of Biochemistry and Bacteriology, Univ. of Wisconsin,
Madison 6, Wisconsin.
1016. Matagrin, Am. 1952. La vérité sur le soya: son réveil
et son avenir en France [The truth about soya: its awaking
and its future in France]. Terre d’Oc (La): Revue moderne
d’agriculture des pays occitans 34:50-63. Feb.; 34:91-100.
March. [24 ref. Fre]
• Summary: This two-part article appeared in two
consecutive issues. Contents: Introduction: The strengths
and weaknesses of the soybean, Haberlandt and the Vienna
World Exhibition, soymilk, tofu, soy sauce, USDA, BresseJones, Le Clerc / LeClerc, Morse, Hilbert, Horvath, ADM,
Muscatine processing Corp., Galesburg Products Co.,
Glidden Co. (Soya Products Div.). 1. The soybean in agricole
and in market gardening: Favorable climates and soils
(temperature, light and photoperiodism, humidity, physical
soil needs, chemical and pH soil needs, microbiological soil
needs, soil amendments [soil conditioners], fertilizers, use
as green manure, chemical fertilizers, bacterial fertilizers
{Vaccinograine}, crop rotation). Varieties of soybeans;
selection of the seeds, Asian classifications, based primarily
on color.
1. Varieties of soybeans for all uses: Domestic and
industrial: Early or near-early (mi-précoces): yellow
varieties, green varieties, brown varieties, black varieties.
Late: yellow varieties, green varieties, brown varieties, black
varieties.
2. Soybean varieties for forage: Early or near early.
Late. European varieties, Russian varieties, French selected
varieties, mutations are rather frequent but spontaneous
hybridization is quite rare, the selection of seeds.
3. Preparation of the land (terrain); planting and seeds;
tillage, and protection against diseases and pests.
Footnote 12: Li Yu-ying was the founder of a plant
making soyfoods in the suburbs of Paris in 1911, and former
president of the Scientific Academy of Peking (Académie
Scientifique de Pékin). He returned to stay for a while in
France around 1940. Li and L. Grandvoinnet (a French
agronomist whose tombstone is in our village in the region of
Chautagne [in east Central France]) wrote a book about soya
in 1912 that is still useful.
Mechanized agriculture (motoculture), tractors, date of
seeding.
Part 2: Planting. Maturation, harvest, yield, and storage
of the soybean seed (soya-grain). Appendix: Names of early
American soybean varieties according to earliness.

1. Yellow varieties that are early and productive, adopted
and preferred in 1948-1951 in Canada and neighboring U.S.
states: Blackhawk, Dunfield, Earlyana, Flambeau, Goldsoy,
Hawkeye, Kabott, the various Mandarins, Monroe, Richland.
These mature in 105 to 125 days. Varieties suited for
northern France are Harrow Manchu, Mansoy, Tokio yellow,
etc.
Note: This is the earliest document seen (Nov. 2020) that
mentions the soybean variety Harrow Manchu.
2. Semi-early yellow varieties preferred in the areas of
less-cold temperature: Chief, Lincoln, Wabash (less often
Adams, Dunfield, Hawkeye, and certain Mandarins). These
varieties mature in 125 to 140 days after planting. Several
highly regarded green varieties are Nahto [Hahto?], and
Giant Green.
3. Yellow varieties that are more or less late, grown in
the southern USA: Arksoy, Dortchsoy 31, J.E.W. 45, Ogden,
Improved Pelican, Ralsoy, Roanoke, Volstate. These varieties
in 140-170 days. The fine variety Imperial, which matures
in about the same time in Savoie, can be added as well as
Barchet (brown) or O-too-tan [Otootan] (black).
These late varieties are suited to Roussillon, BasLanguedoc, Provence maritime, northern Africa, and in the
tropical regions of the French Union (l’Union Française
[which lasted 1946-1958]).
At the very end of the article we read: The author of this
article regrets that, from now on, he will not be able to reply
free of charge (as he has very often done) to the numerous
demands for information that he receives concerning soya.
Unlike the majority of his compatriots, he has neither a
salary nor an appointment, nor is he retired nor pensioned,
nor is he a property owner nor a renter. He lives solely on the
modest income from his publications and from consultations
on applied chemistry. He hopes not to appear greedy by
asking future correspondents to add 8 stamps of 15 francs
(or an equivalent amount) to their requests for information
so that he will be able to answer promptly. While cultivating
soybeans for his personal use, he is not a grain merchant and
he will not be able to supply even the smallest quantities
of well acclimatized varieties, but he will willingly make
such shipments against reimbursement of postage costs and
compensation for any product or object of fair exchange.
Hervé Berbille writes (5 May 2014): “This article is
very rich in teachings. I think especially in this footnote (3)
A. Matagrin confirms what I always suspected. Namely, the
Vichy government never had a policy displaying a proactive
attitude in favor of the soybean. Moreover, the Vichy
government never really intended to promote the culture of
this plant, even though the dietary restrictions suffered by
the French population during the Nazi Occupation urgently
required it. All indications are that powerful interests who
foiled the development and cultivation of soybeans in the
1920s under the deceased Third Republic still remained very
influential in the Vichy government.” Address: at Chindrieux
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(Savoie).
1017. Aprison, M.H.; Burris, R.H. 1952. Time course of
fixation of N2 [nitrogen] by excised soybean nodules. Science
115(2984):264. March 7. [4 ref]
• Summary: Describes a method for determining the rate
of fixation of nitrogen by excised soybean nodules using
radioactive N-15 as a tracer. Concludes: Detached legume
root nodules fix nitrogen. Address: Dep. of Biochemistry,
College of Agriculture, Univ. of Wisconsin, Madison.
1018. Freiberg, S.R.; Clark, H.E. 1952. Effects of
2,4-dichlorophenoxyacetic acid upon the nitrogen
metabolism and water relations of soybean plants grown at
different nitrogen levels. Botanical Gazette 113(3):322-33.
March. [30 ref]
• Summary: “2. Twisting of stem tips and epinasty of
petioles, later followed by yellowing of leaves and swelling
of stems and petiole bases, and ultimately by wilting and
drying of leaves, were visible responses to 2,4-D treatment
and appeared sooner in high-N than in low-N plants.”
Note: Epinasty is a perplexing behavior seen during the
flooding of roots of plants. Leaf cells on the top part of the
leaf and maybe especially the leaf stem outgrow the bottom
ones and the leaf drops from a horizontal to a more vertical
position. Address: 1. Research Dep., United Fruit Company,
La Lima, Honduras.
1019. Furutani, Y.; Kukii, M. 1952. [On the fruiting habits of
soybeans. IV. Effects of partial defoliation and solid planting
on pod development]. Kyushu Nogyo Kenkyu (Kyushu
Agricultural Research) 9:47-48. March. [Jap; eng]*
1020. Hunter, J.R.; Erickson, A.E. 1952. Relation of seed
germination to soil moisture tension Agronomy Journal
44(3):107-09. March.
Address: Michigan Agric. Exp. Station, East Lansing,
Michigan.
1021. Sasamura, S. 1952. [Photoperiodic sensibility of soy
bean and xanthium {cocklebur} to the faint light in twilight].
Utsunomiya Daigaku Nogakubu Gakujutsu Hokoku (Bulletin
of the College of Agriculture, Utsunomiya University)
1(3):334-39. March. [Jap; eng]*
• Summary: Note: Xanthium (cocklebur) is a genus of
flowering plants in the sunflower tribe within the daisy
family, native to the Americas and eastern Asia. Xanthium
is used to treat nasal and sinus congestion. Address:
Utsunomiya Univ.
1022. Lynch, D.L.; Sears, O.H. 1952. The effect of
inoculation upon yields of soybeans on treated and untreated
soils. Proceedings–Soil Science Society of America
16(2):214-16. April. [4 ref]

• Summary: “Neither soil treatment or interval of time since
the host plant had been grown had any influence upon crop
response to inoculation. Even on plots which had not grown
soybeans since 1939, inoculation did not increase soybean
yields.”
“Yields of both inoculated and uninoculated crops were
greater on soils which had been treated with limestone,
phosphate, and potash than on untreated check plots. It
is concluded that inoculation should be practiced as an
inexpensive insurance policy.” Address: 1. First Asst. in Soil
Biology; 2. Prof. in Soil Biology. Both: Dep. of Agronomy,
Illinois Agric. Exp. Station, Urbana, Illinois.
1023. Siegel, J.J.; Hough, H.W.; Turk, L.M. 1952. The
effect of calcium on the growth of soybeans supplied with
ammonium nitrogen. Proceedings–Soil Science Society of
America 16(2):185-88. April. [12 ref]
• Summary: “Soybeans grown on soils fumigated with
Dowfumes N, W-40, and MC-2, gave excellent growth
responses to high levels of available calcium in the soil. The
fumigated soils were much higher in ammonium and lower
in nitrate content than were the untreated soils although both
forms of nitrogen were present in all soils. The response of
the soybean plants growing on the fumigated soils indicated
that their primary source of nitrogen was ammonium. The
protein concentration was higher than that of those growing
on the nonfumigated soils and there was a tendency toward
earlier maturation. The mineral cation uptake constant was
also lower than in the case of the nonfumigated soils. A high
calcium content in the soil appeared to reduce the amount of
carbohydrate necessary for assimilation of the ammonium
(or promoted the synthesis of additional carbohydrate)
because the plants produced greater dry weight under these
soil conditions. Where there was a large supply of available
calcium in the soil, the growth of the soybean plants in the
fumigated soils was better than those grown on the untreated
soils regardless of the calcium level. The plants grown on
the low calcium, fumigated soils did not produce as much
vegetative growth as those grown on the nonfumigated soils.
“A high level of calcium in the soil is beneficial to
the growth of soybeans after soil fumigation.” Address: 1.
Research Fellow; 2. Instructor; 3. Prof. in Soil Science. All:
Michigan Agric. Exp. Station.
1024. Vernon, Leo P.; Aronoff, S. 1952. Metabolism of
soybean leaves. IV. Translocation from soybean leaves.
Archives of Biochemistry and Biophysics 36(2):383-98.
April. [20 ref]
• Summary: “Summary: 1. The process of translocation
in the soybean plant has been studied by means of CH02
photosynthesis by the first trifoliate leaf only, followed
by qualitative and quantitative analysis of the plant for
radioactive material.
“2. Within 20 min. the following radioactive
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compounds, in the order of decreasing radioactivity, were
found in the leaf extracts: sucrose, alanine, glutamic acid,
glyceric acid, glucose, raffinose, fructose, malic acid, triose,
isocitric acid, succinic acid, aspartic acid, and citric acid.
Analysis of tip and stem sections revealed activity only in
sucrose, glucose, and fructose. In all cases sucrose was the
main compound. Starch was the main radioactive compound
found in the insoluble fraction.
“3. From activity curves for a 5- and a 20-min.
translocation, a rate of translocation of sucrose of 1.4
cm./min. was obtained. Sucrose has the highest rate of
translocation, followed by glucose and fructose, respectively.
“4. Lowering of the temperature diminishes the rate of
translocation.
“5. Light has no effect upon translocation aside from the
formation of translocating material through photosynthesis.
“6. Application of small amounts of 2,4-D (25 mcg.)
resulted in an increased rate of translocation. With larger
quantities the rate was approximately normal but there
was a decrease in the amount of material translocated. It is
suggested that 2,4-D affects plants by decreasing the rate of
sugar diffusion from the site of photosynthesis into the main
translocation stream.” Address: Inst. for Atomic Research
and Dep. of Botany, Iowa State College, Ames, Iowa.
1025. Fukui, J.; Ono, H. 1952. Nihon ni okeru daizu
[Ecological studies on Japanese soy-bean varieties. II.
Relationship between the ecological types and other
characters]. Kanto Tosan Nogyo Shikenjo Kenkyu Hokoku (J.
of the Kanto-Tosan Agricultural Experiment Station) No. 3.
p. 49-73. May. [10 ref. Jap; eng]
• Summary: Experiments were carried out in 1946 and
1947 to clear up the varietal distinctions of soy-beans. The
number of varieties used as material were 204 collected from
Manchuria, Korea, America and different localities of Japan.
These varieties were grown in the Konosu Agricultural
Experimental Farm. Studies were made on the variations
among the varieties as regard to various characters bearing
on the selection and classification of varieties, and on the
relationship between 9 ecological types classified from the
standpoint of the periods from germination to blooming and
from blooming to ripening (as shown in Table A) and other
characters. In this study, it was observed that there was a
close relation between these ecological types and some other
characters. In 1a type, the culmweight, culm-length, culmdiameter, location of the lowest node setting flower-bud,
number of branches, branch-length and blooming period
show the smallest, and these gradually increase following the
order Ib, IIa, IIb etc. The 100 seed-weight was the smallest
in the type of the short period from blooming to ripening,
and it shows larger values in the types of the longer period.
Furthermore, it was found that in Ia type, there are many
varieties of weak vegetative growth, but varieties of strong
vegetative growth increase following the order Ib, IIa, IIb

etc.
“The reason why such results occur seems to be
concluded as follows; in Ia and Ib types showing low
sensibility to short-day treatment, a conversion from
vegetative growth to generative growth arises more rapidly
than in IVc and Vc types showing high sensibility.” Address:
Konosu, Saitama, Japan.
1026. Freiberg, S.R. 1952. Effects of an exogenous growth
regulator on proteolytic enzymes of the soybean plant.
Science 115(2999):674-75. June 20. [9 ref]
• Summary: “In recent years it has been shown that
2,4-dichloro-phenoxyacetic acid (2,4-D) decreases the
amount of protein nitrogen in the leaves and increases the
level of this fraction in the stems and roots of treated plants
(1-6). Accordingly, it was considered possible that this
growth regulator affects proteolytic enzymes differently in
the leaves and in the stems and roots. To test this hypothesis
soybean plants were treated with 2,4-D and analyzed for
proteinase and polypeptidase activity in leaves, stems, and
roots.” Address: Dep. of Plant Physiology, Rutgers Univ.,
New Brunswick, New Jersey.
1027. Lang, Anton. 1952. Physiology of flowering. Annual
Review of Plant Physiology 3:265-306. June. *
• Summary: “Flowering can be separated into the following
major stages: (a) floral initiation (the differentiation of floral
primordia); (b) floral organization (the differentiation of the
individual parts); (c) floral maturation, consisting of several
processes, some of them concurrent or overlapping (growth
of flower parts, differentiation of the sporogeneous tissues,
meiosis, pollen and embryo sac development); (d) anthesis.”
Address: Pasadena, California.
1028. Takijima, Y.; Hayashi, T. 1952. The nutrient absorption
of soybean plants as influenced by 2,4-D spray. Nippon Dojo
Hiryogaku Zasshi (J. of the Science of Soil and Manure)
22(4):319-22. June. [Jap; eng]*
1029. Fakui, I.; Ito, R. 1952. [Fertility of the soybean as
affected in short period by the excessive soil moisture
content at different growing period]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 20(3/4):271-73. July. [Jap; eng]
• Summary: “Abstract: We have investigated on the growth
and yield of soybean plants which were treated with
excessive supply of soil moisture during 5 days at different
growing period and obtained the following results.
“(1) In every series, yield of plants were decreased more
or less by treatment, but the degree of decrease varied with
the different stages when they were treated.
“(2) In the 1st series where plants were treated during 5
days-period when they were young, vegetative growth was
prevented, having low stems, few branches, therefore this

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 414
series showed poorest yield except that of the 2nd series.
“(3) In the 2nd series where plants were treated during
5 days-period after the date of flower bud differentiation,
vegetative growth was prevented, having especially few
branches, lightest stems; and resulting in the poorest of all.
“(4) In the 3rd series where plants were treated during
5days-period after the date of flowering plants, showed
better yield than the 1st and the 2nd series, because their
vegetative growth was not so disturbed and seems as normal.
But their yield were poor as compared with control plants.”
Address: Kanto-tosan Agricultural Exp. Station, Ministry of
Agriculture and Forestry.
1030. Fukui, J.; Ito, R. 1952. [Fertility of the soybean as
affected in short period by the excessive soil moisture
content at different growing period]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 20(3/4):271-273. July. [Jap; eng]
• Summary: “We have investigated on the growth and yield
of soybean plants which were treated with excessive supply
of soil moisture during 5 days at different growing period
and obtained the following results.
“(1) In every series, yield of plants were decreased more
or less by treatment, but the degree of decrease varied with
the different stages when they were treated.
“(2) In the 1st series where plants were treated during 5
days-period when they were young, vegetative growth was
prevented, having low stems, few branches, therefore this
series showed poorest yield except that of the 2nd series.
“(3) In the 2nd series where plants were treated during
5 days-period after the date of flower bud differentiation,
vegetative growth was prevented, having especially few
branches, lightest stems; and resulting in the poorest of all.
“(4) In the 3rd series where plants were treated during
5 days-period after the date of flowering plants, showed
better yield than the 1st and the 2nd series, because their
vegetative growth was not so disturbed and seems as normal.
But their yield were poor as compared with control plants.”
Address: Kanto-tosan Agricultural Exp. Station, Ministry of
Agriculture and Forestry).
1031. Hirai, F. 1952. [Flowering habits of soy-beans in
Chichibu]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 20(3/4):333-34. July. [3
ref. Jap; eng]
• Summary: “Résumé: In this treatise, the author has
described the relations between the flowering order and the
node-positions, the flowering time and the node-positions,
and the flowering period and the number of flowers. These
were all observed in individual varieties of soybeans in
Chichibu.
“(1) The flowers blooming first are found on the
following node-positions:
“on the stem–on the first three nodes from below that

have not grown the branches.
“on the branch-on the first node or the first two nodes
immediately below the half way point of the branch.
“(2) As to the flowering order on the stem and the
branches, two flowering waves–the first flowering wave and
the later flowering wave–are recognized. These two waves
progress centrifugally from the node-positions of the first,
with an interval of about seven days. But this phenomenon
does not appear in the daily flowering distribution curves of
individuals,
“(3) In regard to the daily distribution of flowering, the
maximum number is common on the 5th or the 6th day of the
flowering period.
“(4) In regard to the hourly distribution of flowering, the
most flowers bloom between 7.00 AM. and 9.00 AM. And
the daily flowering order also progresses centrifugally on
the stems and the branches.” Address: Saitama Prefectural
Agriculture High School.
1032. Ishibashi, I. 1952. The influence of electric current
on the yield of crop seeds. I. Soybean. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 20(3/4):305-06. July. [Jap; eng]
• Summary: “Summary (1) Some experiment reported
when the seed of crops were stimulated by moderate electric
current, in growth and yields of this crops was promoted
or increased. In this experiment, were charged an electric
current (short waves, 38 M. C) to seeds of Norma No. 1 and
Norin No. 2. of soya-beans, and observed growth and yield,
namely experiment is as follows:
“(A) The section of 1 minute charged with electric
current.
“(B) The section of 5 minutes charged with electric
current.
“(C) The section of 10 minutes charged with electric
current.
“(D) The control section (none treatment)
“(2) The number of investigated individuals is 10 pieces
of soybeans in each sections.
“(3) The heads of investigation is the length of stem,
number of branches, number of nodes, number of pods,
length of roots and weight of 100 grains of soybeans.
“(4) On average of 10 pieces in each sections is (A)
and (B) sections surpasses (C) and (D) sections in growth,
yields and other heads both Norin No. 1 and Norin No. 2 of
soybeans.” Address: Tokyo College of Agriculture.
1033. Kamata, E. 1952. [Studies on the development of fruit
in soybean. 1. Histological observations]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 20(3/4):296-98. July. [Jap; eng]
• Summary: “Summary: Several investigations have been
done about the course of development of fruit in soy bean,
but the histological change not yet clear. Soy bean (variety:
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Chizuka Ibaraki No.1) were grown in pots in out door. The
samples obtained 1 day or 2 days interval were fixed with
formarin-acetic alcohol. The sections were made by the
Paraffin and Celoidin Method and stained with Gentian
violet. The external and internal change of fruits are as
follows.
“(1) Rapid increasing in length and width of fruit
appeared during 9 days to 21 days after flowering, but
increasing in thickness continued during 41 days after
flowering. Therefore, the maximum weight is shown in fresh
weight at the 30th day of fruit development and in dry weight
36th day. The fresh weight, however, decreased remarkably
in the ripening stage.
“(2) The differentiation of carpel to pod needed about 6
days except the tissues of schrelenchymous fiber, pulp and
inter-epidermis, and the cell elongation in pod continued
during 16 days. Outer-integument was the origin of seedcoat and its differentiation was closed on the 16th day after
fertilization, but the cell elongation continued during 24
days. Inner-integument and nucellus [the central part of
an ovule, containing the embryo sac] degenerated in the
progress of development of embryo and endosperm, and
became invisible 2 weeks later. The differentiation of embryo
began to occur on the 6th day and continued about 20 days
and its cell elongation finished 5 days later. The division
of nuolei [sic] in endosperm occurred abundantly in the
early stage of fruit development, but endosperm was later
almost absorbed and pressed by the growth of embryo, so
that the remaining was scarcely seen inside of seed-coat. No
remarkable ohage [sic, change?] was found in the tissue of
funicle in all stages.” Address: Faculty of Agriculture, Tokyo
Univ.
1034. Kamata, E. 1952. [Studies on the development of
fruit in soybean. 2. Microchemical observation]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(3/4):299-302. July. [Jap; eng]
• Summary: “Summary: The materials and their culture
method used in this experiment were the same indicated in
the previous paper. The samples obtained every day or 2 days
interval in the course of fruit-setting were investigated with
the free hand section. The methods of microchemical test
used were Fehling’s and Flukiger’s test for reducing sugar,
J-J. K. test for starch, Millon’s and Bitret test for protein and
sudan III test for oil.
“The results obtained are summarized as follows:
“(1) Reducing sugars appeared in all tissues of fruit
except collenchyma, pulp tissue, scherenchymatous fiber
tissue and inter-epidermis of pod in the following order of
pod, seed-coat, embryo (cotyledon, radicle and plumule).
And it increased gradually in the course of development of
embryo. In the ripening stage reducing sugar disappeared
in all tissues of pod and seed-coat except the residual of
endosperm of seed-coat.

“(2) Starch was detected in all tissue of fruit except
xylem of vascular bundle and lateral vein of pod during 42
days after flowering in the following order of pod, seed-coat,
embryo. In the ripening stage it disappeared completely in all
part of the fruit except palisade tissue of cotyledon and pith
of hypocotyl.
“(3) Oil appeared in all tissue of pod and seed-coat since
about 5-10 days after flowering and in the all part of embryo
about 10 days later. On the 48th day after flowering it
disappeared in all parts of pod and seed-coat, but it increased
gradually in embryo in the progress of ripening.
“(4) A considerable amount of protein was found in
all tissue of fruit in the following order of pod, seed-coat,
embryo. It increased by and by all parts of embryo. In the
ripening stage it disappeared in all tissues of pod and seedcoat except the residual of endosperm.” Address: Faculty of
Agriculture, Tokyo Univ.
1035. Kawahara, Eiji. 1952. [Studies on the flowering of
soybeans. 1. Influence of different day-length, comparatively
warm night temperature and hot-bed culture of seedlings
for definite period upon the flowering of soybeans]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(3/4):317-18. July. [1 ref. Jap; eng]
• Summary: “1. Number of days from sowing to the
flowering date of soybean plants showing varietal difference
was shortened at a little over about 4%-27% under the
comparatively warm night temperature and by the hotbed
culture of seedlings compared with each control. In these
experiments, the acceleration ratio of flowering under the
comparatively warm temperature differs from that of hotbed
culture of seedlings.
“2. Flowering of 6 varieties was elongated and 2
shortened. But any influence could not be seen in other 2
varieties. While its period under the comparatively warm
night was enlarged for all varieties at the different degree.
“3. Flowering of soybeans under the short day was
accelerated as compared with that of control and the
acceleration ratio gradually increased with going to late
varieties. Flowering of soybeans under the long day was
retarded and the degree was increased generally with
going to late varieties. Any flower did not bloom in Morse
especially under the long day. Flowering period of Morse
was enlarged by the short day, but its period of other varieties
was shortened.
“4. Flowering was far greatly accelerated by the short
day treatment than the warm temperature treatment. The
acceleration ratio by the warm temperature treatment has
any relation to the late or early habit of varieties. While the
response for light is thought to be strengthened with going
to late varieties.” Address: Odate Agricultural Improvement
Experiment Station, Ministry of Agriculture and Forestry.
1036. Kawahara, Eiji. 1952. [Studies on the flowering of
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soybeans. 2. Influence of sowing date on the flowering
and yearly variation of the flowering of soybeans]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(3/4):319-20. July. [Jap; eng]
• Summary: “1. Soybean seeds of 18 varieties in 1949
and 15 varieties in 1950 preserved at Odate Agricultural
Improvement Experiment Station of Ministry of Agriculture
and Forestry were sown several times in the field at that
station consisted of volcanic ash soil and the plants were
cultivated customarily.
“2. Number of days from sowing to flowering date
decreased gradually with late sowing and by the warmer
climate. But there is not any relation between the shortening
ratio and the earliness or lateness of flowering were placed in
the vigorous responsive varietal group upon temperature and
the reverse varieties were included in the weak responsive
varietal group upon temperature. Odate No. 1 and Yogetsu
belong to the latter group.
“3. Flowering period generally decreased gradually with
late sowing. But the flowering period of Pinpu sown July
was longer than the case of May.
“4. Correlation coefficient between number of days
from sowing to flowering date and flowering period is 0.391.
Varieties of long flowering period have vigorous trailing
habit.”
1037. Nagata, T. 1952. [On the effects of shading and
pinching in soybeans (Preliminary report)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(3/4):335-36. July. [10 ref. Jap; eng]
• Summary: “1. The effect of shading for two weeks during
the early stage of growth was examined. At the same time,
the effect of pinching tried at the beginning of shading was
observed.
“2. Two varieties were used, the one was Akazayashirodaizu, formerly classified by the author as an autumn
type, and the other Kosa-mame, generally recognized as a
resistant variety to shading.
“3. When the shading was finished, the following facts
were observed;
“(a) By shading, the stem was exceedingly elongated
and the branching was more restrained.
“(b) By pinching the shaded plants, these unfavorable
effects of shading were lessened to some extent.
“4. The difference in the ecological characteristics of
the tested varieties was observed in the matured plants in the
following way;
“(a) In variety Akazaya-shirodaizu, the shading
elongated the stem, restrained the branching of plants and
decreased the yield of seeds. But by adding of pinching these
unfavorable effects were checked and the yield of seeds was
remarkably increased.
“(b) In variety Kosa-mame, the effect of shading
appeared in the slight decrease of seed yield and the added

pinching scarcely gave any influence upon the yield of seeds.
“(The Contribution in The Institute of Crop Science,
Faculty of Agriculture, The Kyoto University).” Address:
Nara Liberal Arts College.
1038. Tanda, Y. 1952. [On the differences in the growth,
especially in the maturity of soybean and adzukibean grown
in both districts, Settsu Plain and Tanba Plateau]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 20(3/4):321-22. July. [Jap; eng]
• Summary: “(1) Reasons why soybeans and Adzukibeans
grow better in mountain districts than in the plain land, were
studies in this paper. Seeds of noted varieties of soybeans
(Tanba-guro) and Adzukibeans (Dainagon), produced in
Tanba plateau, were grown in the summer season in both
Tanba plateau and Settsu plain, in order to compare their
growth, especially their maturity.
“(2) Soybeans and Adzukibeans grown in the mountain
districts had the following characteristics compared with
those grown in the plain, (a) no signs of excessive vegetative
growth or vinings, (b) greater yields of seeds in relation to
those of stems, leaves and pods, (c) more seeds per pod,
(d) more uniform maturity, (e) fine lustered seed coats, (f)
greater absorption power of water of seeds, (g) scarce insect
damages. These facts, may suggest that beans grown in the
mountain districts, as a rule, show well growth and better
maturity and better boiling characters than those grown in
the plain.
“(3) The reason which may explain the above facts, will
be probably due to the easy transport of carbohydrates and
shapes by lower temperature in the night and the range of air
temperature between day and night. The limit of the lowest
temperature in the night for their growths was found to be
nearly 10ºC.” Address: Kyoto Liberal Arts College.
1039. Furutani, Y.; Kukii, M. 1952. [On the fruiting habits
of soybeans: VI. Influences of the damage caused by Nezara
antennata Scott at different stages of pod development on the
fruiting habits of soybeans]. Kyushu Nogyo Kenkyu (Kyushu
Agricultural Research) No. 10. p. 167-68. Sept. [4 ref. Jap]
• Summary: Note: In the English title, the name of this small
insect is spelled Nezara antenata Scott. Nezara is a genus of
plant-feeding stink bug of the family Pentatomidae. Address:
Kyushu, Japan.
1040. Kan, M.; Oshima, T. 1952. Influence of limitation
of sunshine upon the soybean, and its varietal adaptability.
Kyushu Nogyo Kenkyu (Kyushu Agricultural Research)
10:177. Sept. [Jap]*
1041. Matsuo, H.; Ida, K. 1952. On the productive methods
of soybeans. I. On fertilizer experiments. Kyushu Noji
Shikenjo (Kyushu Agricultural Matters Laboratory) 10:9798. Sept. [Jap]*

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 417

1042. Nagamatsu, Tstsumi; Anezaki, Y.; Kizakihara, C.;
Nakamura, M. 1952. Koruhichin shori ni yoru yonbai-tai
daizu no ikusei [Induction of autotetraploid soybean (Glycine
soja) by colchicine treatment]. Ikushugaku Zasshi (Japanese
J. of Breeding) 1(3):172-78. Oct. 23. [19 ref. Jap; eng]
• Summary: “Résumé: In this paper the authors report
the results of breeding process and observations on the
induced autotetraploid soybean by the dropping method
with colchicine lanolin mixture: 4 varieties belonging to
two ecological types, that is summer and autumn types
were tested. The reagent of 0.2 and 0.4% was dropped on
the growing point of young soybean plants just after the
ovate leaves had opened by spoit [sic] twice a day during
one or two days. Stopped their growth for a time, but soon
after dark green irregular shaped or teratological foliages
appeared: Although many of the treated plants died out, 5
seeds for summer type and 214 seeds for autumn type were
harvested.
“In the next generation 19 tetraploid plants belonging to
two autumn varieties were confirmed by the size of pollen
grains and other morphological characters. This number of
polyploid plants correspond to 30% for the reared lines and
13% for the sowed seeds.
“In the second generation, 18 lines out of 19 were
confirmed to be tetraploid by chromosome counting and
other morphological characters. The chromosome number
at diakinesis and first metaphase varied from 20 to 40
according to the number of tetravalent chromosomes which
ranged from 0 to 14, and 40 chromosomes were counted
without exception in the figures of first anaphase and second
division. 80 chromosomes were observed in root tip cells
from germinating seeds.
“Comparisons between diploid and tetraploid plants for
two autumn type varieties were tabulated in table 6 about
the following characters, namely date of first flower, time
of maturity, total plant height, number of node, number of
pods per plant, number of seeds per plant, fertility (no. of
seeds per ovules), diameter of perfect pollen grain, length
and width of stomatal cell, number of stomata per unit area,
leaf index of 9th and 10th foliage leaves, mean weight of one
seed, length and width of seed, seed shape index and, row
protein content.
“Furthermore it was discussed from the plant breeding
standpoint about the method of colchicine treatment, and
the necessity of selection to obtain the constant tetraploid
line.” Address: Kyushu Daigaku Nogaku-bu, Ikushugaku
Kyôshitsu.
1043. Brown, J.C.; Hendricks, S.B. 1952. Enzymic activities
as indications of copper and iron deficiencies in plants. Plant
Physiology 27(4):651-60. Oct. [18 ref]
• Summary: Fig. 3 (p. 655) shows the relative activity
of ascorbic acid oxidase in several plants, including two

soybean varieties (PI-546, and Hawkeye) grown on 4 types
of soils, ranging from calcareous (1) to organic, copper
deficient (4). For both soybean varieties the oxidase activity
was lowest on type 4 soil.
When the iron supply was limited, catalase activity was
reduced for corn, tobacco, the lupines, and one variety of
soybean. The activity of peroxidase was more constant. “The
hypothesis that if an element is limiting in the nutrition of a
plant the deficiency will be evident in the changed activity of
an enzyme among those requiring the element is in harmony
with the results obtained.” Address: Plant Industry Station,
USDA, Beltsville, Maryland.
1044. Elliott, B.B.; Leopold, A.C. 1952. A relationship
between photoperiodism and respiration. Plant Physiology
27(4):787-93. Oct. [10 ref]
• Summary: A study with soybeans and four other plants.
With respect to photoperiod, the soybean is a short-day plant.
“On the basis of the experiments reported, a hypothesis
is offered that the photoperiodic mechanism by which
flowering is induced involves a respiratory shift.” This
hypothesis is supported by 3 lines of evidence. Address:
Agric. Exp. Station, Purdue Univ., Lafayette, Indiana.
1045. Borthwick, H.A.; Hendricks, S.B.; Parker, M.W. 1952.
The reaction controlling floral initiation. Proceedings of the
National Academy of Sciences, USA 38(11):929-34. Nov. 15.
[5 ref]
• Summary: “Reproduction in many plants and animals is
controlled by the length of the night and the cycle of day and
night. A dark reaction affords the measure of time and this
reaction can be quickly stopped or reversed by light such as
that from the rising sun. The reaction is possibly universal in
living forms but its more extreme and evident manifestation
is recognized to a rather limited extent. Thus flowering of
cosmos [the plant Cosmos bipinnatus] is determined by
long nights while, to casual examination, growth of petunia
and tomato is independent of night length. Similarly,
reproduction in some species such as goats, turkeys and
snails depends on the length of night while the cow and man
seem unresponsive.”
“Control of morphogenesis serves better as evidence for
the photoreaction in plants... [and] control of floral initiation
in soybean and barley plants.”
“Previous work with soybeans (Borthwick et al. 1940)
indicated that the third compound leaf on plants that had
expanded from compound leaves was the most effective
one for control of floral initiation.” Address: USDA Plant
Industry Station, Beltsville, Maryland.
1046. Fukui, Juro; Yarimizu, Hisashi. 1952. [On the
influence of the day-length and temperature upon the
ripening period of soy-beans]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
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21(1/2):123-24. Nov. [4 ref. Jap; eng]
• Summary: “Abstract” Experiment was carried out in 1950
on the influence of the day-length and temperature upon the
ripening period of soy-beans. Varieties used for material
were Kisaya, Norin No. 2 and Iwate No. 2. The plants were
grown in soil by pot culture. In the short-day plots, the
day-length was limited to 8 hours every day from 8 a.m.
to 4 p.m. and in high temperature plots, plants were placed
in an unheated glasshouse. Each treatment was conducted
from blooming time until maturing time. The results of the
experiments are summarized as follows:
“(1) Yellow and shedding of leaves and maturing were
accelerated by both short-day and high temperature treatment
and consequently the period from blooming to ripening
of pods was also remarkably shortened in every varieties.
From the point of acceleration, there was a slight difference
between two conditions where the number of flowers were
limited or not limited prior to treatment.
“(2) The growth of pods was accelerated by both shortday and high temperature treatment, but the acceleration was
larger in short-day plots.
“(3) Short-day and high temperature treatment showed
no influence on length and thickness of seed harvested,
but the seed-width in treated plots was greater than that of
control plot. Weight of seed was smaller in treated plots than
control plots, and this trend was larger in short-day plots.
“(4) To reveal why such treatments give effects on
the ripening period, we must continue further study.”
Address: Kanto-tosan Agricultural Exp. Station, Ministry of
Agriculture and Forestry).
1047. Fukui, Juro; Yarimizu, Hisashi. 1952. Daizu no tojuku
ni taisuru ondo narabini hinaga no kôka ni tsuite [Influence
of the day-length and temperature upon the ripening period
of soy-beans]. Nippon Sakumotsu Gakkai Kiji (Proceedings
of the Crop Science Society of Japan) 21(1-2):123-24. Nov.
[4 ref. Jap; eng]
• Summary: “Resume: Experiment was carried out in 1950
on the influence of the day-length and temperature upon the
ripening period of soy-beans. Varieties used for material
were Kisaya, Norin No. 2, and Iwate No. 2. The plants
were grown in soil by pot culture. In the short-day plots, the
day-length was limited to 8 hours every day from 8 a.m. to
4 p. m. and in high temperature plots, plants were placed
in an unheated glasshouse. Each treatment was conducted
from blooming time until maturing time. The results of the
experiments are summarized as follows:
“(1) Yellowing and shedding of leaves and maturing
were accelerated by both short-day and high temperature
treatment and consequently the period from blooming
to ripening of pods was also remarkably shortened in all
varieties. From the point of acceleration, there was a slight
difference between two conditions where the number of
flowers were limited or not limited prior to treatment.

“(2) The growth of pods was accelerated by both shortday and high temperature treatment, but the acceleration was
larger in short-day plots.
“(3) Short-day and high temperature treatment showed
no influence on length and thickness of seed harvested,
but the seed-width in treated plots was greater than that of
control plot. Weight of seed was smaller in treated plots than
control plots, and this trend was larger in short-day plots.”
Address: Kanto-Tosan Agric. Exp. Station, Ministry of
Agriculture.
1048. Hijimoto, Shigeyoshi; Mino, Koichi. 1952. [Some
relation between the soil moisture and the soybean blossom
dropping]. Kagawa-kenritsu Noka Daigaku Gakujutsu
Hokoku (Technical Bulletin of Kagawa Agricultural College)
4(2):95-103. Nov. [12 ref. Jap; eng]
• Summary: “1. In order to study the factors of soybean
blossom dropping, we have partially changed the soil
moisture in the following percentage at the flower formation
period.
“30%->30%
“60%->30%, 60% or 90%
“90%->90%
“2. A few blossom droppings were found in 30%->30%
soil moisture series, a great many in 60% 30% series, rather
few in 60% 90% series and there they podded well.
“3. The quantities of soil moisture did not make a great
difference on the germination of pollens, the growth of
pollen tubes, and the function of floral organ.
“On one side, the blossom droppings were found more
among the upper blossoms on every inflorescence and at the
end of flower periods. The results may be explained that the
physiological factors of Soybean blossom droppings lie more
in nutritive factors than in general ones.
“4. The facts that soybean plants growing on the raised
foot-path by the side of rice-fields have relatively high
fertility may be partially due to the factors having a suitable
soil moisture and mild soil temperature even in the height of
Summer.” Address: Lab. of Agricultural Education, Kagawa
Agric. College, Hiraicho, Kidagun, Kagawaken, Japan.
1049. Kamae, M. 1952. [Physiological studies on blooming
and podding in soy bean plant (preliminary report). 1.
Experimental studies on flower dropping and pod shedding].
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 21(1/2):117-18. Nov. [Jap; eng]
• Summary: Also in Kobe University Faculty of Education,
Bulletin 5:49-57. 1952.
1050. Kamata, Etsuo. 1952. [Effects of the various
concentration of manganese and boron in culture solution
on the growth of soybeans]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
21(1/2):131-33. Nov. [Jap; eng]
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• Summary: “Soybean plants were cultured with the
Hoagland and Arnon’s nutrient solution added manganese
and boron in the concentration from 0 to 5.0 p.p.m., and
the effect of these ions appeared on the growth of plant
were investigated until the time of maturing seeds. And the
symptoms caused by the deficiency of manganese and boron
were observed in the relation to the different pH values of
solution at the flowering time.
“The results of experiments are as follows:
“(1) Interveinal portions of the leaves turned to
yellow color and plants were dwarfed in the deficiency of
manganese, so that the dry weight of the plant was only
60% of normal one in the flowering time. As a result of
such abnormal growth, the decrease of flower buds and
incompletion fruit setting occurred just the same.
“(2) Excess of manganese concentration, such as 2.5 and
5.0 p.p.m. in the nutrient solution indicated a toxic injury.
The grey spots appeared on the lower leaves at first, and the
symptom developed progressively on the higher parts of
plants and color of leaves turned to pale yellow as growth
advanced. In consequence, the vegetative growth and the
reproductive activity reduced in general.
“(3) A specific shrink of young leaves and retardation of
root development were seen as first pathological symptom
of boron deficiency. In the later stage, the stems died down
and branches and flower buds dropped off. Accordingly, the
deficiency of boron gave an ill effect to the reproduction than
the vegetative growth of soybean compared with it in the
case of manganese deficiency: for example, the fruits setting
decreased to only 5% of normal plant, but the reduction or
the dry weight of plant was, on the contrary, about 10%.
“(4) 0.5 p.p.m. of boron in the culture solution was
sufficient for growth of soybean, and the concentrations of
2.5 and 5.0 p.p.m. acted as a toxin on the growth. The first
visible symptom of boron toxicity was a slight thickening of
the lower leaves and an upward curling of their edges and
soon the edges of leaves turn to pale yellow color. Later, the
yellow spots became larger by and by and turn to brown.
Both the growth and the yield of soybean were severely
effected by toxic action.
“(5) The total content of iron and manganese in the
leaves and stems of the plant grown in the nutrient solution
with different pH value decreased inversely to the pH value,
but the degree of reduction of iron was smaller than that of
manganese at the pH7. (6) The total content of manganese in
plant had no relation to the degree of manganese deficiency,
but the ratio of total manganese to total iron connected to
it. The plant grown at the pH 7 of culture solution had the
highest values of ratio and indicated the heavily demand
of manganese, the next values in the ratio was detected at
the pH 4 of culture solution, which appeared fair deficiency
symptom of manganese, and the slight manganese deficiency
was produced at the pH 8 of culture solution and the plants
had lowest values in the ratio.

“(7) The pH values of the nutrient solution had little
effects to the deficiency of boron and its content of plants.”
Address: Faculty of Agriculture, Tokyo Univ.
1051. Shimojima, Hisao; Mikoshiba, Kimito. 1952. Daizu
ishoku tekishin no eikyô [On the effect of pinching and
transplanting upon soybean]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 21(12):129-33. Nov. [1 ref. Jap; eng]
• Summary: “Summary: Soybean plants were cultured
with the Hoagland and Arnon’s nutrient solution added
manganese and boron in the concentration from 0 to 5.0
p.p.m., and the effects of these ions appeared on the growth
of plant were investigated until the time of maturing seeds.
And the symptoms caused by the deficiency of manganese
and boron were observed in relation to the different pH
values of solution at the flowering time.
“The results of experiments are as follows:
“(1) Interveinal portions of the leaves turned to
yellow color and plants were dwarfed in the deficiency of
manganese, so that the dry weight of the plant was only
60% of normal one in the flowering time. As a result of
such abnormal growth, the decrease of flower buds and
incompletion fruit setting occurred just the same.
“(2) Excess of manganese concentration, such as 2.5 and
5.0 p.p.m. in the nutrient solution indicated a toxic injury.
The grey spots appeared on the lower leaves at first, and the
symptom developed progressively on the higher parts of
plants and color of leaves turned to pale yellow as growth
advanced. In consequence, the vegetative growth and the
reproductive activity reduced in general.
“(3) A specific shrink of young leaves and retardation of
root development were seen as first pathological symptom
of boron deficiency. In the later stage, the stems died down
and branches and flower buds dropped off. Accordingly, the
deficiency of boron gave an ill effect to the reproduction than
the vegetative growth of soybean compared with it in the
case of manganese deficiency: for example, the fruits setting
decreased to only 5% of normal plant, but the reduction of
the dry weight of plant was, on the contrary, about 10%.
“(4) 0.5 p.p.m. of boron in the culture solution was
sufficient for growth of soybean, and the concentrations of
2.5 and 5.0 p.p.m. acted as a toxin on the growth. The first
visible symptom of boron toxicity was a slight thickening of
the lower leaves and an upward curling of their edges and
soon the edges of leaves turned to pale yellow color. Later,
the yellow spots became larger by and by and turn to brown.
Both the growth and the yield of soybean were severely
effected by toxic action.
“(5) The total content of iron and manganese in the
leaves and stems of the plant grown in the nutrient solution
with different pH value decreased inversely to the pH value,
but the degree of reduction of iron was smaller than that of
manganese at the pH 7.
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“(6) The total content of manganese in the plant had no
relation to the degree of manganese deficiency, but the ratio
of total manganese to total iron connected to it. The plant
grown at the pH 7 of culture solution had the highest values
of ratio and indicated the heavily demand of manganese,
the next values in the ratio was detected at the pH 4 of
culture solution, which appeared fair deficiency symptom
of manganese, and the slight manganese deficiency was
produced at the pH 8 of culture solution and the plants had
the lowest values in the ratio.
“(7) The pH values of the nutrient solution had little
effect on the deficiency of boron and its content of plants.”
Address: Shimo-ina Branch Station, Nagano Prefecture
Agricultural Experiment Station [Japan].

“7. Among the chemical components of seeds, oil
content was found to increase as soil moisture decreased, but
the difference was very little among all soil moisture plots.
On the other hand, protein content was large in proportion
to soil moisture, and the differences among the plots
comparatively great.
“8. Taking into account the growth, flowering,
fructification, yield and component of seed, there was
observed a remarkable difference of effect between 30% and
50% of moisture content.
“9. The best results in growth and harvest of soybean,
were obtained when the moisture was kept at 90% of the
capacity.” Address: Faculty of Agriculture, Univ. of Mie
[Japan].

1052. Takeshima, H. 1952. [Studies on the influences of
cutting cotyledons in soybean plants]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(1/2):121-22. Nov. [Jap; eng]*

1055. Yoshida, Shizuo. 1952. Yakan hosoku shômei no
tsuyosa o kotoni shita chôbi no shita ni okeru daizu no kôshû
hannô (yohô) [Photoperiodic responses in soybean plants
under long-day conditions with supplemental illumination
of different intensities at night (Preliminary report)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 21(1&2):127-28. Nov. [1 ref. Jap; eng]
• Summary: “Resume: It is evident in soybean plants that
as the intensity of supplemental illumination at night for the
purpose of giving long day decreases lower, the inhibition
of blooming due to long-day condition decreases as well.
On the contrary, the intensity of the illumination increases
higher, the inhibition of blooming increases as well.
“Furthermore this relation seems to be found more
prominently in late-maturing varieties than in early maturing
ones, even when the supplemental illumination is not so
strong.
“In discussing the influence of day-length, importance of
the intensity of light must not be disregarded.”
Note: Criswell and Hume (Oct. 1972, p. 657) state that
Yoshida (1952) has “presented evidence that at least some
early maturing soybean varieties tested were nonsensitive to
photoperiod.” Address: Faculty of Agriculture, Naniwa Univ.

1053. Takeshima, H. 1952. [Studies on the relation
between the temperature difference of day and night and
the fructification of soybeans]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
21(1/2):119-20. Nov. [Jap; eng]*
1054. Ueda, Saisuke. 1952. Dojô suibun ga daizu no seiiku
narabini shûkakubutsu ni oyobosu eikyô [Influence of soil
moisture on the growth and harvest of soybean]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 21(1-2):125-26. Nov. [10 ref. Jap; eng]
• Summary: “Summary: This research was conducted to
make clear the influence of soil moistures on the growth
and harvest of soybean. Sandy soil (the water capacity was
about 28%) was used, and the soil moistures were kept
constant at 30%, 50%, 70%, and 90% of the water capacity
in each experimental plot respectively. The variety used was
Summer Soybean No. 1.
“The summary of the results are as following.
“1. The soil temperature observed was higher for lower
soil moisture, and fell in proportion to the increase of soil
moisture.
“2. With soil moisture at 30%, the germination of
soybean was somewhat obstructed.
“3. The length, number of nodes, and size of main stem
of the plant harvested were in proportion to soil moisture.
“4. There was generally not large difference in the
average date of flowering.
“5. Number of flowers, pods, percentage of
fructification, number and weight of seeds were bigger in
proportion to soil moisture, but dry weight of one hundred
seeds, became bigger as soil moisture decreased.
“6. There was generally not a large difference in the
harvest time.

1056. Milum, V.G. 1952. Anent soybean honey. Report of the
State Apiarist, Iowa p. 53-55. For the year ending Dec. 31,
1952. [8 ref]
• Summary: “Whether soybeans are producers of surplus
honey has been a much-debated question, with the nonbelievers arguing that soybeans, although legumes, do not
secrete nectar since the services of the bees are not needed
for pollination because soybeans are self-fertile.” Milum
then reviews the literature on soybean honey production up
to 1952. He cites a great deal of evidence that soybeans do
produce surplus honey.
“In conclusion, it may be summarized that under certain
conditions and in a wide range of localities soybean honey
in surplus amounts may be obtained. Apparently the color of
the honey varies from white to light amber, but in each case
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has a peculiar but pleasing flavor. All of the limiting factors
on nectar secretion certainly are not known, but there seems
to be some evidence that abundant moisture preceding a dry
hot blooming period may be one of the controlling factors.
That moisture is an important factor is further substantiated
by the reports that in North Carolina soybeans do not yield
as heavily on uplands as on the black swamp or Pocosin silt,
and that the best soybean nectar producing areas of Arkansas
are the river bottoms where the soil is deep and fertile. It
seems very likely that moisture is the one common factor in
all of the cases cited.” Address: Entomological Laboratories,
Univ. of Illinois, Urbana, Illinois.
1057. Fukuda, Yasona; Kaku, Shosuke. 1952. Hydrature
studies of soybeans on the soil moisture slope. Botanical
Magazine (Tokyo) 65(773-774):267-73. Nov/Dec. [28 ref.
Eng]
• Summary: “Conclusion: (1) Transpiration and osmotic
value on the periodicity of growth. As the value of relative
transpiration does not change through the season, the
variation of transpiration follows that of evaporation (3; 12;
14; 27). Ascent of osmotic value on maturity is a known
fact (6; 23; 28). After the growing season, however, this
phenomenon is seen only on moist spot. On extremely dry
spot the value descends when the climate becomes cool. The
variation center is on 35% of soil water capacity...
Note: Numbers in parentheses refer to cited literature.
Address: 1. Botanical Inst., Faculty of Science, Univ. of
Hiroshima [Japan].
1058. Fukui, Juro; Yarimizu, H.; Ojima, M. 1952. Studies on
the soy-bean cultivation on fields at volcanogenous diluvial
soils. I. Relationship between the seasonal fluctuation of soil
moisture content in each soil layers and the growth and yield
of soy-bean. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 25(2):93-95. Dec. [5 ref.
Jap; eng]
• Summary: “Summary: Experiments were carried out, in
1950, 1951 and 1955, to elucidate the relations between
the seasonal fluctuation of soil moisture content in each
layers and the growth and yield of soy-bean, at Kanto-Tosan
Agriculture Experiment Station, Ministry of agriculture
and Forestry. Plants were grown on two fields, one being of
alluvial soil and the other being of volcanogenous diluvial
soil. The results obtained are summarized as follows;
“(1) On the field of volcanogenous diluvial soil, where
the underground water level became deeper than 250 cm in
summer season, the moisture content of soil layer to 60 cm
depth was mainly influenced by precipitation. Particularly
the water content of the upper portion of soil to 15 cm depth
was entirely dominated by precipitation and consequently
seasonal fluctuation of soil moisture content was very
large in that portion, but at the depth of 30 cm, it became
somewhat small, and at 45 and 60 cm, soil moisture content

was abundant and fluctuation was very small.
“In the field of alluvial soil, where the underground
water level was higher than 100 cm below the surface,
the soil moisture content was generally abundant, and the
seasonal fluctuation did not occurred at 40 cm depth.
“(2) In the early growing period, the growth of soy-bean
was slightly better on the diluvial soil than on the alluvial
soil, but afterwards as its growth proceeded, the plants on
the diluvial soil became poorer and at harvesting time, they
were somewhat inferior with regard to the culm-length
and number of nodes. They were also very inferior in the
culm-weight, 100 seed-weight and number of pods, and
particularly their yield of seeds was low as about 60% of that
on the alluvial soil. The results may clearly explain the fact
that soy-bean plants grown on diluvial soils were strongly
affected by deficient soil moisture content during the period
from blooming to ripening in 1951.” Address: Kanto-tosan
Agricultural Exp. Station.
1059. Yamaguchi, M. 1952. [Effect of bacteria in the stigma
of soybean on pollination (Abstract)]. Idengaku Zasshi
(Japanese J. of Genetics) 27(5/6):201. Dec. [Jap]*
Address: Japan.
1060. Gray, J.; Sturgis, M.B. 1952. Effect of fertilizers and
lime on the yield of soybean seed on Olivier silt loam, Baton
Rouge, Louisiana (Abstract). Proceedings of the Annual
Convention of the Association of Southern Agricultural
Workers 49:52. *
1061. Hauser, Ellis W.; Young, Dale W. 1952. Penetration
and translocation of 2,4-D compounds. Proceedings of the
North Central Weed Control Conference Proceedings 9:2731.
• Summary: On the cover of this volume: “Proceedings:
Joint Meeting of the North Central Weed Control Conference
(9th Annual) and the Western Canadian Weed Control
Conference (6th Annual). Dec. 9, 10, 11, 1952. Royal
Alexandra Hotel, Winnipeg, Canada.”
Experiments made with soybean plants. “Although 2,4D is the most widely used and extensively studied herbicide,
the mechanism of its toxic action remains relatively obscure.
The factors contributing to the effectiveness of growth
regulant type herbicides may be conveniently divided into:
(a) absorption or penetration, (b) translocation, and (c) toxic
action. Previous studies have indicated that penetration of
sodium 2,4-D is increased by increases in temperature or by
the addition of wetting agents to the spray solutions... there
seem to be few investigations which describe and compare
the penetration and translocation rates of the different 2,4-D
compounds.” Address: Iowa Agric. Exp. Station.
1062. Hawkes, G.R. 1952. Some factors affecting the
nitrogen nutrition of the soybean. PhD thesis, Ohio State

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 422
University. Abstracted in Dissertation Abstracts 17(12):27542756. Dec. 1957. *
1063. Neill, J.C. 1952. Effects of artificial hail on soybeans.
PhD thesis, University of Illinois. Abstracted in Dissertation
Abstracts 14(10):1493. 1954. *
• Summary: In trials during 1949-51, soybeans were
subjected to simulated hail injury at 5 stages of maturity
in 1949 and 10 stages in 1950 and 1951. The results are
described. Address: Univ. of Illinois.
1064. Shaw, W.C.; Trimble, J.P.; Swanson, C.R. 1952. The
effect of chemicals on soybeans and Sudan grass and their
persistence in the soil when applied as pre-planting, preemergence and post-emergence sprays. Proceedings of the
Southern Weed Conference 5:15-22. [3 ref. Eng]
• Summary: “Summary: Preliminary results are reported
on the effectiveness and persistence in the soil of several
chemicals when applied as pre-planting, pre-emergence and
post-emergence sprays. The results of this study may be
summarized as follows:
“1–An alkanolamine salt formulation of dinitro ortho
secondary butyl phenol (DNOSBP) applied as a pre-planting
spray, at 24 pounds per acre, gave excellent residual weed
control for 70 days or more with little or no injury to
soybeans or Sudan grass planted 30 days after treatment.
“2–Isopropyl N-(3-chlorophenyl)-carbamate (CIPC),
applied as a pre-planting spray at 20 pounds per acre gave
excellent residual weed control for 70 days or more with
little or no injury to soybeans planted 30 days after treatment.
Sudan grass seeded 30 days after treatment did not emerge.
“3–As measured by the response of the test plants,
soybeans and Sudan grass, and by degree of residual weed
control, the persistence of the chemicals as pre-planting
sprays at the rates applied may be indicated by listing the
most persistent first and the least persistent last as follows:
CIPC, DNOSBP, PCP, TCA, SES, 2,4-D, PMA, MH and
KOCN...” Address: 1. Agronomist; 2. Assoc. Agronomist;
3. Assoc. Physiologist. All: Div. of Weed Investigations,
Bureau of Plant Industry, Soils and Agricultural Engineering,
USDA, Beltsville, Maryland.
1065. Tajiri, T.; Tatsuno, H. 1952. [An ecological study
on soybeans. 1. Fruiting behavior]. Chugoku Shikoku
Nogyo Shikenjo hokoku (Bulletin of the Chugoku-Shikoku
Agricultural Experiment Station) 1(1):26-34. [Jap; eng]*
• Summary: Published in Himeji, Hyogo Prefecture, Japan.
Cited in Japan Sci. Rev. Biol. Sci. 3:989. 1952.
1066. USDA Production and Marketing Administration.
1952. Manual for testing agricultural and vegetable seeds.
Agricultural Handbook No. 30. vi+440 p. 39 pages of plates.
Index.
• Summary: The section on “Legumes” starts on page 142.

“Supersedes Miscellaneous publication no. 437, Testing
farm seeds in home and school [by Albina F. Musil].”
Address: Washington, DC.
1067. Alim, A.; Ahmed, A. 1952. Photoperiodic response of
soybean to different daylength (Abstract). Proceedings of the
Pakistan Science Conference 4(3):6.
• Summary: On the title page: “Proceedings of the Fourth
Pakistan Science Conference, Peshawar, 1952.” This
abstract is in Part III of the proceedings in the section titled
“Agriculture.”
“There are two distinct groups of Soyabean, one is black
seeded early and the other is yellow seeded late.
“Soyabean is normally grown during the kharif
(summer) season. But during this season most of the
available lands in East Bengal are occupied by the two most
important economic crops, viz., Jute and Rice; besides the
high lands are all inundated by water and as such much of
suitable land cannot be made available for cultivation of the
new crop of growing importance. Hence an experiment was
designed to see if Soyabean can be grown in Rabi (winter)
season when sufficient lands are available and also all sorts
of pulses are grown. It was found that in Rabi sowings, the
late varieties became early and the early ones late. This was
assumed to be effect of photoperiodism on the growth of
Soyabean to different day-light. It was definitely established
by two years’ work that Soyabean varieties were effected
by the length of day-light.” Address: Agricultural Research
Station, Dacca, Pakistan.
1068. Ariga, T. 1952. Analysis of the causes of impediment
in the ruiting of soybean and experiment for its adequate
measure. II. Aichi Agr. Expt. Station Bulletin 6:106-15. *
• Summary: Cited in Japan Sci. Rev. Biol. Sci. 3:972. 1952.
442.8 J27. Address: Asst. in Agronomy, Dep. of Agronomy,
Mississippi Agric. Exp. Station, State College, Mississippi.
1069. Barrett, Robert E. 1952. Physicochemical studies of
soybean products. PhD thesis, Ohio State University. In:
Doctoral Dissertations Accepted by American Universities,
1952. *
Address: Ohio State Univ.
1070. Fisher, John Edwin. 1952. Floral induction in
soybeans. MSc thesis, Iowa State College. 62 leaves. 29 cm.
[11 ref]*
• Summary: Fisher studied the effect of light on plants and
their flowering. He discovered (by chance) that nicotine
sulfate induced earlier flowering in Lincoln soybeans
maintained on an 18-hour photoperiod (18 hours of darkness
every 24 hours). On this photoperiod, the soybeans produced
macroscopic flowers only after a fairly high ratio of mature
to immature leaves had been reached,
Note: This is the earliest English-language document
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seen (July 2010) that uses the term “floral induction” to refer
to the induction / initiation of flowering. Address: Ames,
Iowa.
1071. Harley, J.L. 1952. Associations between
microorganisms and higher plants (mycorrhiza). Annual
Review of Microbiology 6:367-86. [96 ref]
• Summary: “The work done in recent year upon the
association between the roots of higher plants and
microorganisms has proved to be of fundamental importance
in various branches of botanical study,” including plant
pathology, and soil activity. Address: The Queen’s College,
England.
1072. Ruiz, Hipólito. 1952. Relación histórica del viage,
que hizo a los Reynos del Perú y Chile el botánico don ...
en el año de 1777 hasta el de 1778, en cuya época regresó
a Madrid. Segunda edición, enmendada y completada en
todo lo que le faltaba, según la copia definitiva, inédita,
del Manuscrito de D. Hipólito, hallada y copiada en el
Departamento Botánico (Historia Natural) del Museo
Británico, por el Dr. Jaime Jaramillo-Arango [Historical
account of the voyage, which was made to the Kingdoms
of Peru and Chile by the botanist Hipólito Ruiz in the year
1777, until 1778, at which time he returned to Madrid. 2
vols. 2nd ed., by Dr. Jaime Jaramillo-Arango]. Madrid,
Spain: Real Academia de Ciencias Exactas, Físicas y
Naturales de Madrid. xliv + 526 p. See vol. 1, p. 201. Illust.
Talleres Gráficos de Cándido Bermejo. [1 ref. Spa]
• Summary: Hipólito Ruiz, the illustrious botanist from
Spain, traveled to Peru in 1777-78. Volume I of this work
is the text, and volume II is maps and indexes. Chapter 31,
titled “Description of the village of Sayan,” states (p. 201)
that he found in Huamalíes [a province in the department
of Huanuco in central Peru], cultivated, a plant whose
name at that time was Dolichos soja Linn. However,
there are question marks before and after the words “soja
Linn” indicating (apparently) that Ruiz was unsure of
the identification of this plant species. Three other plants
mentioned on p. 201 have similar pairs of question marks,
indicating uncertainty, in their scientific names.
Note 1. If the soybean were, in fact, growing in Peru in
1777-78, this document would contain the earliest date seen
for the soybean in Latin America or the equinoctial regions.
Note 2. Merriam-Webster’s Collegiate Dictionary (1998)
defines equinoctial (pronounced EE-kwu-nok-shul, and first
used in 1545) as “relating to the regions or climate on or near
the equator.” Address: Spain.
1073. Hartwig, Edgar E.; Johnson, Herbert W. 1953. Effect
of the bacterial pustule disease on yield and chemical
composition of soybeans. Agronomy Journal 45(1):22-23.
Jan. [4 ref]
• Summary: “The inheritance of resistance has been reported

by Hartwig and Lehman (2). They found the high resistance,
or near immunity, of the CNS variety to be a monogenic
recessive major character. Feaster (1) using earlier maturing
susceptible varieties in crosses with the CNS variety
obtained similar results.” Address: Agronomist and Assoc.
Agronomist, USDA, Div. of Forage Crops and Diseases,
located at Stoneville, Mississippi and Raleigh, North
Carolina, respectively.
1074. Racusen, D.W.; Aronoff, S. 1953. Metabolism
of soybean leaves. V. The dark reactions following
photosynthesis. Archives of Biochemistry and Biophysics
42(1):25-40. Jan. [16 ref]
• Summary: “It was found that the absence of light has a
marked effect on the pathway of the immediate compounds
formed in the light.”
“Summary: 1. The rapid dark conversion of glyceric acid
and sedoheptulose phosphate to alanine is described. Proof
of the close metabolic relationship of alanine to glyceric acid
and sedoheptulose was obtained by a series of experiments in
which (a) the relative activities of the three compounds were
measured, and (b) degradations of all three compounds were
performed. The rate of change of total activity of alanine was
in all cases oppositely directed to that of glyceric acid.
“2. Preillumination experiments were also shown to
result in the accumulation of alanine.
“3. The mechanism and significance of the dark
conversion to alanine are discussed.
“4. Malic acid has been investigated as a possible
precursor of sedoheptulose. The results indicate that the
formation of malate during photosynthesis is a considerably
more rapid process than synthesis via dark fixation.
However, the labeling of 15-sec. photosynthetic malate
seems to preclude its being a precursor of sedoheptulose.”
Address: Inst. for Atomic Research and Dep. of Botany, Iowa
State College, Ames, Iowa.
1075. Vernon, Leo P. 1953. Translocation in soybean plants
(Abstract). Iowa State College J. of Science 27(2):267-68.
Jan. [1 ref]
• Summary: This is an abstract of his 1951 PhD thesis at
Iowa State College. Chairman of Committee, S. Aranoff,
Dept. of Botany. Doctoral Thesis No. 1188. Submitted July
12, 1951. B.S., Brigham Young University, Provo, Utah,
1948. Presently: Assistant, Institute for Atomic Research.
“Investigation of the process of translocation in the
soybean has been undertaken by means of following the
movement of radioactive substances in the stem following
photosynthesis with C14O2. The plants used were soybeans,
Hawkeye variety, which were grown in a growth chamber
under constant conditions at 800 to 1000 f.c. light intensity.
C14O2 was introduced by means of a special apparatus
which enclosed the first trifoliate leaf which was fully
expanded...” Address: Dep. of Botany, Iowa State College.
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1076. Ozaki, Kaoru. 1953. [Studies on the intensity of
response to temperature and day-length during the growth
period of soybeans. I. Response of varieties and their relation
to the geographical distribution of soybean in Hokkaido].
Hokkaido Nogyo Shikenjo Iho (Hokkaido National Agric.
Expt. Station, Research Bulletin) No. 64. p. 7-11. Feb. [5 ref.
Jap; eng]
• Summary: In Hokkaido, summer type, intermediate type,
and autumn type soybean varieties are grown. In the districts
northward from the middle of Hokkaido and in the eastern
districts, summer type varieties are mainly grown. In the
warmer districts, summer type varieties are also mainly
grown.
In the warmer districts southward from the middle of
Hokkaido, varieties of all three types are grown.
1077. Hartwig, Edgar E.; Bounds, Elaine. comps. 1953.
Results of the Cooperative Uniform Soybean Tests, 1952:
Part II. Southern States. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 163. March.
109 p. https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/52soybook.pdf
• Summary: Except for the cover, this document is
typewritten.
Near bottom of title page: “United States Department of
Agriculture. Agricultural Research Administration. Bureau of
Plant Industry, Soils, and Agricultural Engineering, Division
of Forage Crops and Diseases, cooperating with State
Agricultural Experiment Stations.”
Contents: Cooperating personnel. Introduction. Location
of nurseries. Methods. Uniform test, Group IV. Uniform test,
Group V. Uniform test, Group VI. Uniform test, Group VII.
Uniform test, Group VIII. Weather data.
“Introduction: The program of the U.S. Regional
Soybean Laboratory has been directed toward the
development of improved strains of soybeans and the
obtaining of fundamental information necessary to the
efficient breeding of strains to meet specific needs. In
the Southern Region, fundamental studies and breeding
programs are conducted at the two centers, Stoneville,
Mississippi, and Raleigh, North Carolina. After promising
new strains are developed at these breeding centers, they
are advanced to the uniform regional tests, conducted in
cooperation with the 12 southeastern states. This testing
program enables the breeder to evaluate new strains under a
wide variety of conditions, and permits new strains to be put
into production in a minimum amount of time.
“Nine uniform test groups have been established
to evaluate the better strains developed in the breeding
programs, The Groups 0 through IV are adapted in the
northern part of the United States, and the Groups IV
through VIII are grown in the southern part. Within their
area of adaptation, there is a maturity range of 12 to 18

days within each maturity group. The best standard variety
available of each maturity class is used as a check variety
with which to compare new strains as to seed yield, chemical
composition, maturity, height, lodging, and seed quality. For
the groups grown in the southern area, the check varieties
are Perry, Dorman, Ogden, Roanoke, and Improved Pelican.
At Stoneville, Mississippi, where all maturity classes will
mature, the approximate maturity dates of these varieties
when planted during the first half of May are: Perry,
September 6; Dorman, September 20; Ogden, October 10;
Roanoke, October 25; and Improved Pelican, November 8.
“The 1952 cooperative nurseries complete 10 years
of regional strain evaluation in the Southern States. Of the
43 strains included in Groups V through VIII, only three,
S-100, Ogden, and Acadian, were included in 1943. The
results of these tests have shown the advantages of the
improved varieties, and as a result, varieties such as Ogden
and Roanoke have replaced largely the older varieties such
as Arksoy, Ralsoy, Tokyo, Woods Yellow, and Palmetto.
However, the good characteristics of some of these strains
have been utilized in the breeding program. For example,
N47-3479, which has shown promise in Group VII, has
Palmetto as one of its parents. Although the variety CNS
was shown to have an oil content too low for satisfactory
commercial production, its resistance to bacterial pustule has
been incorporated into many of the new strains now in test.
“A wide range of soil and climatic conditions exist in
the region. As an aid in recognizing regional adaptation,
the region has been subdivided into five rather broad areas,
which still represent a wide range of soil types. These are:
(1) the East Coast, consisting of the Coastal Plain and
Tidewater areas of southern Delaware, the Eastern Shore of
Maryland, Virginia, North Carolina, and the upper half of
South Carolina; (2) the Southeast, consisting primarily of the
Coastal Plain soils of the Gulf Coast area, but also including
similar soils from South Carolina southward; (3) the Upper
and Central South, including the Piedmont and loessal
hill soils east of the Mississippi River; (4) the Delta area,
composed of the alluvial soils along the Mississippi River
from southern Missouri, southward, and (5) the Southwest,
comprising Arkansas and Louisiana, outside of the Delta,
and Oklahoma and Texas. In the Southwest area, most of
the potential soybean-growing areas are on the alluvial
river valley soils. A map is included to illustrate the five
production areas,
“On nearly all of the Coastal Plain, Piedmont, and
loessal soils fertilization is essential for satisfactory
soybean production. A table showing soil types and rate of
fertilization is included.
“As a further aid in interpreting varietal responses,
rainfall data is reported for many of the locations where
nurseries were grown. Since much of the summer rainfall
is from local showers, rainfall data is included only from
locations where records were taken reasonably close to the
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nurseries. Daily minimum and maximum temperatures are
reported for the representative locations for the various
production areas.
“The 1952 season was characterized by an extreme
summer drouth [drought], especially in the Delta section, and
by an early killing frost. The effects of the frost were felt in
the Southwest, Delta, and upper East Coast plantings.
“In calculating variety means for seed yield, data from
tests with extremely low yields or where the coefficient of
variability exceed 25 per cent, are not included in the area
means.” Address: 1. Agronomist; 2. Clerk-Stenographer
[Stoneville, Mississippi].
1078. Kashima, R.; Noguchi, K. 1953. Studies on the
relation between the yield of soy-bean and the third leaf.
Kyushu Nogyo Kenkyu (Kyushu Agricultural Experiment
Station, Bulletin) 11:15-16. March. [Jap]*
1079. Suetsugu, Isao; Anaguchi, Ichiryo. 1953.
[Embryologenic ecology of soybean varieties and its aftereffect; with special reference to the ecological effect of the
seed development caused by the controlled conditions and its
after-effect to the plant growth in the following generation.
I]. Hokuriku Nogyo Kenkyu (J. of Hokuriku Agriculture)
2(2):1-26. March. [28 ref. Jap; eng]
• Summary: “This study has been started upon the notion of
‘Embryologenic ecology.’
“The primary objectives were (i) on the ecological
effects on plant growth and the seed development under the
controlled condition–long-day (all night exposed), short
day (8-hour day), high-temperature (glass house), hightemperature and short-day treatments and others, and (ii) test
of their after-effects owing to these specific treatments on the
plant growth in the following generation.”
1080. Wynd, F.L. 1953. Availability to soybeans of iron in
several relatively insoluble substances. Lloydia 16(1):77-82.
March. [14 ref]
• Summary: Soybeans were grown in hydroponic culture,
with iron supplied by glass wool, pumice, magnitite, and a
specially compounded glass frit.
“The plants growing in the glass frit were vividly green
in color and produced flowers normally. All plants supplied
with the remaining types of iron-containing materials
became severely chlorotic and died before their flowers were
fully opened.”
The iron in the glass frit had very low solubility, only
“2.5 times that of a commercial soft drink bottle.” Address:
Research Prof., Dep. of Botany and Plant Pathology,
Michigan State College, East Lansing, Michigan.
1081. Wareing, P.F. 1953. A new photoperiodic phenomenon
in short-day plants. Nature (London) 171(4353):614-15.
April 4. [4 ref]

• Summary: Studies on Biloxi soybeans suggest that the
length of the limiting photoperiod varies with the length of
the dark period. A table and a graph summarize the results.
Maximum flowering occurred with a cycle of 12 hours light
and 12 hours dark. The flowering response was reduced
in all treatments in which the dark period was greater than
12 hours. Flowering was completely inhibited when the
following combinations were used: 15 hours of light and 21
hours of dark; 12 hours of light and 24 hours of dark.
Note: This is the earliest English-language document
seen (July 2010) with the term “short day” or “short-day
plants” in the title. Short-day plants flower when the night
is longer than a critical length. Address: Botany Dep.,
University, Manchester [England].
1082. Evans, Harold J.; Nason, Alvin. 1953. Pyridine
nucleotide-nitrate reductase from extracts of higher plants.
Plant Physiology 28(2):233-54. April. [33 ref]
• Summary: Describes the properties of an enzyme from
soybean leaves; it catalyzes the reduction of nitrate to nitrite
by the oxidation of TPNH or DPNH. Evidence is presented
that this or a similar enzyme is present in six other higher
plant species examined. Address: McCollum-Pratt Inst., The
Johns Hopkins Univ., Baltimore, Maryland.
1083. Kernkamp, M.F.; Frosheiser, F.I.; Gibler, J.W. 1953.
Effect of seed treatment on yield and nodulation of soybeans
in Minnesota. Plant Disease Reporter 37(4):222-25. April
15.
• Summary: “Summary and Conclusions: Stands of
soybeans have been increased consistently by chemical seed
treatment in green house tests, especially when the seeds are
mechanically injured, moldy, badly weathered, or planted in
soil infested with one or more soil-borne pathogens. Similar
effects can be demonstrated in field tests. Rarely, however,
did increased stands produce increased yields. The results
from six field tests do not justify the recommendation that
soybean seed should be treated in Minnesota. However, the
seed was always protected to some extent, as indicated by
increased stands, and was injured only once in these tests. In
view of these results, a grower may want to treat the seed for
the added protection derived from seed treatment.” Address:
1. Assoc. Prof. of Plant Pathology and Botany, Univ. of
Minnesota and Collaborator Division of Forage Crops and
Diseases, USDA.
1084. Klein, W.H.; Leopold, A.C. 1953. The effects of
maleic hydrazide on flower initiation. Plant Physiology
28(2):293-98. April. [5 ref]
• Summary: “Photoperiodic induction of Biloxi soybean
was inhibited somewhat.” “Evidence was brought forth
suggesting that maleic hydrazide inhibits the production
of flower primordia primarily through its inhibitory effect
on growth, rather than by any specific action against
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the photoperiodic mechanism itself.” Address: Dep. of
Horticulture, Purdue Univ., Lafayette, Indiana.
1085. U.S. Regional Soybean Laboratory. 1953. Evaluation
of soybean germ plasm: A summary of data pertaining to
Soybean Introductions of Group I maturity. RSLM (U.S.
Regional Soybean Laboratory Mimeograph, Urbana,
Illinois) No. 168. May 15. Not for publication.
• Summary: The introduction states: “In order to make
the present introductions more useful and available to
soybean breeders, it was considered worthwhile to evaluate
the present stock of introductions by maturity groups and
circulate the information to soybean workers. The data
presented here are the first to be obtained under the new
plan. As other maturity groups are evaluated, additional
summaries will be prepared and made available to those
desiring them.
“Nine maturity groups have been established for
convenience in classifying the Plant Introductions, as well
as the soybean varieties and strains being evaluated by plant
breeders in the United States. Maturity Group 0 includes
strains that will bloom and mature normally under the
longer days encountered during the summer in the Dakotas,
Minnesota, and northern Wisconsin. Group I contains strains
generally adapted to South Dakota, the southern parts of
Minnesota, Wisconsin, and Michigan, and the northern part
of Ohio. Groups II, III, and IV include strains adapted to
locations further south in the Northern Central States, and to
other areas of similar latitude. Maturity Groups V, VI, VII,
and VIII contain lines adapted further south, with the Group
VIII material being of full season maturity in the Gulf Coast
area.
“The characters and information which are or will be
included in future reports were decided upon at a conference
held at Urbana in March of 1953. These characters are as
follows:”
Line number. Variety name or Plant Introduction
number. Source (such as Harbin, Kirin, Manchuria). Year
introduced (1922-1929). Flower color (purple, white,
or purple throat). Flowering date. Maturity date (95100% of pods ripe). Lodging (1 = erect; 5 = prostrate).
Height. Uniformity score (1 = good; 5 = poor). Growth
type (vegetable, hay, grain, procumbent, bushy, slender).
Pubescence color. Pubescence type (normal, appressed,
pseudo glabrous, glabrous). Degree of podding. Yield
(bushels/acre). Percentage of protein. Percentage of oil.
Color of seed coat. Color or hilum. Weight per 100 seeds.
Seed quality (1 = good; 5 = poor). Disease notes (0 =
immune; 5 = extremely susceptible). Remarks (deviations
from normal pod color, deviations from normal leaf shape,
deviations from 2-3 seeds per pod, deviations from normal
leaf surface, shattering, bloom on seed coat, stems green
after pods ripe).
Named varieties: Mandarin (Ottawa), Blackhawk. These

variety trials were conducted at Urbana, Illinois, in 1952.
Note: This is the earliest document seen (Dec. 2016)
with the term “germ plasm” (or “germplasm”) in the title.
Address: 501 Davenport Hall, Urbana, Illinois.
1086. Weber, C.R. 1953. Guide to higher soybean yields.
Iowa Agricultural Extension Service, Pamphlet No. 202. 4 p.
May.
• Summary: Grow the best variety for your region. Plant
in narrow rows, 21 to 24 inches apart. Kill the weeds early.
Plant the seeds about 1 inch apart in a row. Plant in May.
Inoculate seed before planting. Harvest properly.
Note: This is the earliest document seen (Aug. 2009)
that mentions “narrow rows,” and the earliest document seen
(Aug. 2009) stating that planting soybeans in narrow rows
gives higher yields. Address: Assoc. Prof. of Farm Crops,
Iowa State College, and agronomist USDA.
1087. Inouye, Choyo. 1953. [Influence of temperature on
the germination of seeds. 9. Soybean]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(3/4):276-77. June. [1 ref. Jap; eng]
• Summary: A large table shows the coefficient of
germination at various temperatures studied. For soybean
seeds in this experiment: Minimum 2-4ºC. Optimum 3436ºC. Maximum 42-44ºC. Address: Faculty of Agriculture,
Kochi Univ.
1088. Kato, Ichiro; Sakaguchi, Susumu. 1953. Daizu
funenjitsuryû no hasseikikô ni kansuru keitaigaku-teki
narabini seirigaku-teki kenkyû [Morphological and
physiological studies on the occurrence of aborted seed in
soy-bean. I. Development of flower and seed. II. Growth of
seed and pod]. Nippon Sakumotsu Gakkai Kiji (Proceedings
of the Crop Science Society of Japan) 21(3/4):271-72. June.
[Jap; eng]
• Summary: “The authors intended to study morphologically
and physiologically the mechanism of occurrence of aborted
seeds in soy-bean.
“(1) The primordia of all ovules in an ovary differentiate
simultaneously, regardless of their position in the ovary.
However, the development of embryo-sac is somewhat faster
at apical ovules, and also the increased numbers of nucleus
are recognized in pro-embryo of apical ovules. Accordingly
we suppose that the time of fertilization is earlier in apical
ovules.
“(2) The volume-increase of pods and seeds closely
related to their water content, because the curve of increase
shown by seed and pod resembles to the curve of water
content. Both seeds and pods reduce the water content after
about 10-15 days after fertilization, but after about 20-25
days only the seeds continue to reduce their water content,
while the pods do not.
“(3) After fertilization from 8 to 25 days, numbers

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 427
of embryo-cell increase conspicuously and growth of the
embryo-cells proceeds rhythmically repeating alternately the
resting and growing paces.
“(4) A conversion of size among seeds in a pod usually
occurs during growth; that is, in the early stage of embryonal
[sic, embryonic] development, the apical seed is largest,
while at the successive stage the basal one became largest,
and at the latest stage the central seed is larger than others.
“Accordingly ripening course of seeds takes turn twice;
and this turning takes place earlier in two-seeded-pod than in
three-seeded pod, but takes place later, or does not entirely in
pods on plants which grown under unfavorable condition.”
Address: Tokai-Kinki Agricultural Experiment Station.
1089. Kato, Ichiro; Sakaguchi, Susumu. 1953. Daizu
funenjitsuryû no hasseikikô ni kansuru keitaigaku-teki
narabini seirigaku-teki kenkyû [Morphological and
physiological studies on the occurrence of aborted seed in
soy-bean. 2. III. Type of aborted seeds and their frequency,
position in pod and the time of occurrence]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 21(3/4):273-75. June. [Jap; eng]
• Summary: “The causes for occurrence of aborted seeds in
the soy-bean pod are classified as follows:
“1. Existence of ovule, failed in functioning the
fertilization.
“2. Collapse of embryo.
“(1) There are two types identified in the former case;
one is of extremely tiny structure and the other is deformed
into ‘pod in pod’. In this case, we could find out neither
abnormality nor abortion of pollen and ovule throughout the
morphological and physiological observations.
“The causes for fertilization failure which recognized
more frequently at basal ovule are accounted for the
protandry that behaved slightly in general and also for
position of basal ovule, which is located farther from the
stylar end and disadvantageous in receiving pollen.”
Note: “Protandry” is “a state in hermaphroditic systems
that is characterized by the development of male organs
or maturation of their products before the appearance of
the corresponding female product thus inhibiting selffertilization and that is encountered commonly in mints,
legumes, and composites...”
“However, on the other hand the basal ovules are
situated at the position rather favorable for absorbing water
and nutrients, and therefore the infertilized [sic, unfertilized]
basal ovule, where the embryo-sac has been degenerated,
developed rarely into ovary shape or small pod, shape.
“(2) As the second case, the collapse of embryo means
the ovule that fertilized but failed to develop into mature
seed.
“There are clearly found two critical peaks, one is at
pro-embryo and the other is at cotyledonous stage.
“Namely, the arrested development is observed at the

stage of urgent growth of embryo and then at the time of
remarkable reduction of water content from the ovule.
“Presumably the causes for collapse of embryo are as
follows; the one is due to the insufficient water supply and
the lack of proper nutrients at the time of vigorous growth of
embryo, and the other cause is that at the urgent growth stage
the formation of embryo is unbalanced with the vigorous
division and growth of embryo-cell.” Address: Tokai-Kinki
Agricultural Experiment Station.
1090. Sato, I.; Nishikawa, M. 1953. [One of the causes of the
impediment in the fruiting of soybeans]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(3/4):269-70. June. [Jap; eng]*
• Summary: Insect damage in relation to date of planting.
1091. Yamada, Noboru; Murata, Yoshio. 1953. [Study
on the respiration of crop plants. IV. Effect of 2,4-D on
the respiration of plants]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 21(34):199-200. June. [Jap; eng]
• Summary: An abnormal rate of respiration was observed in
soybean seedlings soon after they were sprayed with 2,4-D.
Note: This is the earliest document seen (Aug. 2001)
that mentions pesticides in connection with soybeans.
Address: National Inst. of Agricultural Science, Japan.
1092. Williams, J.H. 1953. Differential varietal response of
root tissues to exogenous growth regulators in soybeans, oats
and corn. Agronomy Journal 45(7):293-97. July. [13 ref]
• Summary: “The use of plant growth regulators in weed and
crop control has become an accepted agricultural practice.
The apparent selectivity of growth regulating substances, in
general, and 2,4-dichlorophenoxyacetic acid in particular,
exhibited between species of plants has resulted in wide
usage of such substances as herbicides.” Address: Associate
in Farm Crops, Iowa State College, Ames, Iowa.
1093. Leopold, A.C.; Guernsey, Frances S. 1953. Interaction
of auxin and temperatures in floral initiation. Science
118(3060):215-17. Aug. 21. [10 ref]
• Summary: In studies with Biloxi soybeans (a short-day
species), the seed was soaked in a 0.1 parts per million (ppm)
auxin (naphthalene-acetic acid) solution for 24 hours, after
which the seed was exposed to temperatures of 3ºC or 18ºC
for 2 weeks (i.e. vernalized). The seed was then sown in a
greenhouse under inductive photoperiod conditions (18 and
9 hours respectively). Seed vernalized at 3ºC produced more
than twice as many flowering shoots as that vernalized at
18ºC, which appeared to inhibit floral initiation.
In other studies on soybeans, plants were grown up to
the age of 2 weeks in 18-hour non-inductive photoperiods.
The plants were then subjected to photo-inductive treatments
(9 hour photoperiod) for 5 days, half of the plants being held
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during the 5-day period at 25ºC and half at 10ºC. At the start
of this 5-day period solutions containing up to 100 ppm of
auxin were applied to the tip of the youngest leaf. At the end
of the 5-day induction period, the plants were transferred to
18-hour photoperiods in greenhouses. Low concentrations
(0.1 to 1 ppm) of auxin promoted floral initiation in plants
held at 10ºC, but inhibited floral initiation in plants held at
25ºC.
The authors conclude that appropriate control of
temperatures to which seeds are exposed following auxin
treatment may increase the value of such treatments in
promoting flowering.
Barley was also studied. Address: Purdue Univ.,
Lafayette, Indiana.
1094. Racusen, D.W.; Aronoff, S. 1953. A homogeneous cell
preparation from soybean leaves. Science 118(3063):302-04.
Sept. 11. [1 ref]
• Summary: “A typical dicotyledonous leaf is composed
of three major types of tissue: epidermis, minor venation,
and mesophyll. From the data of Wylie (1) these tissues
appear to be present in roughly equal amounts. The specific
biochemical contributions of the individual tissues to the
general physiology of the leaf are essentially unknown
(except, of course, for the photosynthesis of the mesophyll).
Whereas epidermal cells may be obtained frequently merely
by stripping, no procedure exists for obtaining mesophyll
cells in quantity. We find that soybean leaves (var. Hawkeye) will yield a tissue-free mesophyll preparation when
carefully ground with 0.25 M sucrose, 0.05 M phosphate (pH
6.8) at ca 4ºC. A test tube homogenizer with a loosely fitting
pestle is used and the resulting suspension is filtered through
bolting silk (ca 100 threads/in.). The filtrate is centrifuged
at very low speed (ca 80 rpm) for several minutes. Upon
discarding the supernatant and resuspending the cells in a
nutrient solution, a tissue-free preparation of parenchyma
cells is obtained (Fig. 1).”
“The preparation is intriguing as a possibility for the
study of the nutrition and function of a specific type of
tissue in leaves, akin to that of a highly specific organ in an
animal.” Address: Inst. of Atomic Research and the Dep. of
Botany, Iowa State College, Ames, Iowa.
1095. Haferkamp, Mary E.; Smith, L.; Nilan, R.A. 1953.
Studies on aged seeds. I. Relation of age of seed to
germination and longevity. Agronomy Journal 45(9):434-37.
Sept. [27 ref]
• Summary: “Seeds used in this study included those of
wheat, oats, barley, rye, corn, alfalfa, peas, sainfoin, vetch,
sweetclover, soybeans, flax, mustard, and grass. They had
been harvested at the Dry Land Experiment Station at Lind,
Washington (principally in varietal nursery plots) from 1917
to 1950.”
Information is given on the germination and longevity

of the seeds of these 11 different plants after storage at air
temperatures in unsealed containers.
“The legumes–peas, sweet clover, alfalfa, sainfoin,
soybeans, and vetch–showed a relatively high percentage
of germination. On the whole, their seeds were quite viable
after many years of storage. Also, there was a considerable
percentage of hard seeds present after many years of
storage.”
A very large Table 1 gives “Results of germination tests
conducted during 1950 on seeds of numerous crop varieties
stored from 1 to 25 years. The table has 4 columns: Kind
and variety of seed (one line is given for each variety). Age
of seeds when germinated. Germination results. Relative
amount of mold.
Three varieties of soybeans were tested: Cayuga,
Mandarin and Sel. 53 [Selection 53?]. 100 seeds of each
were tested. Each germinated at age 9 years. 74-91% had
strong sprouts, 7-22% had weak sprouts, 2-5% had dead
sprouts, and 0-3% had very hard seeds. The relative amount
of mold was “light” for the first 2 varieties and none for
the 3rd variety. Address: Washington Agric. Exp. Station,
Pullman, Washington.
1096. Hashimoto, Takeshi. 1953. [Studies on the magnesium
nutrition of crops. 1. The metabolism of magnesium, of
several forms, in leaf and stem of soy-bean plant]. Nippon
Dojo Hiryogaku Zasshi (J. of the Science of Soil and
Manure, Japan) 24(1):51-55. Sept. [15 ref. Jap; eng]
• Summary: “Both soy beans for summer and autumn were
planted on the soil, deficient in magnesium.
“Of each plot applied with Mg-sulfate in increasing
amount (see Table 1), leaves and stems were sampled every
two weeks. With these samples, magnesium was determined
separately in three forms, water soluble, 95% alcohol
soluble, and 0.5 HCl soluble. (see Table 1, 2, 3 and 4; Fig
1-6)
“Referring to the three periods of growing, flowering
and podding, magnesium seemed to be essential to produce
pods.
“In general, Mg. sol. in H2O, was most easily moved,
while Mg. sol. in HCl, not so easily to be brought to be
moved.
“When Mg. sol. in H2O, decreased less than about
0.1% Mg, sol. in HCl, also began to decrease; The former
magnesium contained 0.0-0.5%, the latter became naught.
Mg. sol in alc. decreased with the above decreases. Mg
deficient symptom emerged, when Mg became 0.05 to about
0.1% in total.
“It was concluded that magnesium deficiency might
occur when its amount sol. in H2O, was reduced less than
0.04%.” Address: Dep. of Agricultural Chemistry, SAIJO
Agricultural High School.
1097. Watabe, T. 1953. [On the influences of drought
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conditions upon the growth of soybean plants, with special
regards to those upon flowering]. Saikyo Daigaku Gakujutsu
Hokoku (Scientific Reports of Saikyo University Faculty of
Agriculture Scientific Report) 5:142-54. Sept. [Jap; eng]*
• Summary: A preliminary report with same title is
in Proceedings of the Crop Science Society of Japan
22(1/2):95-96. Dec. 1953. DNAL 22.5 C88. In Japanese,
with English summary.
1098. Carr, D.J. 1953. On the nature of photoperiodic
induction: I. Photoperiodic treatments applied to detached
leaves. Physiologia Plantarum 6(4):672-79. Oct.
• Summary: “After treatment with a certain number of
favourable photoperiodic cycles a photoperiodically sensitive
plant will eventually flower even if the photoperiodic
conditions are then changed; it is said to be photoperiodically
induced.” Address: Dep. of Botany, Manchester Univ.
[England].
1099. Leopold, A.C.; Guernsey, Frances S. 1953.
Modification of floral initiation with auxins and
temperatures. American J. of Botany 40(8):603-07. Oct.
• Summary: “The treatment of seeds with naphthaleneacetic
acid solutions followed by a brief exposure to low
temperature (3ºC.) has been shown to be promotive of
flowering in Wintex barley, teosinte, Biloxi soybean, Victory
oats, and Sun-up corn. The promotive effect is evidenced
by increased numbers of flower primordia, more advanced
stages of flower development, and appearance of flowers
at lower nodes. The auxin treatments followed by room
temperature exposure (18ºC.) either inhibited flowering or
were without effect...” Address: Purdue Univ., Lafayette,
Indiana.
1100. Tanada, T.; Hendricks, S.B. 1953. Photoreversal of
ultraviolet effects in soybean leaves. American J. of Botany
40(8):634-37. Oct. [12 ref]
• Summary: “Summary: Soybean leaves... exhibit the
phenomenon of photoreactivation following damage by
ultraviolet radiation of 2537 angstrom units. By use of filters
it has been established that regions effective for reactivation
are at wave lengths shorter than 4500 angstrom units. The
reactivation is temperature dependent, indicating coupling
with accompanying nonphotochemical reactions.” Address:
Bureau of Plant Industry, Soils and Agricultural Engineering
[USDA], Beltsville, Maryland.
1101. Howell, Robert W.; Cartter, Jackson L. 1953.
Physiological factors affecting composition of soybeans.
I. Correlation of temperatures during certain portions of
the pod filling stage with oil percentage in mature beans.
Agronomy Journal 45(11):526-28. Nov. [10 ref]
• Summary: “There are at least two general ways in which
temperatures during short periods might affect the oil

content of beans at maturity: (1) Temperatures might affect
the development of the oil-forming mechanism in the
beans; such an effect would be exerted at an early stage and
therefore temperatures during such a period would have a
greater effect than might be expected from the amount of
oil actually synthesized. (2) Temperatures might affect the
equilibrium point of the oil-forming reactions; this would be
a direct effect and would be expected to be most effective at
a time when the rate of oil synthesis is at a maximum, i.e.,
when the rate is not limited by some other factor.” Address:
Plant physiologist and agronomist, respectively. Div. of
Forage Crops and Diseases, Bureau of Plant Industry, Soils,
and Agricultural Engineering, USDA.
1102. Akasawa, Takashi; Funahashi, Saburo; Uritani,
Ikuzo. 1953. [The metabolism of germinating plants. III.
Coupling of transamination with tricarboxylic acid cycle in
soybean seedlings]. Nippon Nogeikagaku Kaishi (J. of the
Agricultural Chemical Society of Japan) 27(12):849-53. Dec.
[18 ref. Jap; eng]
• Summary: Cytoplasmic particles isolated from soybean
seedlings were previously shown to be active as an enzyme
system in catalyzing the oxidation of acids in TCA cycle.
In this paper we present evidence that respiratory
oxidation of an acid of TCA cycle members by the cell
fraction in the presence of an alternative amino acid–alanine,
aspartate or glutamate–are followed by the formation of
remaining amino acids, when supplemented with coenzyme
concentrates. Therefore, it seems that the particles are active
in catalyzing action for the transamination which is coupled
with TCA cycle (from journal@rchive). Address: Lab. of
Biochemistry, Faculty of Agriculture, Nagoya Univ., Nagoya,
Japan.
1103. Dimmock, F.; Warren, F.S. 1953. The influence of time
of planting on the yield and composition of soybean seed.
Canadian J. of Agricultural Science 33(6):550-558. Nov/
Dec. [8 ref]
• Summary: “Planting soybeans at the normal seeding time
gave the highest yield and the highest percentage of oil in the
seed.
“Delayed planting decreased the yield and lowered the
oil content of the seed and the longer the delay, the greater
the reductions became.
“Delayed planting showed a tendency to increase both
the protein content of the seed and the iodine number of the
oil.” Address: Div. of Forage Plants, Central Experimental
Farm, Ottawa, ONT, Canada.
1104. Funahashi, Saburo; Akasawa, Takashi; Uritani,
Ikuzo. 1953. [The metabolism of germinating plants. II.
Pyruvate oxidation by the mitochondrial fraction]. Nippon
Nogeikagaku Kaishi (J. of the Agricultural Chemical Society
of Japan) 27(12):842-88. Dec. [29 ref. Jap; eng]
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• Summary: Pyruvate oxidation by the mitochondrial
fraction of soybean seedlings, including hypocotyl
and cotyledon, was investigated in the light of recent
understanding of the role of acyl-transferring coenzyme
A. Address: Lab. of Biochemistry, Faculty of Agriculture,
Nagoya Univ., Nagoya, Japan.
1105. Ozaki, Kaoru. 1953. [Studies on the intensity of
response to temperature and day-length during the growth
period of soybeans. II. Varietal response to temperature
and day-length and variation in main ecological characters
of soybean plant induced by different cultural practices,
with special reference to the time and method of seeding].
Hokkaido Nogyo Shikenjo Iho (Hokkaido National Agric.
Expt. Station, Research Bulletin) No. 65. p. 52-64. Dec. [Jap;
eng]*
Address: Sapporo, Japan.
1106. Takeshima, H. 1953. [Effects of treatment of
high temperature and short day on soy bean. 1]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 22(1/2):99-100. Dec. [Jap; eng]*
1107. Crocker, William; Barton, Lela Viola. 1953.
Physiology of seeds: An introduction to the experimental
study of seed and germination problems. Waltham,
Massachusetts: Chronica Botanica Co. xv + 267 p. Illust. 24
cm. *
• Summary: Soy is mentioned on pages iv, 23-24, 26, 35, 39,
42-43, 47, 48, 49, 57, 62, 80, 85, 108-09, 152, 156, 177, 183,
188, 193, 196, 200, 201, 206, 207, 212, 234, 241, 245, 248,
249, 257.
1108. Garren, R.; Remmert, L.F.; Lawrence, N.L. 1953.
Effect of 2,4-D on translocation and accumulation of food
materials in the bean plant. Botanical Gazette 115(2):105-21.
*
1109. Hashimoto, T.; Okamoto, M. 1953. [Studies on the
magnesium nutrition of crops. 2. Calcium amount of soybean
plant on magnesium deficient conditions]. Nippon Dojo
Hiryogaku Zasshi (J. of the Science of Soil and Manure)
24:231-34. [Jap; eng]*
• Summary: Abstracts of parts 2-4 in Chem. Abs. 48:4058d,
7710d. 1954; 49:15141d. 1955. DNAL 381 Am33C.
1110. Loehwing, Helen C. 1953. Diurnal changes in sap
acidity of certain plants. Proceedings of the Iowa Academy of
Science 60:192-99. For the year 1953. [24 ref]
• Summary: Studies with corn, tobacco, hemp, and soybean
(variety Ito San).
Table 4 shows “Soy Bean, pH values of expressed juice
(at 25ºC.) of tops of soy bean and temperature of air near
plants at time of each cutting. The four columns are: Hour

cut. Temperature. Moisture content. pH.
The pH rises from a low of 6.12 at 2 p.m. to a peak of
6.37 at 10 p.m. [mid morning], then falls to 6.20 at 10 a.m.
Address: Dep. of Botany, State Univ. of Iowa, Iowa City,
Iowa.
1111. Simmons, Raymond Olin. 1953. Fatty acids of the
soybean; their determination and order of formation. PhD
Thesis. Purdue University, Lafayette, Indiana. Dissertations
Abstracts International, 81-06B. *
1112. Snyder, F.W. 1953. Physiological effects of selected
herbicides on corn, cotton, soybean and certain noxious
weeds. A progress report. Proceedings of the Southern Weed
Conference 6:58-60. [Eng]*
1113. Argotti Botanic Gardens, University of Malta. 1953.
Index seminum: Anno 1953 collectorum. Quae Hortus
Botanicus Regiae Universitatis Melitensis. Pro Mutua
Commutatione Offert [Index of seeds: 1953 collection.
Which the botanical garden of the University of Malta has
offered as part of an exchange program]. Floriana, Malta. 8
p. [Lat]
• Summary: The plants are listed alphabetically by scientific
name on unnumbered pages. There is a one-line entry for
“Soja hispida.”
Note: This is the earliest document seen (Aug. 2015)
concerning soybeans in Malta, or the cultivation of soybeans
in Malta. This document contains the earliest date seen for
soybeans in Malta, or the cultivation of soybeans in Malta
(1953). The source of these soybeans is unknown. Address:
Malta.
1114. Delouche, James C. 1953. Influence of moisture and
temperature levels on the germination of corn, soybeans and
watermelons. Proceedings of the Association of Official Seed
Analysts 43:117-26. [23 ref]
• Summary: “Maximum germination in minimum time for
corn and soybeans was obtained at 30ºC.” Address: Iowa
State College, Ames, Iowa.
1115. Sackoff, Martin Michael. 1953. A quantitative
chemical and chromatographic study of changes occurring in
amino acids and other nitrogenous constituents in etiolated
soybean seedlings. PhD thesis, University of Delaware.
117 p. Page 4176 in volume 22/12 of Dissertation Abstracts
International. *
Address: Univ. of Delaware.
1116. Sherf, Arden F. 1953. Correlation of germination data
of corn and soybean seed lots under laboratory, greenhouse,
and field conditions. Proceedings of the Association of
Official Seed Analysts 43:127-30. [10 ref]
• Summary: “Comparative laboratory, greenhouse sand, and
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field germinations were made on treated and non-treated seed
lots of corn and soybeans. Laboratory tests were found to
provide an accurate measure of germination potential when
the seeds were planted under favorable field conditions. Low
germination response of soybean seed in greenhouse sand
suggests that greenhouse conditions may not always provide
a reliable standard for laboratory tests.” Address: Iowa State
College.
1117. Fisher, J.E.; Loomis, W.E. 1954. Auxin-florigen
balance in flowering of soybean. Science 119(3080):71-73.
Jan. 8. [12 ref]
• Summary: Florigen is the postulated flowering hormone.
Since Dostál and Hosek (1937) first showed that flowering of
plants could be delayed or prevented by a growth hormone,
or auxin, there has been growing speculation that auxin may
be antagonistic to the postulated florigen.
Experiments were conducted to determine the effect
of nicotine sulfate, auxin, and triiodobenzoic acid on the
flowering of Lincoln soybeans grown under different
photoperiods. Evidence was found that the flowering
was regulated by hormones, but it was not possible to
differentiate between auxin-florigen balance, and the
existence of balanced levels of auxin, alone, as the
controlling agent. Address: Dep. of Biology and Plant
Pathology, Iowa State College, Ames.
1118. Matrone, Gennard; Weldon, V.B.; Smart, W.W.G.,
Jr.; Sherwood, F.W.; Smith, F.H.; Wise, G.H. 1954. Effects
of phosphate fertilization and dietary mineral supplements
in the nutritive value of soybean forage. J. of Nutrition
52(1):125-36. Jan. [7 ref]
• Summary: “Summary: 1. Data from two crops (1948 and
1950) showed that phosphate fertilization doubled the yield
of soybean forage and produced a plant (+ P) having a higher
concentration of calcium and phosphorus but a lower leaf
percentage, by weight, than the plants grown on soil not
fertilized with phosphate (- P).
“2. A rabbit assay is described which was successfully
employed in the study of the relative nutritive value of
these crops. Rabbits fed diets containing the–P forage made
smaller gains and had a lower level of inorganic phosphorus
in the blood serum, and bones of greater fragility, than did
those fed the diets containing the + P forage...” Address:
Dep. of Animal Industry, North Carolina Agric. Exp. Station,
Raleigh, and U.S. Plant, Soil and Nutrition Lab., Ithaca, New
York.
1119. Wareing, P.F. 1954. Experiments on the ‘light-break’
effect in short-day plants. Physiologia Plantarum 7(1):15772. Jan. [17 ref]
• Summary: “It is well know that a short interval of
light (‘light-break’) given during the dark period has a
profound effect on the photoperiodic responses of many

species. Flowering in ‘short-day’ plants depends on their
being exposed to cycles which include a certain minimum
period of darkness (‘critical dark period’) and is partially
or completely inhibited if the dark period is interrupted by
a short light-break... In ‘long-day’ plants the position is
reversed...”
The effects of light breaks given during very long
dark periods were investigated in the Biloxi soybean and
Xanthium pennsylvanicum [cocklebur], in relation to various
lengths of photoperiod and to total cycle-length. Address:
Dep. of Botany, The University, Manchester, England.
1120. Kato, Ichiro; Sakaguchi, S. 1954. [Studies on the
mechanism of occurrence of abortive grains and their
prevention on soybeans, Glycine max M.]. Tokai-Kinki
National Agricultural Experiment Station, Bulletin No. 1. p.
115-32. March. [18 ref. Jap; eng]
• Summary: “We have carried out the studies on the
mechanisms of occurrence of abortive grains of soybean
plant, Glycine Max M, from 1949 till 1953. Observations are
summarized as follows:
“1. Every size of abortive grains are usually seen in
the pod. They are green at first and change their colour to
brownish but not result the yield. Abortive grains that we can
see are often very small and in some cases are rather large.
The small one that has about 1 mm in diameter situates at
basal position on pods and the large one that has 3-5 mm
in width of grain situates at medium position or at basal
position.
“2. These abortive grains are more in cultivation of
dry condition, and few in wet condition and especially in
cultivation on ridges in paddy field.
“3. We have observed those abortives anatomically. and
could distinguish the following five kinds.
“(1) The grain failed in fertilization. (Plate I. 4-c)
“(2) “Pod-in-pod”. (Plate IL 5. 6)
“(3) The undeveloped grain at the initial stage of proembryo. (Plate I. 3)
“(4) The undeveloped grain at the later stage of proembryo. (Plate Ti. 7. 8, Plate III. 9.)
“(5) The undeveloped grain at the cotyledonous stage.
(Plate IV. 11. 12) 4.
The grains failed in fertilization, which are not so
many, are seen more frequently at basal ovule. Though
each grain sets on a same pod does not show any difference
morphologically and physiologically, but the order of
fertilization and their embryonal development of each grain
shows some difference in a pod (See the previous paper p.
108), the causes for fertilization-failure will be accounted by
the protandry, in general, and also by position of basal ovule,
which disadvantageous in receiving pollen, situated farther
from the stylar end.
“5. However, on the other hand, the basal ovules are
situated at the position rather favorable for absorbing water
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and nutrients. therefore the basal ovule which failed in
fertilization and corrupted its embryo-sac, develop rarely into
ovary-shaped or small pod-shaped thing, that is so-called
“pod in pod”. They are found seldom, and as they seem to be
the secondary growth of grain failed in fertilization, so we
can not see any minute thing like ovules inside of them.
“6. Most of abortive grains in pods were observed to be
undeveloped grains at the later stage of pro-embryo or at the
cotyledonous stage. Size of the abortive grain in former cases
were about 1 mm in diameter and in the latter cases they
were 3-5mm in width.
“7. The stop of grain developing occurs firstly at its
endosperm and embryo, and expand to whole grain. Such
grain stops its growth and then gradually comes to the
collapse of entire organization. The size of embryo of
undeveloped grain is small as compared to the normal grain,
but the size of grain and the number of cells of the embryo
are not different between both cases.
“8. The time, when the grain stopped its development
at the later stage of pro-embryo was during 10-15 days after
flowering, and the time, at cotyledonous stage, was during
20-25 days after flowering. Both stages were just in urgent
growth of embryo.
“9. The principal three stages when such undeveloped
grains were produced (as has written in 3, the detail of
undeveloped grain at the initial stage of pro-embryo are not
yet explained in this summary, but will be reported in the
next paper) corresponded to the stages of the elongation of
embryo-cells (as has written in Table 5 of this report).
“10. Soybean plants produce many undeveloped grains
and decrease the yield when the shortage of water occurs
from the later stage of flowering till the beginning of
ripening. The water-supply, both from underground and by
spraying on plants, decreases the occurrence of undeveloped
grains, and both methods has about the same results
preventing the undeveloped grains.
“11. By our observations at the initial stage of proembryo, the size of embryo of plants grown in the shortage
of water is smaller than the one cultivated in wet condition
during the flowering time and the beginning of ripening.
However, the division of embryo-cells are a little advanced
in the former, that is, the numbers of embryo-cells is more
than in the latter. And also the size of embryo-cells are
clearly seen to be smaller at the condition of the former.
“According to our observations and our knowledge
as has already written, we presume the mechanisms of
occurrence of undeveloped grain as follows. Young embryo
is sensitive to the environments and is easily destructed by
the bad conditions especially in the urgent growing period,
such as elongation-stage of embryo-cell. And the shortage
of water has the strongest influence. The stop and collapse,
of grain development appear at first in, the inactiveness of
elongation of embryo-cells, and comes to the unbalance
between elongation and division of embryo. The next,

growth of embryo-cell stops through the congelation of their
nucleus. Such process begin in endosperm at first, in embryo
at about same time, and then expand to whole grain, thus
resulting undeveloped grains.
“The shortage of water is due to the depriving of water
by many organs in competitional status. Of course, during
this time the insufficient water supply from the outside
promotes the occurrence of undeveloped grains. Such
undeveloped grain occurs naturally at recessive positions
more frequently.
“At the earlier stage after fertilization, top grain
dominates to basal one because the order of fertilization and
development of embryo are fast there among grains on a pod,
therefore, the undeveloped grain at the stage of proembryo
occurs at basal position. At the next cotyledonous stage,
every grain grows so fast and need rather much water and
nutrients, basal position is favourable for absorption in this
time. It will be understood that the undeveloped grain of
cotyledonous stage are found comparatively frequently at
medium position, where the condition is not so favorable
by superiority of top and basal grains, by either of earlier
fertilization or of easiness of absorption.” Address: TokaiKinki National Agric. Exp. Station, Tsu, Mie prefecture,
Japan.
1121. Kato, Ichiro; Sakaguchi, Susumu; Naito, Yasuo. 1954.
[Development of flower parts and seed in the soybean plant,
Glycine max M.]. Bulletin of the Division of Plant Breeding
and Cultivation, Tokai-Kinki National Agric. Exp. Station
(Ogoso, Tsu City, Japan) 1:96-114. March. [27 ref. Jap; eng]
• Summary: English summary, p. 106-108. Includes six
plates. The long (3-page) English abstract begins:
“I. These works were conducted from 1960 to 1962, on
the farm of Tokai-Kinki National Agricultural Experiment
Station, Ishinden-machi, Mie-prefecture.
“The material was taken from varieties of
‘Nagabahadaka’ and ‘Tamana-zairai,’ cultivated normally.
Microscopic observations were made by permanent
preparations, which were fixed with Carnoy’s fluid
and stained with Heidenhein’s Iron Haemotoxylin. We
distinguished 21 stages during the course of development
of flower and seed, each of which we recognized the
differentiation of some new organ or some conspicuous
characteristics.
“21 stages and its explanation by plates.
“(1) Stage of flower-bud differentiation.
“(2) Stage of sepal differentiation.
“(3) Stage of petal, stamen, and carpel differentiation...”
Address: Tokai-Kinki National Agricultural Experiment
Station [Japan].
1122. Magee, Wayne E.; Burris, R.H. 1954. Fixation of N215
by excised nodules. Plant Physiology 29(2):199-200. March.
[8 ref]
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• Summary: “Consistent fixation of nitrogen by excised
soybean root nodules has been demonstrated recently by
Aprison and Burris (2), although previous experiments (4,
7, 8) had yielded positive results only occasionally. The
success of the present method is attributed to the short time
lapse between picking the nodules and placing them under a
gas mixture containing N215, and the subsequent analysis of
only the acid soluble portion of the nodules for N15. Lincoln
variety soy-beans were used originally (2),...”
Soy is mentioned 12 times in this article. Address: Dep.
of Biochemistry, Univ. of Wisconsin, Madison, WI.
1123. Richmond, Jonas E.; Salomon, K. 1954. Biosynthesis
of hemin in soy bean root nodules (Abstract). Federation
Proceedings (FASEB) [Federation of the American Society
for Experimental Biology, Proceedings] 13:280. March.
• Summary: “It has been shown by others that the root
nodules of leguminous plants contain a hemoprotein with a
prosthetic group indistinguishable by the methods used from
protohemin IX of hemoglobin. The present investigation is
concerned with studies on the biosynthesis of this pigment
in soy bean root nodules. The capacity of soy bean nodules
and homogenates to incorporate the carbon atoms of glycine
and acetate into hemin was determined using various media
for homogenization and incubation. Nodule homogenates,
similar to bone marrow homogenates, were capable of
incorporating the carbon atoms of acetate and the alpha
carbon atom of glycine into the tetrapyrrole structure.”
Address: Depts. of Biochemistry and Radiation Biology,
Univ. of Rochester School of Medicine and Dentistry,
Rochester, New York.
1124. Takeshima, Hiroji. 1954. [Effects of the high
temperature and short day treatments applied in early stage
of growth in soybeans. II]. Yamagata Daigaku Kiyô: Nôgaku
(Bulletin of Yamagata University, Agricultural Science)
1(4):346-52. March. [11 ref. Jap; eng]
• Summary: “(1) By three such treatments as short day (8
hours), high temperature and high temp-short day (electro
heating hot bed), the varietal differences in relation to the
acceleration of flowering time, the growth and the yields
were observed in 9 varieties of types as summer or autumn
soybeans.
“(2) The flowering time of summer type was more
accelerated than that of other types in the high temperature
condition, but in the short day condition, the flowering time
of autumn type was more accelerated than the other types.
The acceleration by the short day treatment was far greater
than that by the high temperature treatment.
“(3) The acceleration by the high temp-short day
treatments was greater than that by the individual treatment
of high temperature or short day, especially it was
remarkable in the intermediate type.
“(4) It seems that the 5 days treatment is not effective

and at least it is necessary to treat more than 10 days,
supposingly the most profitable length of treatment being 15
days or so.
“(5) By the treatment of high temperature, the growth of
plant in its younger stage was promoted, but by the short day
treatment it could not be seen.
“(6) By the treatment of high temperature or short day,
the growth of plant in its senior stage was inhibited and the
length of these stems were less than the control (natural
condition).
“(7) By the short day treatment, the yield was decreased
and less than the control.” Address: Lab. of Crop Science and
Plant Breeding, Faculty of Agriculture.
1125. Warington, Katherine. 1954. The influence of iron
supply on toxic effects of manganese, molybdenum and
vanadium on soyabean, peas and flax. Annals of Applied
Biology 41(1):1-22. March. [26 ref]
• Summary: Addition of 2.5 ppm of vanadium to plants in
which iron chlorosis was already established, either due
to lack of iron or excess manganese, failed to counteract
the condition, and caused toxic symptoms. Yield figures
for soybeans and flax indicated an interaction between
manganese with both molybdenum and vanadium if the
iron supply was low, but none between molybdenum and
vanadium. Address: Rothamsted Exp. Station, Harpenden,
Herts. [Hertfordshire, England].
1126. Nelson, C.E.; Harrington, A.H.; Gifford, Jenn C.
1954. Soybean production in irrigated central Washington.
Washington Agricultural Experiment Station, Stations
Circular No. 250. April. 9 p.
• Summary: Partial contents: Introduction. Testing adapted
varieties. A fertilizer experiment with Pridesoy 57 soybeans.
The economics of soybean production... Growing soybeans:
Climatic adaptation and soils for soybeans, variety selection,
fertilizing, preparation of the seedbed, planting, cultivating
and ditching, irrigating, harvesting and storing, summary.
Tables: (1) 1949-51 soybean variety trials (Maturity
Group 0, I and II). (2) Yields, lodging and maturity data from
the Moses Lake soybean fertilizer experiment.
Photos: (1) A photo on the front cover, showing a hand
reaching into a cloth sack of soybeans, is titled: “How about
soybeans for the Columbia Basin?” (2) Nitrogen fertilizer
delayed maturity. Pridesoy 57 soybeans (left) received
no fertilizer. Those on the right received 120 pounds of
available nitrogen per acre.
Note: This Circular totally misses the point! Green
vegetable soybeans will grow very well and mature in
Washington state; See Tom Lumpkin 1991+. Address: 1.
Agronomist, Soil and Water Conservation Research Branch,
Agriculture Research Service, USDA, Irrigation Experiment
Station, Prosser, Washington.
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1127. Aprison, M.H.; Magee, W.E.; Burris, R.H. 1954.
Nitrogen fixation by excised soy bean root nodules. J. of
Biological Chemistry 208(1):29-39. May 1. [15 ref]
• Summary: Early attempts to demonstrate nitrogen fixation
by excised legume nodules were all unsuccessful.
“Consistent evidence of fixation of nitrogen by excised
nodules was finally obtained (5) by rapid exposure of fieldgrown soy bean nodules to as isotope of N2 and analysis
of only their acid-soluble portion. The time-course of the
fixation made it extremely unlikely that the fixation arose
from bacterial contamination.
“This paper describes further studies undertaken to
clarify the fixation process in excised nodules.”
Fixation is reduced in sliced nodules and absent in
crushed nodules. Address: Dep. of Biochemistry, College of
Agriculture, Univ. of Wisconsin, Madison, WI.
1128. Evans, Harold J. 1954. Diphosphopyridine nucleotidenitrate reductase from soybean nodules. Plant Physiology
29(3):298-301. May. [10 ref]
• Summary: The soybean is the main legume species
discussed. Nitrate reductase can be obtained from soybean
leaves. “Summary: Cell free extracts of soybean nodules
have been prepared which catalyze the reduction of nitrates
to nitrites in presence of reduced diphosphopyridine
nucleotide. The enzyme activity is strongly inhibited by
sodium azide and cupric sulfate and weakly inhibited by
potassium cyanide. Initial purification procedures have
resulted in a five-fold increase in specific activity. It was
shown that nitrate reductase is present in all of the eleven
samples of nodules tested, from four different legume
species. Results are discussed from the standpoint of the
requirement of molybdenum for both nitrate reduction and
nitrogen fixation, and it is concluded that there is ample
indirect evidence to consider the possibility of a role of
nitrate reductase in nitrogen fixation.” Address: North
Carolina State College, Raleigh, North Carolina.
1129. Fukui, Juro; Yarimizu, H.; Uchiyama, Y. 1954.
[Influence of soil moisture content on the growth and
yield of soy-bean. IV. Growth and yield of soy-bean plants
as affected by the change of underground water level at
different growing period]. Kanto-Tosan Nogyo Shikenjo
Kenkyu Hokoku (J. of the Kanto-Tosan Agricultural
Experiment Station) No. 5. p. 28-32. May. [11 ref. Jap; eng]
• Summary: Note: This agricultural experiment station is in
Saitama prefecture, Kitaadachi-gun. Address: Kanto-Tosan
Agricultural Experiment Station, Konosu, Saitama, Japan.
1130. Osler, Robert D.; Cartter, Jackson L. 1954. Effect
of planting date on chemical composition and growth
characteristics of soybeans. Agronomy Journal 46(6):267-70.
June. [4 ref]
• Summary: “Numerous investigations with soybeans and

other crops have shown that variation in planting date may
affect not only yield but other plant and seed characters as
well”–including the chemical composition of the seeds. the
oil content, the iodine number and the degree of lodging.
Delay in planting was generally associated with a greater
degree of lodging. Each variety has a planting date in a
particular location that will give the highest yield. In general,
the highest oil content was attained at the early dates of
planting and decreased progressively with later planting.
Protein content was generally inversely related to the oil
content; the more protein, the less oil. There was also a slight
decrease in iodine number with delay in planting. Address:
Agronomists, Field Crops Research Branch, USDA ARS and
Illinois Agric. Exp. Station, cooperating.
1131. Suetsugu, Isao; Anaguchi, Ichiryo. 1954. [Relation
between the size of seed and the yielding efficiency in
soybean]. Nippon Sakumotsu Gakkai Kiji (Proceedings of the
Crop Science Society of Japan) 22(3/4):117-18. June. [1 ref.
Jap; eng]*
Address: Faculty of Agriculture, Utsunomiya Univ.
1132. Yamamoto, R. 1954. [Collecting conditions of
soybean seeds and their effects upon the growth of the
plant. I. Comparison between the plants raised from the
seeds collected on the high lands and those from the seeds
collected on the low lands]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
22(3/4):28-29. June. [Jap; eng]*
1133. Richmond, Jonas E.; Salomon, K.; Caplin, S. 1954.
Biosynthesis of hæmin in soy-bean nodule homogenates.
Nature (London) 174(4418):34-35. July 3. [3 ref]
• Summary: “It has been shown that root nodules
of leguminous plants contain a haemoprotein with a
prosthetic group indistinguishable from protohaemin IX of
haemoglobin (1). Elucidation of the mechanism of formation
of this pigment in plant material should broaden our
knowledge of biosynthetic reactions leading to the formation
of porphyrins, and make it possible to compare haemin
synthesis in plant and animal tissues.” Address: 1-2. Depts.
of Biochemistry and Radiation Biology; 3. Dep. of Biology.
All: Univ. of Rochester, Rochester, New York.
1134. Buenning, E. 1954. Der Verlauf der endogenen
Tagesrhythmik bei photoperiodischen Stoerlicht-Versuchen
mit Soja [The course of the endogenous daily rhythm in
photoperiodic interrupted-light trials with soyabeans].
Physiologia Plantarum 7(3):538-47. July. [6 ref. Ger]
• Summary: Bunning considers the leaf movement to be
a circadian manifestation of the physiological clock, i.e.,
a manifestation of the basic biological clock. Address:
Botanisches Institut der Universitaet Tuebingen, Germany.
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1135. Hartwig, Edgar E. 1954. Factors affecting time of
planting soybeans in the southern states. USDA Circular No.
943. 13 p. July.
• Summary: Contents: Studies at Stoneville, Mississippi:
Factors to be considered in determining planting date:
soil temperature, day length, rainfall in the spring. Plan of
studies. Results: growth rate, time of blooming, plant height,
length of fruiting period, date of maturity, seed yield, seed
quality, chemical composition of seed. West Florida results.
Summary.
Studies were conducted at Stoneville, Mississippi,
during 1949-51, and in West Florida in 1952. They were
designed to provide basic information on the rate of
emergence and growth, total growth, seed yield, and seed
composition of soybeans planted over a range of dates in
the southern USA. Varieties used were Wabash, S-100,
Ogden, and Roanoke, the top-yielding varieties of maturity
groups IV, V, VI, and VIII and classified as very early, early,
medium, and medium late, respectively, at Stoneville.
Summary (p. 12-13): “A time-of-planting study
conducted at Stoneville, Mississippi, with four varieties of
soybeans gave very similar results each year for the 3-year
period 1949-51, even though moisture conditions differed by
seasons.
“Optimum planting date for the Southern States appears
to be that date when the minimum soil temperature attains
65ºF. and after the day length reaches or exceeds 14½ hours.
“Planting under such conditions will give more rapid
emergence, more rapid growth, higher seed yields, and better
seed quality than earlier planting. Rapid emergence and rapid
growth should contribute to greater ease in weed control.
“Medium- and medium-late maturing varieties show
less reduction in bean yield from late plantings than do
short-season varieties. A delay of 72 days in planting delayed
maturity of Wabash 33 days; S-100, 33 days; Ogden, 24
days; and Roanoke, 5 days. Therefore, in a double-cropping
system, where soybeans are planted late following white
potatoes or small grain, a medium-late maturing variety
will usually give higher seed yields than earlier maturing
varieties, and its maturity will closely approximate its normal
maturity date for earlier plantings. Since height is reduced
in late plantings and pods are formed closer to the ground,
less harvesting loss will usually be encountered in very late
plantings by utilizing tall varieties of medium, medium-late,
or late maturity.
“Seed yield data from a date-of-planting study made at
Walnut Hill, Florida, are in agreement with the conclusions
drawn at Stoneville, Mississippi.
Page 3: “For convenience, soybean researchers classify
soybean varieties in nine maturity groups, 0 to VIII. Groups
0 and I are adapted in the northern part of the United States.
Succeeding groups are adapted farther south. Group VIII is
adapted only in the extreme southern area of the country.
Wabash, of group IV maturity, is a full-season variety in

south-central Indiana.” Address: Agronomist, Field Crops
Research Branch, Agricultural Research Service, Stoneville,
Mississippi.
1136. Racusen, D.W.; Aronoff, S. 1954. Metabolism
of soybean leaves. VI. Exploratory studies in protein
metabolism. Archives of Biochemistry and Biophysics
51(1):68-69, 77-78. July. [17 ref]
• Summary: “With increasing time between excision
of soybean leaves and exposure to C1402, there was a
decreasing ability to convert amino acids to proteins. Excised
leaves incorporated glutamate preferentially into protein.
“Degradation of phenylalanine from leaves, excised 12
hr. prior to 1-hr. photosynthesis in C1402, showed uniform
distribution. Consequently, the excised leaf can synthesize
the aromatic ring.” Address: Inst. of Atomic Research and
Dep. of Botany, Iowa State College, Ames, Iowa.
1137. Mozen, M.M.; Burris, R.H. 1954. The incorporation
of 15N-labeled nitrous oxide by nitrogen-fixing agents.
Biochimica et Biophysica Acta 14(4):577-78. Aug.
1138. Arikado, Hiroki. 1954. Different responses of soybean
plants to an excess of water with special reference to
anatomical observations. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 23(1):2836. Sept. [43 ref. Eng]
• Summary: Deals with the effect of soil moisture on the
development of the aërenchyma and adventitious roots,
Compares wild and cultivated soybeans.
This article begins: “The writer reported previously
that Tsurumame, Glycine usuriensis is much more tolerant
against excess-moisture injury than Kurosengoku, G. hispida
(1), and, that a conspicuous aerenchyma, which is originated
from the secondary meristem homologous with phellogen,
has spread over the periderms of the stem, hypocotyl, roots,
and nodules of Tsubumame growing wild under swamp
conditions (2). He further reported on an aerenchyma derived
from the fundamental meristem in the rice plants (3). The
present paper deals with the effect of soil moisture on the
development of the aerenchyma and adventitious roots with
special reference to anatomical observations, and its relation
to tolerance against excess-moisture injury in soybean plants.
Before proceeding further the writer wishes to express his
hearty thanks to Drs. S. Ueda and M. Yamasaki for their
giving him many encouraging suggestions.” Address:
Faculty of Agriculture, Mie Univ. [Japan].
1139. Arikado, Hiroki. 1954. Yasei daizu no tsûki soshiki
[Studies on aërenchyma developed in wild soy-bean
plant (Glycine usuriensis)]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
21(3/4):267-68. Sept. [1 ref. Jap; eng]
• Summary: Note: The aerenchyma is a soft plant tissue
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containing air spaces, found especially in many aquatic
plants. In English, the word is typically written without
diacritical marks.
“Summary: The well developed was given on the
aërenchyma tissue on the submerged portion of the stem in
wild soy-bean plants. Briefly report. It may throw some light
on the explanation of the resistance of soybeans against wet
conditions of soil.”
Figures show: (1) Aërenchyma tissue (shown by dots)
extended over the submerged (under-ground) portion of
the growing soybean plant, (2) Transverse section at the
hypocotyl portion of the plant shown in Fig. 1. Code: “aë =
aërenchyma;
“sm = secondary meristem;
“sc = sclerenchymaous cells;
“ca = cambium;
“cc = collapsed cortex;
“wp = wood portion;
“sp = sieve portion.” Address: Faculty of Agriculture,
Mie Univ.
1140. Christoph, Roy J.; Fisk, Emma L. 1954. Responses of
plants to the herbicide 3-(p-chlorophenyl)-1,1-dimethyl-urea
(CMU). Botanical Gazette 116(1):1-14. Sept. [12 ref]
• Summary: Cytological, physiological and morphological
changes in soybeans and barley are described. Address: 1.
Dep. of Biology, Carroll College, Waukesha, Wisconsin.
1141. Cooke, Anson R. 1954. Changes in free auxin content
during photoinduction of short-day plants. Plant Physiology
28(5):440-44. Sept. [16 ref]
• Summary: “During the past few years considerable interest
has arisen as to the possible role of growth hormones or
auxins in flower initiation.” Address: Dep. of Botany, Univ.
of Michigan, Ann Arbor.
1142. Howell, Robert W. 1954. Phosphorus nutrition of
soybeans. Plant Physiology 29(5):477-483. Sept. [18 ref]
• Summary: “New strains of crop species in variety
development programs are continuously being evaluated
with respect to one another and to established varieties. In
such a program it is very desirable to know the effect of
nutritional factors on the expression of characters utilized
for selection. Because of the unique role of phosphorus
compounds in metabolic processes and the extensive use of
this element in fertilizers, studies of how plants respond to
varying levels of phosphorus are particularly interesting. The
objective of the present study is to determine the response
of several soybean varieties to different phosphorus levels.”
Address: U.S. Regional Soybean Lab., Urbana, Illinois.
1143. Inouye, Choyo. 1954. Shushi no hatsuga ondo ni
kansuru kenkuû. IX. Daizu [Influence of temperature on
the germination of seeds. 9. Soybean]. Nippon Sakumotsu

Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(3/4):276-77. Sept. [Jap; eng]
• Summary: Resume: “In this investigation, the coefficients
of germination (Gassner 1926) are used to discuss the
comparative superiority of germination at each temperature.”
A wide horizontal table shows the coefficient of
germination for temperatures, every 2 degrees, from 4ºC to
44ºC.
“According to this investigation, the minimum, optimum
and maximum temperatures for the germination of soybean
seeds are as follows:
“Minimum 2 to 4ºC.
“Optimum 34 to 36ºC. [93.2 to 96.8ºF]
“Maximum 42 to 44ºC.” Address: Faculty of
Agriculture, Kochi Univ.
1144. Kato, Ichiro; Sakaguchi, Susumu. 1954. Daizu
funenjitsuryû no hasseikikô ni kansuru keitaigaku-teki
narabini seirigaku-teki kenkyû [Morphological and
physiological studies on the occurrence of aborted seed in
soy-bean. III. Type of aborted seeds and their frequency,
position in pod and time of occurrence]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(3/4):273-75. Sept. [Jap; eng]
• Summary: “Resume: The causes for occurrence of aborted
seeds in the soy-bean pod are classified as follows:
“1. Existence of ovule, failed in functioning the
fertilization.
“2. Collapse of embryo.
“(1) There are two types identified in the former case;
one is of extremely tiny structure and the other is deformed
into ‘pod in pod’. In this case, we could find out neither
abnormality nor abortion of pollen and ovule throughout the
morphological and physiological observations. The causes
for fertilization failure which recognized more frequently
at basal ovule are accounted for the protandry that behaved
slightly in general and also for position of basal ovule, which
is located farther from the stylar end and disadvantageous
in receiving pollen. However, on the other hand the basal
ovules are situated at the position rather favorable for
absorbing water and nutrients, and therefore the infertilized
basal ovule, where the embryo-sac has been degenerated,
developed rarely into ovary shape or small pod shape.”
Note: “Protandry” is a state in hermaphroditic systems
that is characterized by the development of male organs
or maturation of their products before the appearance of
the corresponding female product thus inhibiting selffertilization and that is encountered commonly in mints,
legumes, and composites and among diverse groups of
invertebrate animals.”
“(2) As the second case, the collapse of embryo means
the ovule that fertilized but failed to develop into mature
seed.
“There are clearly found two critical peaks, one is at
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pro-embryo and the other is at the cotyledonous stage.
“Namely, the arrested development is observed at the
stage of urgent growth of embryo and then at the time of
remarkable reduction of water content from the ovule.
“Presumably the causes for collapse of embryo are as
follows; the one is due to the insufficient water supply and
the lack of proper nutrients at the time of vigorous growth of
embryo, and the other cause is that at the urgent growth stage
the formation of embryo is unbalanced with the vigorous
division and growth of embryo-cell.” Address: Tokai-Kinki
Agricultural Experiment Station.
1145. Langston, Ruble; Leopold, A.C. 1954. The dark
fixation of carbon dioxide as a factor in photoperiodism.
Plant Physiology 29(5):436-40. Sept. [12 ref]
• Summary: “It has been shown that long dark periods are
essential for floral induction of short day plants (6) and
are prohibitory of induction of long day plants.” Soy is
mentioned 38 times in this article. The Biloxi soybean is
mentioned 8 times. Address: Agric. Exp. Station, Lafayette,
Indiana.
1146. Sato, Ichiro; Nishikawa, Masakatsu. 1954. Daizu
ketsujitsu shôgai no ichiin [One of the causes of the
impediment in the fruiting of soybeans]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 21(3/4):269-72. Sept. [1 ref. Jap; eng]
• Summary: The authors intended to study morphologically
and physiologically, the mechanism of occurrence of aborted
seeds in soy-bean.
“(1) The primordia of all ovules in an ovary differentiate
simultaneously, regardless of their position in the ovary.
“However, the development of embryo-sac is somewhat
faster at apical ovules, and also the increased numbers of
nucleus are recognized in pro-embryo of apical ovules.
Accordingly we suppose that the time of fertilization is
earlier in apical ovules.
“(2) The volume-increase of pods and seeds closely
related to their water content, because the curve of increase
shown by seed and pod resembles to the curve of water
content.
“Both seeds and pods reduce the water content after 1015 days after fertilization, but after 20-25 days only the seeds
continue to reduce their water content, while the pods do not.
“(3) After fertilization from 8 to 25 days, numbers of
embryo-cells increase conspicuously and growth of the
embryo-cells proceeds rhythmically repeating alternately the
resting and growing paces.
“(4) A conversion of size among seeds in a pod usually
occurs during growth; that is, in the early stage of embryonal
[sic, embryonic] development, the apical seed is largest,
while at the successive stage the basal one became largest,
and at the latest stage the central seed is larger than others.
“Accordingly ripening course of seeds takes turn twice;

and this turning takes place earlier in two-seeded-pod than in
three-seeded pod, but takes place later, or does not entirely in
pods on plants which grown under unfavorable condition.”
Address: Faculty of Agriculture, Tottori Univ. [Japan].
1147. Nishizawa, T.; Kinoshita, S. 1954. [On the varietal
resistance of soybeans to the bacterial pustule disease].
Kyushu Nogyo Kenkyu (Kyushu Agricultural Research)
14:203-06. Oct. [Jap]*
1148. Uto, T.; Babakuchi, K. 1954. [A cause of sterility
of summer sown soybean in the terrace land of Kanoya].
Kyushu Nogyo Kenkyu (Kyushu Agricultural Research)
14:174-76. Oct. [Jap]*
1149. Webb, J.R.; Ohlrogge, A.J.; Barber, S.A. 1954. The
effect of magnesium upon the growth and the phosphorus
content of soybean plants. Proceedings–Soil Science Society
of America 18(4):458-62. Oct. [10 ref]
• Summary: “The potassium content of the whole soybean
plants tended to increase with a decrease in the length of
time the plants were provided with magnesium. This was
the trend shown by all the vegetative parts of the plants
except the roots. However, the seed content of magnesium
and potassium varied directly. Statistical analyses showed
a highly significant negative correlation between these two
elements in the leaflets and a highly significant positive
correlation in the seeds.
“Of the four elements studied, calcium absorption and
distribution in the plant was influenced least by the different
magnesium treatments. There was a slight decrease in total
absorption of calcium with an increase in time the plants
were supplied magnesium.” Address: Dep. of Agronomy,
Purdue Univ. Agric. Exp. Station, Lafayette, Indiana.
1150. Simmons, R.O.; Quackenbush, F.W. 1954. The
sequence of formation of fatty acids in developing soybean
seeds. J. of the American Oil Chemists’ Society 31(11):44143. Nov. [10 ref]
• Summary: Consistent presence of highest specific activity
in the oleic acid fraction indicated that oleic acid may
be converted to the other acids. Address: Purdue Univ.,
Lafayette, Indiana.
1151. Hay, R.E.; Uhl, D.P. 1954. Response of certain plant
species to an acrylic acid derivative. Botanical Gazette
116(2):193-95. Dec. [1 ref]
• Summary: Growth-suppressing effects of
2,4-dichlorophenyl on soybean, tomato, sunflower, and
radish. The full name of this substance is alpha-cyanobeta (2,4-dichlorophenyl) acrylic acid. Address: Battelle
Memorial Institute, Columbus, Ohio.
1152. Simmons, R.O.; Quackenbush, F.W. 1954.
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Comparative rates of formation of fatty acids in the soybean
seed during its development. J. of the American Oil
Chemists’ Society 31(12):601-03. Dec. [13 ref]
• Summary: Lincoln variety soybeans harvested at
successive stages of maturity showed continuous increases in
amounts of each of the saturated fatty acids: oleic, linoleic,
and linolenic. Address: Purdue Univ., Lafayette, Indiana.
1153. Waddle, B.A. 1954. An evaluation of the components
of yield in a cross between two diverse types of soybeans.
PhD thesis, Purdue University, Indiana. Abstracted in
Dissertation Abstracts 14(12):2174-75. [40+ ref]*
Address: Purdue Univ., Indiana.
1154. Needham, Joseph. 1954-1986. Science and civilisation
in China. Cambridge, England: Cambridge University Press.
11 volumes. See especially Vol. 6, Part II: Agriculture, by
Francesca Bray.
• Summary: Dr. Needham is interested in the development
of science in China before the impact from the west. His
research extends up to about the 17th or 18th century.
Address: Cambridge, England.
1155. Allen, O.N.; Baldwin, I.L. 1954. Rhizobia-legume
relationships. Soil Science 78:415-27. *
1156. Fritz, J.C. 1954. Thiamine content of soybeans.
Transactions of the American Association of Cereal Chemists
12:60-62. *
1157. Hashimoto, T.; Okamoto, M. 1954. [Studies on the
magnesium nutrition of crops. 3. Amounts of magnesium
and calcium in pods and seeds of soybeans]. Nippon Dojo
Hiryogaku Zasshi (J. of the Science of Soil and Manure)
24(5):281-82. [Jap; eng]*
1158. Kusumoto, T.; Shinosaki, N.; Sakimoto, M. 1954.
[Physiological and ecological studies on the plant production
in plant communities. I. On the photosynthetic production
of soybean]. Kagoshima Daigaku Kyoikugakubu Kyoiku
Kenkyusho (Kagoshima University Educational Research
Institute Bulletin 6:131-43. [Jap; eng]*
• Summary: Abstract in Japan Sci. Rev. Biol. Sci. 5:156.
1954. 442.8 J27.
1159. Kusumoto, T.; Shinosaki, N.; Sakimoto, M. 1954.
Physiological and ecological studies on the plant production
in plant communities. II. On the effect of temperature on
photosynthesis. Kagoshima Univ. Educational Research
Institute Bulletin 6:131-43. [Jap; eng]*
• Summary: Abstract in Japan Sci. Rev. Biol. Sci. 5:156.
1954. 442.8 J27.
1160. Maurer, A.R.; et al. 1954. Botany section. Nigeria

Department of Agriculture, Annual Report of the Northern
Research Station, Samaru (Zaria) 2:108. For 1953-1954. See
p. 17-47. *
• Summary: At Yandey, Malayan and Bilomi No. 3 soybean
varieties were most consistent performers, and were superior
to Benares and Dixie.
1161. Skoog, F. 1954. Substances involved in normal
growth and differentiation of plants. Brookhaven Symposia
in Biology No. 6. 1-21. Abnormal and Pathological Plant
Growth.
1162. Smith, R.J. 1954. A study of the comparative effects of
dinitro-o-sec butyl phenol and isopropyi-n-(3-chloro phenyl)
carbamate on soybeans. Agronomy Abstracts 46:97. *
• Summary: Effects on germination, growth, and roots.
1163. Yoshida, S. 1954. [Photoperiodic after effects in
soybean]. Nogyo Gijutsu (Agricultural Technology) 10(2):9092. [Jap]*
• Summary: Cited in Japan Sci. Res. Biol. Sci. 5:969. 1954.
DNAL. 442.8 J27.
1164. Bruns, W.A. 1954. Translocation of the flowering
effect in photoperiodically induced plants. PhD thesis,
University of Illinois. Abstracted in Dissertation Abstracts
15(1):13-14. 1955. *
• Summary: Soybeans and cocklebur were studied. Address:
Univ. of Illinois.
1165. Chandler, E.K.; Willis, W.H. 1954. The efficiency
of native soybean rhizobia. Louisiana Agric. Exp. Station.
Crops and Soils Departmental Annual Report 1954:104-06.
• Summary: In soybeans and corn. “The efficiency of the
soybean nodule bacteria that are native in certain soils in
Louisiana has been compared with that of a commonly-used
commercial culture of the organisms by growing soybean
plants inoculated with the organisms from the various soils in
sterile sand in the greenhouse. The soils that were sources of
the native Rhizobium japonicum organisms were Commerce
very fine sand, pH 7.3, Mhoon very fine sandy loam, pH
7.1, Sharkey clay, pH 7.2, Miller clay, pH 7.1, Yahola silt
loam, pH 7.0, Crowley silt loam, pH 5.2, and Olivier silt
loam, pH 5.2. The native organisms were isolated from the
soils by growing soybeans from sterile seeds in each soil and
isolating the bacteria from surface-sterilized nodules. Pure
cultures of the organisms isolated were grown on an artificial
medium in the laboratory. Heavy suspensions of the bacteria
from each soil and from a fresh commercial culture were
used to inoculate sterilized soybean seeds that were planted
in the sterile sand in the greenhouse. The plants were watered
with a nitrogen-free nutrient solution.
“Based upon appearance of the plants and yield of plant
material the Rhizobium bacteria native in the Commerce and
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Mhoon soils were superior to the commercial culture. The
organisms isolated from the Yahola soil were completely
ineffective in fixing nitrogen, although some large nodules
were produced on the roots of the plants. The plants
inoculated with the organisms from Yahola soil had about
the same chlorotic appearance and yielded no more than the
uninoculated checks. Native organisms from the Sharkey,
Crowley, Olivier and Miller soils were somewhat less
efficient than the commercial culture. In these sand-culture
studies the number and size of nodules on the roots of the
plants were generally a positive indication of the nitrogenfixing efficiency of the organisms. More nitrogen was fixed
where, the nodules were concentrated on the main roots
in the upper two inches of the root system. One notable
exception to this condition was with the native organisms
from the Miller soil. The nodules were numerous, medium
to large size (3-8 mm.), and concentrated on the upper two
inches of the main roots, but the organisms fixed only a small
amount of nitrogen. The nitrogen content of the Miller clay
soil from which these organisms were isolated was high,
0.215%.
“The response of soybeans, to artificial inoculation with
commercial bacteria and 600 pounds per acre of 3-12-12
fertilizer, when grown in the greenhouse on the five soils
from the Mississippi and Red River flood plains was quite
variable in the different soils. Artificial inoculation of the
seed increased the per cent nitrogen in the plants grown on
all the soils except Sharkey clay. The high efficiency of the
native soybean organisms from the Commerce and Mhoon
soils that was obtained in the sand-culture studies described
above, was obtained with plants growing in these soils only
when the fertilizer was added. Without the fertilizer the
commercial inoculant produced a higher nitrogen content in
the plant material than did the native organisms. In all of the
five soils tested, high yields were associated with superior
nodule formation and a high nitrogen content, but the per
cent of nitrogen in the plant material was not related to size
of nodules nor degree of nodulation. The nitrogen content,
when calculated on the basis of percentage of nitrogen in the
plant material, was always highest in the low-yielding plants.
The lowest percentage of nitrogen in plant material was
produced on Yahola soil, even with artificial inoculation and
fertilizer. This soil contained less nitrogen than any of the
others used in the test.
“Excellent nodulation on the roots of the soybean plants
was obtained only with the use of the fertilizer in all the
soils. In some cases it was obtained with native organisms
and in others with the commercial culture.
“The type of soil appeared to influence the size of the
nodules formed. The nodules on the roots of the plants
grown in Sharkey clay were invariably larger (above 5 mm.)
than in any of the other soils. Nodules on the roots of the
plants grown in Mhoon very fine sandy loam were small (1-3
mm.), irrespective of the source of the inoculation.” Address:

Louisiana Agric. Exp. Station, Baton Rouge, Louisiana.
1166. Virtanen, Artturi; Kemppi, Aune; Salmenoja, E.-L.
1954. Reduction of hydroxylamine in the root nodules of
leguminous plants. Acta Chemica Scandinavica 8:1729-30.
[9 ref]
• Summary: “The formation of hydroxylamine as an
intermediate has been discussed in connection with N2fixation. The reduction of hydroxylamine to ammonia is
hereby very probable.” Address: Lab. of the Foundation for
Chemical Research, Biochemical Institute, Helsinki, Finland.
1167. Freiberg, S.R.; Clark, H.E. 1955. Changes in nitrogen
fractions and proteolytic enzymes of soybean plants
treated with 2,4-dichlorophenoxyacetic acid [2,4-D]. Plant
Physiology 30(1):39-46. Jan. [17 ref]
• Summary: “The pronounced effects of the growth
regulator, 2,4-dichlorophenoxyacetic acid (2,4-D) on protein
and other forms of nitrogen in plants have been noted by
a considerable number of investigators.” Address: Dep. of
Plant Physiology, New Jersey Agric. Exp. Station, New
Brunswick, New Jersey.
1168. Hauser, Ellis W. 1955. Absorption of
2,4-dichlorophenoxyacetic acid by soybean and corn plants.
Agronomy Journal 47(1):32-36. Jan. [17 ref]
• Summary: “Summary: The absorption of 2,4-D compounds
was studied by exposure of soybean or corn plants to the
chemicals, and then washing the residues from the plant
surfaces after specified periods of time.”
“1. The isopropyl ester of 2,4-D was absorbed by
soybean and corn plants rapidly, the sodium salt was
absorbed slowly, while the amine was intermediate
in rate. Addition of surface active agents to the spray
solutions increased the rates of absorption of all the 2,4-D
compounds.” Address: Iowa Agric. Exp. Station, Ames,
Iowa.
1169. Fisher, John Edwin. 1955. Floral induction in Soja max
(Abstract). Iowa State College J. of Science 29(3):408-09.
Feb. 15.
• Summary: Abstract of his PhD thesis, Iowa State College.
Doctoral thesis no. 1433, submitted July 14, 1953. Chairman
or Committee, W.E. Loomis, Department of Botany and
Plant Pathology.
He earned his B.S.A., University of Toronto, Canada,
1950. M.S., Iowa State College, Ames, Iowa, 1952. He
is presently Graduate Assistant, Agricultural Experiment
Station.
“Lincoln soybeans behave as short day plants in
their photoperiodic responses when young but become
indeterminate in their flowering responses with increased
maturity. The commencement of flowering on an 18 hour day
is more closely related to plant maturity, as measured by the
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ratio of the mature to immature leaf areas, than to age alone.
Also, nicotine sulfate induces earlier flowering of plants on
18 hour days.
“These observations led to a study of the relationship of
the degree of maturity to the commencement of flowering
at four photoperiods, 11.5, 13.0, 14.5, and 16 hours, for the
varieties Lincoln and Ogden. The effects of indoleacetic acid
(IAA), IAA plus nicotine sulfate, nicotine sulfate, and 2,4,
6-trichlorophenoxyacetic acid (2,4,6-T) in conjunction with
the above photoperiods were also studied.
“Lincoln soybeans flowered on all photoperiods except
when treated with 2, 4,6-T. However, the Ogden variety
flowered on 16-hour photoperiods only when treated with
nicotine sulfate. Treatments involving nicotine sulfate
induced earlier flowering, flowering at lower nodes, and
more flowers per flowering node with each variety...”
Address: Ames, Iowa.
1170. Aronoff, S. 1955. Translocation from soybean leaves.
II. Plant Physiology 30(2):184-85. March. [1 ref]
• Summary: “By the feeding of radiocarbon dioxide to
individual soybean leaves, the rates of movement of specific
products of photosynthesis have been determined under a
variety of conditions (1). This communication presents a
method whereby radiocarbon dioxide may be fed to localized
areas of a leaflet, rather than the leaflet or leaf as a whole.
The results of some of the initial experiments performed with
this apparatus are presented.”
Footnote 2: “This work was supported in part by
contract with the U.S. Atomic Energy Commission.”
Address: Inst. for Atomic Research and Dep. of Botany and
Plant Pathology, Iowa State College, Ames. Iowa.
1171. Di Carlo, Frederick J.; Schultz, A.S.; Kent, A.M.
1955. Soybean nucleic acid. Archives of Biochemistry and
Biophysics 55(1):253-56. March. [14 ref]
• Summary: A method originally devised for the estimation
of nucleic acid in yeasts was subsequently applied to
soybeans and soybean meal. These latter materials were
found to contain nucleic acid in appreciable concentrations.
“The analytical data were substantiated by the isolation of
nucleic acid from soybean meal in good yield.”
Soybean nucleic acid contained very little, if any, DNA.
The composition of soy pentose nucleic acid (PNA) was
determined by chromatographic and spectrophotometric
techniques. Address: Fleischmann Labs., Standard Brands
Inc., Stamford, Connecticut.
1172. Furutani, Yoshito; Kato, Hiromi. 1955. [Studies on the
growing process of soybeans transplanted between naked
barley rows]. Kyushu Nogyo Shikenjo Hokoku (Bulletin of
the Kyushu Agricultural Experiment Station) 3(1):87-108.
March. [35 ref. Jap; eng]
• Summary: “Summary: A study was performed on the

growth habits of summer-type soybeans planted between
naked-barley rows and on the microclimate in the soybean
field as compared with soybeans planted alone. Results
obtained are as follows:
“1. One of the most remarkable changes in the
microclimate of Plot B in which soybeans have been planted
between naked barley rows was the decrease of illumination
intensity of which corresponded to fifty to sixty per cent of
the illumination intensity in Plot A in which soybeans have
been planted alone.
“In Plot B there can be seen the decrease of evaporation,
air and soil temperatures, and the increase of relative
humidity, as compared with Plot A. However, in both plots
the difference between the air temperature and the soil
temperature was not so remarkable. In the later stage of
growth after harvest of naked barley the slightly higher
soil and air temperatures in Plot B may be attributed to the
decrease of canopy.
“2. Growing between preceding crop rows has resulted
in attenuated internodes on the lower part of stems, slender
branch roots and thin leaves with a low chlorophyll content,
and it delayed the rate of the development of leaves and
branches. Soybeans in Plot B were generally slower in the
rate of growth and they possessed larger nodules on their
taproots close to soil surface, as compared with soybeans in
Plot B.
“The poor growth of the soybean plants in Plot B was
gradually recovered after the harvest of naked barley; the
longevity of leaves developed before the harvest of nakedbarley prolonged about ten days, and the thickness and
chlorophyll content of the leaves newly developed after
the removal of naked barley in Plot B were superior to the
leaves in Plot A. Nevertheless, numbers of nodes, length and
diameters of the main stems in Plot B were inferior to those
in Plot A throughout the growing season.
“3. Leaves and stems in Plot B were lower in
carbohydrate content and higher in nitrogen content than
those in Plot A, with the exception of the period ranging
from about a week before the harvest of naked barley to the
flowering time of soybeans. The fact that the carbohydrate
level of the leaves and stems in Plot B was temporarily
higher than it of Plot A in the middle stage of growth, may
be due to the delay of the growing process in Plot B. The
seasonal changes in C/N ratios of the leaves and stems in
both plots were almost the same as the seasonal changes in
the carbohydrate level.
“4. It was probable that the changes in the morphology
and composition of the soybeans in Plot B were produced
by many factors of the environmental condition, especially
the decrease of illumination intensity brought about by
preceding crops.
“5. In spite of so long shading as forty days produced
by the preceding crop, the reduction in yield of the soybeans
in Plot B was only ten per cent. Such minute reduction in
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yield, as compared with other reports, may be explained by
the facts that the soybeans in Plot B were raised between
the rows width of which is greater than that of ordinary
rows reported elsewhere, and that the compensation effect
revealed after the removal of the preceding crop.” Address:
Soybean Lab., Division of Crop II, Kyushu Agric. Exp.
Station, Nishigoshi-mura, Kumamoto prefecture.
1173. Hammond, L.C.; Alloway, W.H.; Loomis, W.E. 1955.
Effects of oxygen and carbon dioxide levels upon absorption
of potassium by plants. Plant Physiology 30(2):155-61.
March. [30 ref]
• Summary: Studies were chiefly with corn, but included
soybeans in one experiment–experiment 2 (see p. 156).
Address: 1. Dep. of Soils, Univ. of Florida, Gainesville,
Florida.
1174. Kato, I.; Sakaguchi, S.; Naito, Y. 1955. [Anatomical
observations on fallen buds, flowers, and pods of soybean,
Glycine max (L.)]. Tokai-Kinki National Agricultural
Experiment Station, Bulletin No. 2. p. 159-68. March. [Jap;
eng]*
Address: Tokai-Kinki National Agric. Exp. Station, Tsu, Mie
prefecture, Japan.
1175. Koyama, Tadao. 1955. [Studies on the photoperiodic
response of the soybean. I. The effects of high temperature
and short-day treatments practised in the young stage on the
plant shape and the date of blooming]. Obihiro Chikusan
Daigaku Gakujutsu Kenkyu Hokoku (Research Bulletin of the
Obihiro Zootechnical University) 2(1):23-29. March. [10 ref.
Jap; eng]
• Summary: “In the course of the study on the photoperiodic
response of the soybean, the writer has applied high
temperature and short-day treatments using 3 varieties of
soybean in the young stage in Hokkaido by employing
an electric hot bed and investigated their effects on the
plant growth. The 3 varieties of the soybean used for
this purpose are 1. Okuhara No. 1, a very early ripening
variety, 2. Tokachinagaha, a middle ripening variety and 3.
Manshunagaha which is a late ripening variety. The results of
the investigation are summarized as follows:
“(1) In the early ripening variety, Okuhara No. 1, very
little effect of the treatments, was recognized on the shape
and the date of blooming.
“(2) In the middle and late ripening varieties,
Tokachinagaha and Manshunagaha, the effect of high
temperature and short-day treatments appeared very clearly
on the shape and the date of blooming. Morphologically,
some dwarfishness of the plant increased in accordance
with the grade of treatments particularly in the late ripening
varieties. The acceleration of blooming occurred more
strongly in the repetition of short-day treatments than in the
treatments of high temperature. This phenomenon tended to

appear more frequently in the late ripening variety than in the
middle ripening variety.
“(3) The difference of the effect by the treatment of high
temperature alone on the plant growth among 3 varieties,
i.e., early, middle and late ripening varieties, was fairly
distinct, but that of short-day treatments was more distinctly
recognized.” Address: Obihiro Zootechnical Univ., Obihiro,
Hokkaido, Japan.
1176. Nicholas, D.J.D.; Nason, Alvin. 1955. Role of
molybdenum as a constituent of nitrate reductase from
soybean leaves. Plant Physiology 30(2):135-38. March. [12
ref]
• Summary: “Molybdenum, already established as the
metal component of Neurospora nitrate reductase, has also
been identified as the metal of nitrate reductase of soybean
leaves. This is supported by the proportionality between
molybdenum content and specific enzyme activity, as well
as the restoration of dialyzed enzyme specifically by MoO3,
or Na2MoO4.” Address: McCollum-Pratt Inst., The Johns
Hopkins Univ., Baltimore 18, Maryland.
1177. Sun, C.N. 1955. Anomalous structure in the
hypocotyl of soybean following treatment with
2,4-dichlorophenoxyacetic acid (Open Access). Science
121(3148):641. April. 29. [1 ref]
• Summary: 2,4-D is the name of an herbicide. “It is obvious
that one of the striking responses of the soybean hypocotyl to
2,4-D is the tendency of cells to become highly meristematic;
another response is the development of vascular strands in
the pith. These responses show that differentiated cells retain
their totipotential capacities following treatment. The 2,4-D
apparently disrupts the orderly metabolic and physiological
processes and, thus, leads to nonpolarized cell division and
abnormal growth patterns.” Address: Institutum Divi Thomae
Foundation, Cincinnati, Ohio.
1178. Brown, D.A.; Noggle, J.C. 1955. Ion exchange in
soil-plant root environments: I. Measurement of suites of
cations at various stages of nutrient uptake. Proceedings–Soil
Science Society of America 19(2):131-34. April. [6 ref]
• Summary: “These data serve to indicate the changes which
occur in the suites of cations as they move from the soil
into the plant. The suite of exchangeable cations on the clay
differed from those adsorbed on the plant root surfaces, and
as such indicate the degree of the interaction of the exchange
properties of the colloidal surfaces of the clay and plant root.
The effects of plant metabolism upon nutrient uptake were
evident from the changes in the suites of cations as they
moved from the root surfaces into the roots and subsequently
into the top portions of the plant.” Address: 1. Assoc. Prof.
of Agronomy; 2. Junior Agronomist. Both: Arkansas Agric.
Exp. Station, Fayetteville.
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1179. Fribourg, H.A.; Johnson, I.J. 1955. Response of
soybean strains to 2,4-D and 2,4,5-T. Agronomy Journal
47(4):171-74. April. [4 ref]
• Summary: A total of 183 strains of soybeans introduced
from the Orient were tested to determine their response
to these two herbicides as measured by reduction in seed
yield at two rates of application. Address: Iowa Agric. Exp.
Station, Ames.
1180. Kaku, Shosuke. 1955. Climatic and growth periodical
variation of osmotic value in soybean plants. Botanical
Magazine (Tokyo) 68(802):114-18. April. [9 ref. Eng]
• Summary: “Three varieties of soybeans which have
different growth periodicity were cultured twice in different
meteorological seasons, and the author succeeded in
analysing the seasonal osmotic variation of soybean plants
into two periodical factors, the growth periodicity and
climatic one. According to the growth periodicity, osmotic
value gradually increases as the plant grows, but during the
growth period it descends once at flowering and ascends
again at podding although such variation delays when
the process of growth retards...” Address: Shimonoseki
Commercial Upper Secondary School [Japan].
1181. Hashimoto, Takeshi. 1955. Correlations between
magnesium and calcium in soybean plant. Soil and Plant
Food 1(1):31-32. May. [6 ref]
• Summary: “From these data, the author wishes to suggest
the view that only acetic acid soluble magnesium and
calcium, which may chiefly combine with pectin substance
and may play only a mechanical role, exist in reciprocal
relation, as they substitute each other, as shown by Wolff’s
law.” Address: Hiroshima Agricultural College, Hiroshima
[Japan].
1182. Ishizawa, S.; Toyoda, H. 1955. Comparative study on
effective and ineffective nodules of leguminous plants. Soil
& Plant Food (Tokyo) 1(1):47-48. *
• Summary: Soybeans, peas, red clover, and genge were
studied.
1183. Kaku, Shosuke. 1955. Effect of the short day treatment
on the growth periodical variation of osmotic value in
soybean plants. Botanical Magazine (Tokyo) 68(803):150-54.
May. [7 ref. Eng]
• Summary: “The effect of short day treatment accelerates
the differentiation of reproductive organ formation and
causes the shortening of growth periodicity. The osmotic
value of a plant varies according to the length of growth
duration: the normal one whose growing duration is
longest has the highest value, and a heavily treated one
with the shortest growth duration has the lowest.” Address:
Shimonoseki Commercial Upper Secondary School [Japan].

1184. Richmond, Jonas E.; Salomon, K. 1955. Studies on the
biosynthesis of hemin in soy bean nodules. Biochimica et
Biophysica Acta (BBA) 17(1):48-55. May. [23 ref. Eng; fre;
ger]
• Summary: “Summary: Soy bean nodule homogenates
are able to incorporate the carbon atoms of acetate and
glycine into hemin. Acids of the Krebs cycle, malonate
und sodium azide inhibited the incorporation of the alphacarbon atom of glycine into hemin. CoA and substances
containing sulfhydryl groups also inhibited the above
reaction. Magnesium, acetate, glycine, hydrosulfite and
fluoride stimulated. The effects of various combinations of
these substances were also investigated. Some implications
of the results obtained are discussed.” Address: Depts. of
Radiation Biology and Biochemistry, School of Medicine
and Dentistry, Univ. of Rochester, Rochester, New York.
1185. Scott, Flora Murray. 1955. The distribution and
physical appearance of fats in living cells–introductory
survey. American J. of Botany 42(5):475-80. May.
1186. Torrie, James H.; Briggs, George M. 1955. Effect of
planting date on yield and other characteristics of soybeans.
Agronomy Journal 47(5):210-12. May. [8 ref]
• Summary: Five soybean varieties (listed here from early
to late), Flambeau, Mandarin 507, Manchu 606, Manchu
3, and Mukden 4, representative of the range of maturity
groups grown in Wisconsin, were grown during a 5-year
period. Four planting dates in each year were chosen: about
May 10, May 20, June 1, and June 10. Planting date affected
each variety differently; it had little effect on the yield of the
early varieties, however for the later varieties yield tended to
decrease when the seeds were planted after May 20.
The oil content of the two earliest varieties was not
affected by planting date, however for the later maturing
varieties there was a progressive decrease in oil content with
later plantings.
“Protein content showed no tendency to delay with
delay in planting.
“An increase in iodine number, which was consistent for
all varieties, occurred with delay in planting.
“Maturity date for all varieties was retarded
approximately 1 day for each 2 days delay in planting.”
Address: 1. Prof. of Agronomy; 2. Prof. Emeritus of
Agronomy. Both: Univ. of Wisconsin, Madison.
1187. Ishikawa, Hisao; Takaichi, Katsumi. 1955. [Lignin and
lignification. 5. The formation of lignin in the young plant].
Nihon Ringakkai shi (J. of the Japanese Forestry Society)
37(6):244-50. June 25. [22 ref. Jap; eng]
• Summary: An experiment with young soybean plants.
“Abstract: From the experimental results regard to the
lignin formation of the young red- or soy-bean plant, the
following suggestions were obtained:
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“(1) A precursor of lignin may be formed from a middle
compound in the common route of the photosynthesis and
the respiration fermentation (probably, glycolysis).
“(2) Lignin formation was slightly promoted by sucrose
and fructose, but not glucose.
“(3) Lignin formation was accelerated by the addition
of inositol, quinic acid, shikimic acid, acetate, alcohol,
acetaldehyde, coniferin, syringin and aromatic aldehyde
having a free phenolic OH, and acceleration by H2O2 was
also ascertained.
“(4) It is deduced that lignin may be formed via. such
pathway as Warburg-Dickens-Horecker pathway and also via
the glycolytic pathway.
“(5) Lignin formation was inhibited by some compounds
of heavy metal containing enzyme, but, the inhibitors such as
malonate, hydroxylamine and NaF etc. increased the lignin
content in the plant material within the some limits of the
concentration.” Address: Matsuyama Agricultural College.

Address: Depts. of Biology & Nutrition and Plant Physiology
and Pathology, Texas Agric. Exp. Station, College Station,
Texas.

1188. Crittenden, H.W. 1955. Root knot nematode resistance
of soybeans (Abstract). Phytopathology 45(6):347. June.
• Summary: “Fifty varieties of soybeans have been tested
in Delaware for resistance to Meloidogyne incognita var.
acrita. These varieties include representatives from all the
maturity groups from 0 to VIII. Varieties in group 0 are
suitable for the northern United States and those in group
VIII are grown in the Gulf-Coast region. The following
10 varieties have shown high resistance: Laredo (Group
VI), Mukden (II), Anderson (IV), Monroe (I), Blackhawk
(I), Peking (IV), Mendota (II), Haberlandt (V), Habaro (I),
and Mandarin 507 (I). The 5 varieties having the highest
resistance to M. incognita var. acrita have been tested
also against Meloidogyne hapla–all 5 (Laredo, Mukden,
Anderson, Monroe, and Blackhawk) were susceptible. These
findings emphasize that: (1) the growing of a crop resistant to
M. incognita var. acrita may selectively increase populations
of M. hapla; and (2) until combined resistance is obtained,
it appears essential to know the identity of the root knot
nematode species in any area where rotations are used for
control.”

1190. Sato, Ichiro; Nishikawa, M. 1955. [On the fruiting of
soybeans]. Tottori Nogaku Kaiho (Transactions of the Tottori
Society of Agricultural Science) 10(4):20-25. June. [7 ref.
Jap; eng]
• Summary: “In this paper the authors report on the
investigations which were carried out on the fruiting of
soybeans, especially regarding the development of pod and
seed, the fruiting behavior of soybeans and the effects of
defoliation upon growth and fruiting of soybeans.
“2. Length and width of the pod reached to maximum
size in about 15 to 20 days from flowering; similarly about
50 days for thickness of the pod; about 40 days for length,
width and thickness of the seed; about 40 and 55 days for dry
weight of pod and seed, respectively.
“3. Flowers which had come out in earlier stage of
blooming period, or arisen from lower parts of axillary
racemes or upper parts of stems, set pods better and
developed into heavier seeds than those of contrary ones.
Difference of seed weight between apical-bean and basal-one
in two-bean-pod was significant, similarly apical- or middlebean and basal-one was significant in three-bean-pod. No
difference of seed weight was observed between two- and
three-bean-pod.
“4. Five specific amount of leaves (1/6 through 5/6)
were removed from soybean plots at 5 dates, July 30 through
September 10 (the date of blossom start was Aug. 19).
Defoliation reduced number of blossom per plant by 1 to
23 percent. The later or the more soybeans were defoliated,
the more poorly set pod, namely the least was 25 percent of
rate of pod setting, while 44 percent for check. Reduction in
rate of pod setting caused by defoliation was more in upper
part of stem than in lower part. Tendency of decrease that
of number of the seed and the yield per plant was the same
as the case of rate of pod setting, namely the most decrease
were 57 and 66 percent, respectively.” Address: Faculty of
Agriculture, Tottori Univ.

1189. Liverman, James L. 1955. The physiology of
flowering. Annual Review of Plant Physiology 6:177-210.
June.
• Summary: “Three years have passed since this subject was
last reviewed in the Annual Reviews of Plant Physiology
by Lang (1). Although other reviews have appeared in print
since that time (2, 3), the literature has not been reviewed
past December, 1951. During the interim, several important
facts have been reported. Thus, new insight has been gained
into the nature of the low intensity light reaction; auxin has
been clearly demonstrated to participate in the flowering
response of both LDP [long day plant(s)] and SDP [short day
plant(s)]; a second high intensity light reaction has been...”

1191. Weber, C.R. 1955. Effects of defoliation and topping
simulating hail injury to soybeans. Agronomy Journal
47(6):262-66. June. [2 ref]
• Summary: “Summary: 1. Two widely different types of
injury were inflicted on replicated soybean field plots at three
stages of plant development in each of two years. Defoliation
percentages of 0, 50, and 100 were applied in all possible
combinations with topping percentages of 0, 25, 50, 75,
and 100 at each of 3 stages of growth up to full bloom. The
objective was to make a critical evaluation of defoliation and
topping injuries as measured by their separate and combined
effects on seed yield and other agronomic and chemical
attributes.
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“2. Yield reductions due to defoliation and topping
treatments were relatively small at these stages of growth.
The effects from topping alone were additive as well as when
combined with defoliation. With 100% topping, yield was
reduced less than 10%, whereas 100% defoliation alone gave
20% yield reduction.” Address: Iowa Agric. Exp. Station,
Ames.
1192. Beeson, K.E.; Probst, A.H. 1955. Soybeans in Indiana.
Indiana (Purdue) Agricultural College, Extension Bulletin
No. 231. 39 p. July. Summarized in Soybean Digest, July
1955, p. 26. Revised, 1955, 1961. *
1193. Brown, D.A. 1955. Ion exchange in soil-plant root
environments: II. The effect of type of clay mineral upon
nutrient uptake by plants. Proceedings–Soil Science Society
of America 19(3):296-300. July. [6 ref]
• Summary: “Abstract: This investigation was designed
to measure the effect o£ the percentage of kaolinite,
montmorillonite, and illite clay minerals upon nutrient
uptake by soybean plants. A kaolinite-montmorillonite and a
kaolinite-illite series of clay mixtures was prepared through
the range of 0 to 100% kaolinite-montmorillonite, and 0 to
100% kaolinite-illite. Each clay mixture was mixed with
nutrient-free quartz sand to give 15% clay by weight. The
sand-clay mixtures, saturated to 70% Ca, 10% Mg, and 5%
K, were placed in root development pans, and soybean plants
were planted and grown between the collodion membranes
for 4 weeks as described in previous studies. This enabled
a measurement of the effect of the type of clay mineral
upon nutrient uptake.” Address: Assoc. Prof. of Agronomy,
Arkansas Agric. Exp. Station, Fayetteville.
1194. Kato, Ichiro; Naito, Yasuo. 1955. Daizu no rakurai,
rakka, rakusaya/takukyô?, no kaibôgaku-teki kansatsu
[Anatomical investigation of flower-, bud-, and pod-drop in
soybean plant]. Nippon Sakumotsu Gakkai Kiji (Proceedings
of the Crop Science Society of Japan) 23(4):251-52. July.
[Jap; eng]
• Summary: “Summary: 1. The authors found in many of
the preparations of the bud, that had dropped, the proembryo
having been formed by fertilization. Almost every flowers
and pods which had dropped were observed to contain
immature grains which stopped their development at the end
of proembryo stage or at the cotyledonous stage.
“2. Flower-drop which took place most frequently
seemed to be caused by stopping of development of the
seed, in which firstly the elongation growth of embryo cells
became inactive, nextly it stopped and, at last, the whole
embryo and endosperm deteriorated as shown in figs. 4,
5, 6 and 7.” Address: Tokei-Kinki National Agricultural
Experiment Station [Japan].
1195. Belikov, I.F. 1955. O dvizhenii i raspredelennii

produktov u soi v period vegetatsii [Movement and
distribution of photosynthetic products in soyabean
plants during the vegetative period]. Fiziologiia Rastenii
(Physiology of Plants) (Moscow) 2(4):354-57. July/Aug. [2
ref. Rus]
• Summary: Using radioactive labelled carbon, the author
studied the allocation of assimilates to various organs in
Glycine species at different stages of development. These
assimilates seem to accumulate in the growing tips of stems
and in young leaves, but at the time of seed formation the
stream of assimilates is directed towards the developing
seeds/fruits. Mature leaves do not share their assimilates with
each other even if some leaves experience a shortage. This
main explain the rapid leaf-fall under unfavorable conditions,
especially that of shade. Address: Far-East Filial Academy of
Sciences USSR, Vladivostok.
1196. Howell, Robert W. 1955. The effect of external
concentration of phosphorus on the distribution of
phosphorus and other elements within the soybean plant
(Abstract). Plant Physiology 30(Suppl.):xviii. Sept. 5-8.
• Summary: “The phosphorus concentration has been shown
to exert a marked influence on yield and on the oil and
protein content of soybean seed produced on plants grown in
nutrient solutions. The present report concerns the influence
of the external phosphorus concentration on the distribution
of phosphorus and other elements within the mature plant.
Phosphorus concentration in the seed of plants supplied
nutrient solutions containing 2 ppm P is about half that in
seed from plants supplied 22.4 ppm. This indicates a priority
of seed for the available phosphorus at low levels since the
phosphorus content of stems and hulls at the low level is
about 1/7, and that of roots about 1/3 those at the high level.
Potassium content of soybean seed is essentially the same
with a phosphorus supply of 2 or 10 ppm. In the presence
of an adequate level of potassium, however, total potassium
uptake is influenced by phosphorus concentration of the
nutrient solution. Additional potassium taken up at higher
phosphorus levels is accumulated mainly in the roots. While
sulfur concentration in the seed is unaffected by phosphorus
level, that in the stems is doubled and that in the roots is
1.5 times as great when P is supplied at 10 ppm instead of 2
ppm.”
Note: On the cover of this supplement: “Proceedings
of the Plant Physiology Meetings. Sponsored Jointly by
the American Association of Plant Physiologists and the
Physiological Section of the Botanical Society of America,
Michigan State University, East Lansing, Michigan,
September 5-8, 1955.” Address: U.S. Regional Soybean
Laboratory, 160 Davenport Hall, Urbana, Illinois.
1197. Brown, J.C.; Holmes, R.S. 1955. Iron, the limiting
element in a chlorosis. I. Availability and utilization of iron
dependent upon nutrition and plant species. Plant Physiology
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30(5):451-57. Sept. [17 ref]
• Summary: Discusses the effect of copper on the absorption
of iron in maize, wheat, and soybeans. Address: Soil
and Water Conservation Research Branch, ARS, USDA,
Beltsville, Maryland.
1198. Brown, J.C.; Holmes, R.S. 1955. Iron, the limiting
element in a chlorosis. I. Availability and utilization of iron
dependent upon nutrition and plant species. Plant Physiology
30(5):451-57. Sept. [17 ref]
• Summary: Experiments with wheat, rice and soybeans.
“Summary: Four plant species which differed in their
susceptibility to ‘lime-induced’ chlorosis (iron deficiency)
and copper deficiency were grown in soils of low available
iron supply (calcareous) and soils of low available copper
supply (organic). A continuous source of available iron
appeared necessary for the growth of all the plants studied,
but the plant species differed in the concentration of
available iron required in the growth media to prevent iron
chlorosis. One of the four species was unable to absorb
sufficient iron from calcareous soil for normal growth.
“Radioiron was supplied to chlorosis susceptible
soybeans through approach grafts and seed. In each case,
insufficient iron was absorbed from the soil to prevent
chlorosis when the available source of iron was stopped
or depleted. The radioiron in the plant did not move
appreciably under these conditions.” Address: Soil and Water
Conservation Research Branch, ARS, USDA, Beltsville,
Maryland.
1199. Brown, J.C.; Holmes, R.S.; Specht, A.W. 1955. Iron,
the limiting element in a chlorosis. II. Copper-phosphorus
induced chlorosis dependent upon plant species and varieties.
Plant Physiology 30(5):457-62. Sept. [16 ref]
• Summary: Phosphorus and copper were more effective
in inducing iron chlorosis in wheat, rice, and soybeans if
applied to the growth medium together than if applied singly.
In a chemical examination of leaves and sap, phosphorus
and copper were higher and iron lower in the chlorotic plants
than in the green ones. Address: Soil and Water Conservation
Research Branch, USDA, Beltsville, Maryland.
1200. Hashimoto, Takeshi. 1955. [Studies on the magnesium
nutrition of crops. 4. Relation among magnesium, calcium
and potassium in crops]. Nippon Dojo Hiryogaku Zasshi
(J. of the Science of Soil and Manure, Japan) 26(4):139-42.
Sept. [18 ref. Jap; eng]
• Summary: “A. It is thought that in frozen root-stocks
free Ca- ions combine with pectin in middle lamella which
correspondingly becomes hard owing to the formation
of insoluble pectin compound. The author affirmed that
combined Ca can be extracted only in acetic acid fraction,
while in alcohol fraction only free ions are extracted.
“B. Soybean plants were cultured in water media

containing different levels of Mg, Ca and K. but not Na.
Cation concentrations of Mg ranged from 0.3 to 30 ppm and
that of Ca and K from 1 to 300 ppm. The samples harvested
during the flowering period and dried were extracted with
70% alcohol and then with 2% acetic acid. Mg, Ca and K
in each fraction were quantitatively analyzed. The results
obtained may be summarized as follows:
“(1) The reciprocal relationship among Mg, Ca and
K was not so distinct in alc.-fraction, but very significant
in HAc-fraction, i.e. the increase of one of the cations as
nutrient caused the increase of that cation in plants and
the decrease of the other two, and the sum of chemical
equivalents of the three cations was kept almost constant.
“(2) On the Ca- series, with the increase of Ca nutrient.
HAc-sol.-Ca increased more distinctly than alc.-sol.-Ca did.
But on the K-series, the increase of alc.-sol.-K was much
lager than that of HAc-sol. On the Mg- series, the increase of
Mg were almost equal in two fractions.
“(3) It is suggested that, as a ion substitutes for another
cations combining with negative colloid like pectin and
protoplasm. K- ion does not easily combine with it, while
Ca- ion easily substitutes for another cations. So in the plant
tissue a great part of K is in ionized condition and Ca is
mostly in combined condition.
“(4) Furthermore these facts may relate to the state of
protein in protoplasm and pectin in middle lamella. In the
case of Ca-deficiency pectin in the middle lamella of the
cell wall may be in sol-state, so the tissue of leaf and stem
may gelatinize and weaken, while outwardly Ca-deficiency
symptom appears: petioles and stems collapse (Photo. 1) and
the plant easily lodges. In the case of K-deficiency pectin
may become gel, so the plant becomes brittle and buckling
may occur.” Address: Hiroshima Agricultural College.
1201. Mederski, H.J.; Wilson, J.H. 1955. Effect of soil
temperature and soil moisture on manganese absorption by
soybean plants. Proceedings–Soil Science Society of America
19(4):461-64. Oct. [15 ref]
• Summary: “Abstract: Periodic field observations of the
development of manganese deficiency symptoms in soybeans
indicate that soil temperature and soil moisture may
influence manganese absorption by soybean plants. These
observations were explored in detail in a greenhouse study.”
“A low soil temperature combined with high soil
moisture was conducive to the development o£ severe foliar
symptoms of manganese deficiency. High soil temperature
combined with low soil moisture produced plants which
exhibited only a slight manganese chlorosis. The total
manganese per plant and the manganese concentration
within the plant were significantly greater at the high
than low soil temperature. In a solution culture study,
increasing the temperature of the solution increased the
manganese concentration in the soybean leaves indicating
a physiological response of the plant to a change in root
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temperature.” Address: 1. Asst. Prof. of Agronomy; 2.
Instructor. Both: Dep. of Agronomy, Ohio Agric. Exp.
Station, Wooster, Ohio.
1202. Reid, P.H.; York, E.T., Jr. 1955. The relative growth
and potassium absorption by four crops under intensive
culture in a limited volume of soil. Proceedings–Soil Science
Society of America 19(4):481-83. Oct. [10 ref]
• Summary: “Abstract: Two successive crops of peanuts,
soybeans, corn, and cotton were grown in small volumes
of Ruston fine sandy loam to study the relative efficiencies
of the four crops to absorb potassium in a limited root
environment. One series of treatments was fertilized and
another unfertilized with respect to potassium.”
“All four crops responded in dry matter production to
the application of potassium. In the second planting, the
dry matter produced by the unfertilized peanuts, soybeans,
cotton, and corn was 69%, 85%, 45%, and 20%, respectively,
of the plants fertilized with potassium. Thus with equivalent
amounts of potassium absorbed, marked differences were
observed in the degree to which potassium deficiencies
limited the growth of the four crops.” Address: 1. Research
Instructor; 2. Head. Both: Dep. of Agronomy, North Carolina
Agric. Exp. Station [Raleigh].
1203. Evans, H.J.; Hall, N.S. 1955. Association of
molybdenum with nitrate reductase from soybean leaves.
Science 122(3176):922-23. Nov. 11. [7 ref]
• Summary: “In view of the results reported here, it seems
apparent that Mo is a constituent of the soybean leaf nitrate
reductase. The results suggest that iron may partially replace
Mo as a metal factor in the enzyme.”
Address: Div. of Biological Sciences and
Dep. of Agronomy, North Carolina Agric.
Exp. Station, Raleigh.

northern Europe, than material from Manchuria and other
regions with a continental climate.
“In accordance with this surmise the author brought
home to Sweden in 1940 a collection of soybean strains from
Hokkaido and southern Sachalin (Sakhalin, Karafuto).
“This Japanese material was used in some 2,700
hybridizations followed by selection for adaptation. The
choice of this breeding material has reduced the adaptation
problem for Sweden to practical dimensions...
“Although the Kalmar-Oland region of Sweden, latitude
56º-57º, where the Fiskeby varieties of soybeans are grown
commercially, enjoys a longer frost-free season than many
soybean growing districts in Hokkaido, northern Manchuria
and the northern United States, this relatively long growing
season is required to ripen extra early varieties in a cool
autumn. Only the breeding of Swedish soybean varieties
combining earliness with adaptation to the day length of the
latitude has made it possible to grow soybeans regularly in
Sweden.
While the soybean as a species is a typical short-day
plant, this does not exclude the existence within the species
of numerous biotypes of a day-neutral character. Natural
selection at Fiskeby Norrkoping has allowed only dayneutral biotypes to survive.
“Limited by Temperature: It will not be photoperiodism
but probably the temperature factor that will draw the final
northern limit of the soybean in Sweden.
“A character of the summer monsoon climate which
prevails in the soybean growing countries, Japan, Korea and
Manchuria, is a high relative humidity compared to Sweden.
“Twenty years of practical field growing of soybeans in

1204. Holmberg, Sven A. 1955. Problems
of soybean adaptation in Sweden: Breeding
work is based on Japanese material. Soybean
Digest. Nov. p. 18, 20.
• Summary: “In the various European
countries more or less serious efforts
have been made to introduce the soybean
as a crop. The northern extremes where
soybeans are grown as a major crop in Asia
are the plains of the Amur, the Nonni and
the Sungari rivers on the mainland and the
Japanese island of Hokkaido...
“Hokkaido is the only country in the
world where soybeans are grown as a major
crop in a relatively cool and partly marine
climate. There is no doubt that soybean
breeding material from Hokkaido holds
more promise for Sweden, and generally for
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Sweden seem to indicate a preference for the driest corner
of the country, the Kalmar-Oland region. A high relative
humidity may be favorable to the soybean when combined
with the light intensity found in Japan. It may not be
favorable under the lower light intensity of northern Europe.
“In 1941 seed of three early foreign soybean varieties
was distributed by the Swedish government Food
Commission to farmers for practical growing trials. These
failed and the experiment of growing foreign soybean
varieties was soon abandoned.
“But the breeding of soybeans with a view to adaptation
was pursued with the support of the government both by the
Swedish Seed Association at Svalof and Algot Holmberg
Seeds Ltd. at Fiskeby.
“In 1950 a brown-seeded soybean, Sv. Ugra, was
announced at Svalof. It was from a cross of Wisconsin
Black with a Polish variety. The yellow-seeded Fiskeby
III originating from a cross between a German strain and a
Sachalin variety was released by Holmberg in 1949.
“Edible Types: Since Fiskeby III was of the edible type
it has been approved for use in army rations, school lunches,
etc. It is grown commercially on a small scale in the KalmarOland region. Its mean yield over a 10-year period has been
23.2 bushels per acre. In 1 year in 10 (1952) Fiskeby III
has failed to make a crop. The failure proves that further
adaptation of the soybean is required.
“Swedish soybeans are relatively low in oil content,
which is usually about 16%. In protein content they are not
inferior to imported soybeans. They are grown for their
protein value and used for food.
“The quality of Fiskeby III as an edible bean is a
Japanese heritage. Its use is not confined to periods of food
shortage or meat rationing.
“The relatively rapid success in selecting day-neutral
types is explained by the absence of annual changes in
day length. Otherwise the climate of Sweden alternately
dominated by marine and continental influences, is rich
in annual variations. Under these changing conditions the
thorough adaptation of a crop is a long and gradual process.
The extremes of cold and cloudiness of the years 1952 and
1954 were valuable for the purpose of selection.
“In Holland a private breeder, Dr. Louis Koch, has
also used northern Japanese material with good results. His
successful work has been discontinued but his strains are
kept alive.
“There is good reason to expect the further breeding
work on the basis of Hokkaido and Sachalin material will
lead to closer adaptation of the soybean to the temperature
and light conditions of Sweden and other countries of
northern Europe.”
A photo taken at Fiskeby in 1949 shows (left to right):
Pierre Holmberg, George M. Strayer, M.E. Paddock
(agricultural representative on an ECA mission), J.L. Cartter
(U.S. Regional Soybean Laboratory), and Sven A. Holmberg.

ECA stands for European Cooperation Administration,
which was a United States government agency set up in 1948
to administer the Marshall Plan. It reported to both the State
Department and the Department of Commerce. Address:
Fiskeby, Norrkoping, Sweden.
1205. Abe, I.; Takahashi, S. 1955. [Studies on the microclimate and growth of soybeans, interplanting in the potato
fields]. Nogyo Kisho (J. of Agricultural Meteorology)
11(3):103-06. Dec. [Jap; eng]
• Summary: Abstract: “The experiments were carried out to
make clear the microclimate and the growth of soy-beans,
interplanting in the potato fields.
“The results obtained were as follows:
“(1) The yields of main crop (potato) was not so
decreased by interplanting soy-beans, and the total yields of
both crops were much increased as compared with main crop
only.
“(2) It seemed that the micro-climate formed by
interplanting was less affected to the growth of the main
crop.
“(3) In the former stage of the growth, environmental
conditions were more unfavorable to the interplanting soybeans that the single planting one. On the contrary, in the
later stage, they were rather favorable to the interplanting
one. Therefore, the yield per individual plant was superior in
the interplanting soy-beans.
“(4) The insect injury (by Grapholitha glycinivorella)
was less in the interplanting soy-beans. It was considered
that one of this reason was due to the differences of
microclimate.” Address: Tohoku Agric. Exp. Station, Japan.
1206. Fisher, J.E. 1955. Floral induction in soybeans.
Botanical Gazette 117(2):156-65. Dec. [11 ref]
• Summary: “Introduction. The antagonistic reaction
between vegetative growth and sexual development recently
received a great deal of study from plant physiologists.”
For example, the adding of artificial auxin can delay the
flowering of short-day species.
A summary of seven key discoveries includes: 1.
Lincoln, a midseason soybean variety, became indeterminate
in its response to photoperiod with increasing growth
and eventually flowered on 18-hour photoperiods.
“Untreated plants of Ogden, a late variety, did not flower on
photoperiods over 14½ hours long.”
“7. The results of these experiments support the
hypothesis that flowering is conditioned by a balance
between auxin produced in young tissues and a flowerforming substance produced in older leaves. Flowering
was hastened by (a) short days; (b) a high ratio of mature
to immature leaves; (c) the removal of young leaves; or
(d) spraying the plants, particularly the young leaves, with
nicotine sulfate.”
The writer thanks Dr. W.E. Loomis for suggesting this
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problem to him and for helpful advice and discussion during
the work. Address: Botany and Plant Pathology Div., Science
Service, Ottawa, Canada.
1207. Kato, I. 1955. Yield analysis of soybean. II. Effects
of various fertilizers on the chemical composition and
yield of soybean (Abstract). Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
24(2):120. Dec. [1 ref. Jap; eng]
1208. Nagata, Tadao. 1955. [Variations of the relative lengths
of flowering and vegetation periods in soybeans of summer
and autumn types, and factors influencing them. I. Varietal
differences in the effect of planting time (Abstract)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 24(2):134. Dec. [Jap]
Address: Hyogo Agricultural College, Japan.
1209. Sun, C.N. 1955. Growth and development of primary
tissues in aerated and non-aerated roots of soybean. Bulletin
of the Torrey Botanical Club 82(6):491-502. Nov/Dec. [6 ref]
• Summary: “Summary: 1. The root system of Glycine max
consists of a primary root with numerous lateral roots, which
are arranged in four longitudinal rows.
“2. Primary roots of soybeans which are cultured in an
aerated solution are several times as long as those cultured
in a non-aerated solution, and the secondary roots are more
numerous.
“3. Root hairs of aerated primary roots are sparsely
developed except along the basal portion of the root.
“4. Roots cultured in the non-aerated solution produce
an abundance of root hairs at a level of 0.8 cm. behind the
root tip.” Address: Dep. of Biology and Inst. of Biophysics,
St. Louis Univ., St. Louis, Missouri.
1210. Togari, Y.; Kato, Y.; Ebata, M. 1955. Studies on the
yield analysis of soybean. I. Changes in principal chemical
constituents of the soybean plant in relation to its growth.
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 24(2):103-07. Dec. [Jap; eng]*
• Summary: Abstract in Field Crops Abs. 10(1):151. Feb.
1957. DNAL 241 C73.
1211. Belikov, I.F. 1955. [The translocation of assimilates
in the leaf blade of soya]. Doklady Akademii Nauk SSSR
(Proceedings of the Academy of Sciences of the USSR)
102:379-81 (Chem. Abst. 49:14916, 1955). [Rus]*
• Summary: N. Larson (1959, p. 8A) states: “(In Russian.)
Akad. Nauk SSSR. Dok. 120(4):904-906. Ref. June 1,1958.
NAL 511 P444A
“English translation in Translation of Dok. Bot. Sci.
Sect. Akad. Nauk. SSSR 120(1-6):151-153. May/June 1958.
NAL 511 P444Ae.” Address: Far-East Filial Academy of
Sci., USSR.

1212. Bryssine, P. 1955. Les variations phénotypiques du
génotype chez les légumineuses en fonction de la dimension
des semences [Phenotypical variations of the genotype
in legumes in relation to seed size]. Societe des Sciences
Naturelles et Physiques du Maroc. Comptes rendus des
seances mensuelles No. 7. p. 21-41. [6 ref. Fre]*
• Summary: Trials were conducted with peas, beans, chickpeas, soybeans, and lentils to study the effect of seed size
on development and yield of the plants produced. Generally,
plants obtained from large seeds grew larger and yielded
significantly more than did those obtained from smaller
seeds.
In another series of trials, in which only medium-sized
seeds were used, the influence of the cotyledons on the
development and yield of plants was studied.
1213. Farkas, G.L.; Rajhathy, T. 1955. Untersuchungen über
die xeromorphischen Gradienten einiger Kulturpflanzen
[Investigations into the xeromorphic gradients of some
cultivated plants]. Planta (Berlin) 45:535-48. [Ger]*
1214. Grissom, P.; Raney, W.A.; Hogg, P. 1955. Crop
response to irrigation in the Yazoo-Mississippi Delta.
Mississippi State College Agric. Exp. Station, Bulletin No.
531:21-22. *
1215. Wang, Jinlu. 1955. Da dou gen xi de chu bu guan cha
[Preliminary observation of soybeans’ root system]. Nong Ye
Xue Bao (Agriculture Journal) 6(4):331-334. [Chi]*
Address: China.
1216. Warington, Katherine. 1955. Interaction between iron
and other micronutrient elements in flax, soyabeans, and
peas. Rothamsted Experimental Station, Report (Harpenden,
Great Britain) 242 p. For 1954. See p. 64-65. *
• Summary: The divergent effects of molybdenum (Mo)
on chlorosis were shown to be dependent on the form
and concentration of the Mo supplied, as well as on the
nature and age of the plants. The reduction of vanadium
toxicity by iron (Fe) in soybeans depended on the form and
concentration of the iron used, and appeared to be mostly
through an internal interaction.
1217. Yamamoto, M. 1955. [The decreased germination
of dry-seeds soaked in water]. Nihon Seitai Gakkaishi
(Japanese J. of Ecology) 5(2):74-77. [Jap; eng]*
• Summary: Studies with seeds of soybeans and six other
plants. Abstract in Biological Abstracts 31(2):5834. Feb.
1957. DNAL 442.8 B526.
1218. Burris, R.H.; Magee, W.E.; Bach, M.K. 1955. The
pN2 and the pO2 function for nitrogen fixation by excised
soybean nodules. In: Biochemistry of Nitrogen. Helsinki:
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Suomalasien Tiedeakatemian Toimitkusia. See p. 190. [22
ref]*
• Summary: Found with sliced soybean nodules that oxygen
tensions up to 50% stimulated fixation but that higher
tensions were inhibitory.
Note: This collection of papers on biochemistry of
nitrogen and related subjects is dedicated to Antturi Ilmari
Virtanen on the occasion of his 60th birthday, 15 Jan. 1955.
Address: Dep. of Biochemistry, College of Agriculture, Univ.
of Wisconsin, Madison.
1219. Nanda, Krishnan K.; Hamner, Karl C. 1955.
Investigations of the endogenous rhythm in the photoperiodic
responses of Biloxi soybean (Abstract). Plant Physiology
30(Suppl.):xx-xxi.
• Summary: “Biloxi soybean plants were subjected to
photoinductive cycles which varied in length from 24 hours
to 96 hours. The length of the photoperiod and of the dark
period were varied over a wide range. The results confirm the
hypothesis that flowering in this plant is influenced markedly
by an endogenous rhythm. The effects of low temperature
and brief light exposures on this endogenous rhythm were
studied. The results will be discussed in relation to Bunning’s
theory of photoperiodism.” Address: Dep. of Botany, Univ.
of California, Los Angeles, California.
1220. Rautenen, Nilo; Saubert, S. 1955. Root nodules of
leguminous plants: a chemical study. Suomen Kemistilehti
(Finnish Chemical Journal (The)) 28(1):66-70. [16 ref]
• Summary: A study of nitrogen, iron, and phosphorus in
soybeans and cowpeas.
“1. Methods for separation of the different tissue
fractions of leguminous root nodules are presented.
“2. The distribution of nitrogen, phosphorus and iron in
these fractions was studied. Some characteristic differences
in their distribution were found and are discussed in the text.
“3. A chemical comparison was made between legume
bacteria grown on yeast extract agar on the one hand and
bacteria isolated from active, functioning nodules on the
other hand. The most characteristic difference lay in the
nucleic acid content, which was higher in proliferating,
agar-grown bacteria than in resting bacteria from nodules.”
Address: Plant Physiological Research Institute, Univ. of
Pretoria, South Africa.
1221. Yamada, Akira; Matsushita, Ayako. 1955. [Studies on
the free amino acids in the soya beans and the variation of
their contents during germination by paper chromatography].
Eiyo to Shokuryo (J. of Japanese Society of Food and
Nutrition) 7(6):262-66. [Jap]*
• Summary: Cited in Japan Sci. Res. Med. Sci. 4:2264. 1956.
DNAL 241.71 J272.
1222. Bonnier, Ch.; Sironval, C. 1956. Influence of day-

length on nodule formation in Soja hispida by a specific
Rhizobium strain. Nature (London) 177(4498):93-94. Jan. 14.
• Summary: Experiments conducted on the soybean varieties
Capitole and Kouban 0375 show that the Rhizobium strain
used was able to colonize the roots of plants in a 16-hour
day, but in an 8-hour day, colonization was feeble. The
authors conclude that the functioning of the leaves, as
determined by daylength, influences nodule formation and
the effectiveness of a specific Rhizobium. Address: 1. Institut
agronomique de l’Etat à Gembloux [Belgium]; 2. Institut de
Botanique et Centre de Recherches des Hormones végétales,
IRSIA, Liège, France.
1223. de Zeeuw, D.; Leopold, A.C. 1956. The promotion of
floral initiation by auxin. American J. of Botany 43(1):47-50.
Jan. [11 ref]
• Summary: Discusses the effect of auxin (naphthaleneacetic
acid) upon flowering of the short-day species cocklebur and
Biloxi soybean. They paid special attention to the effect of
the time of application and the concentration of the auxin.
Address: Dep. of Horticulture, Purdue Univ., Lafayette,
Indiana.
1224. Aso, S.; Kinoshita, M. 1956. [Studies on translocation
of nutrients in crop plants. Uptake, translocation and
distribution of phosphorus, especially contrasted with
calcium. 1]. Nippon Dojo Hiryogaku Zasshi (J. of the
Science of Soil and Manure) 26(10):387-90. Feb. [Jap; eng]*
• Summary: Soybean plants were used in the study.
1225. Athow, Kirk L.; Caldwell, R.M. 1956. The influence of
seed treatment and planting rate on the emergence and yield
of soybeans. Phytopathology 46(2):91-95. Feb. [16 ref]
• Summary: “The results of these trials conducted under
conditions both favorable and unfavorable for emergence and
establishment of stand indicate that seed treatment may be
of value when seed of poor quality is used or seeding is at a
very low rate. Under standard seeding rates and with the use
of reasonably good seed, however, no practical value of seed
treatment has been demonstrated.” Address: 1. Asst. Prof. of
Plant Pathology, Purdue Univ., Lafayette, Indiana.
1226. Ozaki, K.; Saito, M.; Nitta, K. 1956. [Studies on
the seed development and germination of soybean plants
at various ripening stages]. Hokkaido Nogyo Shikenjo Iho
(Hokkaido National Agric. Expt. Station, Research Bulletin)
No. 70. p. 6-14. Feb. [Jap; eng]*
1227. Holmberg, Sven A. 1956. Soya-bean adaptation in
Sweden. World Crops (London) 8(3):99-103. March. [14 ref]
• Summary: This article is quite similar to one published in
Soybean Digest in Nov. 1955, but it gives more agronomic
details. Contents: Introduction. Source of breeding material.
Temperature and light. Day-length. Moisture. Preference.
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Adaptation by selection. Yield variations. Japanese material.
Extremes rather than means of temperature often draw limits
of crop distribution. Hokkaido, Japan’s northernmost main
island, tends to be a little warmer than Sweden, but Sweden
tends to have a little bit longer frostless season. “Only the
breeding of Swedish soya-bean varieties combining earliness
with adaptation to the day length of the latitude has made it
possible to grow soya beans regularly in Sweden... Natural
selection at Fiskeby, Norrköping, at latitude 58º 30’ has
allowed only day-neutral biotypes to survive.” Fiskeby
strains are all day-neutral. “The day-neutral character of
Fiskeby soya-bean strains has further been studied and
confirmed by Rudorf [1953]. It will not be photoperiodism,
but rather the temperature factor, that will draw the final
northern limit of soya bean in Sweden.”
“In 1953 the seed supply admitted only small
propagation plots. In 1954 nine growers harvested 7,500 kg.
of edible soya beans (with 14% moisture) from an area of
7.1 hectares. The mean yield in field culture was, therefore,
1,056 kg/ha...
“The existence of a small production of Swedish soya
beans in an open market, free of import duties, is based on
their edible quality and their use as food.”
Northern Hokkaido is located at 45º north latitude, while
southern Sweden is at 56º; Fiskeby, Norrköping is at 58º 30’.
Note: This is the 2nd earliest document seen (July 2021)
that contains the term “day-neutral” (or “day neutral”). It
refers to lack of sensitivity to day length and photoperiod.
Day-neutral varieties played a major role in the expansion
of soybeans, after about 1980, into areas north and south
of their traditional temperate cultivation zone worldwide.
Address: Sweden.
1228. Kato, Ichiro; Taniguchi, R. 1956. [On the study
of soil heaping at the lower part of stem of soybean. I.
Investigations on the custom of soil heaping at the lower part
of stem of soybean cultivated on footpath in paddy fields].
Okitsu. Bulletin of the Division of Plant and Cultivation,
Tokai-Kinki National Agric. Expt. Station No. 3. p. 114-18:
March. [Jap; eng]
• Summary: “Generally paddy fields in Japan are partitioned
by many foot-paths and ridges and on such paths soybeans
are usually grown extensively.
“We call this soybean ‘keihan-daizu’ or ‘azemame.’
“In Tokai-Kinki region this cultivation is prevailing
everywhere, heaping of soil at the lower part of stem as an
important cultivation method of ‘azemame’ growing, which
is being widely practiced from olden times to obtain vigorous
growth and large yields preventing the lay-down [lodging] of
plant.”
“Beside Tokai-Kinki region this custom is prevailing
in Shikoku island, Tosan and Hokuriku region.” Address:
Tokai-Kinki National Agricultural Experiment Station,
Ishinden-Ogosu, Tsu City [Japan].

1229. Krober, Orland A. 1956. Methionine content of
soybeans as influenced by location and season. J. of
Agricultural and Food Chemistry 4(3):254-57. March. [14
ref]
• Summary: Different soybean varieties contain different
amounts of methionine. “The strain Clark was significantly
higher in methionine content than either of its parents,
indicating transgressive segregation within the Lincoln x
Richland cross. It should be possible to develop varieties
high in methionine content by plant breeding.” Address:
Field Crops Research Branch, ARS, USDA, Urbana, Illinois.
1230. Ishihara, Aiya. 1956. [The effect of
2,3,5-triiodobenzoic acid on the flower initiation of
soybeans]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 24(3):211. April. [2 ref.
Jap; eng]
• Summary: Soybeans, grown under short-day conditions,
were sprayed with TIBA solutions at different growth stages
from floral initiation to flowering. Treatments at about 10
days before flowering resulted in marked increases in the
number of flower buds. Treatment at earlier stages resulted in
greater increases in leaf numbers than bud numbers. Address:
Faculty of Agriculture, Tokyo Univ.
1231. Ishihara, Aiya. 1956. [The effect of
2,3,5-triiodobenzoic acid on the flower initiation of
soybeans]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 24(3):211. April. [2 ref.
Jap; eng]
• Summary: Soybeans, grown under short-day conditions,
were sprayed with TIBA solutions at different growth stages
from floral initiation to flowering. Treatments at about 10
days before flowering resulted in marked increases in the
number of flower buds. Treatment at earlier stages resulted in
greater increases in leaf numbers than bud numbers. Address:
Faculty of Agriculture, Tokyo Univ.
1232. Meggitt, William F.; Aldrich, R.J.; Shaw, W.C. 1956.
Factors affecting the herbicidal action of aqueous sprays of
salts of 4,6 dinitro-ortho-secondary butyl phenol (DNBP).
Weeds 4(2):131-38. April. [16 ref]
• Summary: Hawkeye soybeans were used as test plants.
“The herbicidal properties of the sodium salt of 3,5-dinitroorthocresol were recognized in the early 1930’s. The
dinitrophenols and dinitrocresols have since found wide
use in controlling weeds in corn, peas, beans, potatoes,
cotton, grains, forage legumes, and many other field and
horticultural crops. The 4,6-dinitro-orthosecondary butyl
phenol (hereafter referred to as DNBP) and its salts are the
most widely used compounds of this group in the United
States.” Address: Field Crops Research Branch, A.R.S.,
U.S.D.A., Beltsville, Maryland,.
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1233. Oizumi, Hisachi; Nishiiri, Keiji. 1956. [Effects of
shading during the early part of growing period of soybean
plants on their growth and their nitrogen and carbohydrate
contents]. Nippon Sakumotsu Gakkai Kiji (Proceedings of the
Crop Science Society of Japan) 24(3):188. April. [Jap; eng]
• Summary: “Soybean plants of variety Ou No. 13, planted
on May 31st, 1954, were shaded from June 8th to July 3rd,
with marsh-reed screen which absorbed about seventy five
percent of the solar radiation.
“During the period of shading, the stems of the
plants were slender, nitrogen content was lower and the
carbohydrate contents especially of nonreducing sugars
and starch were very lower than those of the control plants
unshaded. After the shading treatment was stopped the
starch and nonreducing sugars in the stem and leaves were
accumulated conspicuously and the elongation of the stem
ceased, and the axillary bud of the first leaf developed into a
branch which was not seen in the control plants.
“Afterwards, the plants previously treated began to
elongate again and at last their stem length became equal to
that of the control, but the weights of leaves and stem were
smaller. The date of flowering was delayed one day and the
content of nitrogen was larger and the carbohydrate contents
were smaller than those of the control. Consequently, the
growth of the plants once treated with shading were delayed
remarkably.” Address: Tohoku Agric. Exp. Station.
1234. Blanchard, Marcel. 1956. Recherches sur la biologie
et la culture du soja en Algérie [Research on the biology
and culture of soybeans in Algeria]. Annales de l’Institut
Agricole et des Services de Recherches et d’Experimentation
Agricoles de l’Algerie 9(7):1-115. May. (Algiers: Institut
Agricole d’Algerie. Impr. Barbry). [162 ref. Fre]
• Summary: Contents: Introductions by M. Barbut
(Inspector General of Agriculture), and C. Munck (President
of the Agricultural Associations of Bône). Introduction
by the author. Overview of the soybean and its study
in Algeria: Scientific names, origin, area of dispersion,
forms and varieties, classification, history of soya in
Algeria, the varieties studied and the conditions of the
experiments. 2. Classification of varieties and characters
used: Morphological characters, physiological characters.
3. Determination of varieties: Key to determination of
groups, key to determination of varieties, synonyms and
the place from which varieties were obtained. 4. Biology
of soya in Algeria: Observations made, trials conducted,
results obtained and interpretation of those results. 5. The
cultivation of soya in Algeria: Needs of the plant, the culture,
agronomic trials and possibilities for the future. 6. Outlets
for the soybean in Algeria: Soya in the farm economy,
the commerce of soybean seeds, industrial uses of soya.
Summary and conclusions. Bibliography. 8 tables showing
different varieties.

Before World War II, Leon Rouest was the veritable
apostle of the soybean in France. He studied more than
3,000 samples from around the world and selected the most
interesting varieties. In addition, Mr. Guerpel cultivated
about 50 varieties of soya in Normandy. In 1941 the author
wrote Le Soja en France to popularize the soybean there.
He thanks many people for their help since 1935, including
Li Yu-ying (presently of the National Academy of Peking,
China), Mr. François (director of the laboratory of the
National Institute of Agronomic Research, which since
1935 has been at the base of his studies on soya), Messrs.
Demolon, Crépin, Bustarret, Simonet, Voisenat, Vilmorin,
Barbut, Guinochet, Ozenda, Bernard, Munck, Pasquier, and
Frezal; a brief description of the position and contribution of
each is given.
Page 12: Beginning in 1894, Dr. Trabut carried out the
first tests on soybeans (Soja) in Algeria, at the former Rouiba
School of Agriculture (Ecole d’Agriculture de Rouïba).
Very meticulous trials on a great number of varieties were
then undertaken at the Maison-Carrée Botanical Station
(Station Botanique de Maison-Carée [today’s El-Harrach,
a suburb of the Algerian capital Algiers]). The agricultural
laboratory at the Algerian Agricultural Institute (Institut
Agricole d’Algérie) studied soybeans on several occasions,
particularly from 1930 on.
Around 1936-37, at the request of Inspector General
Vivet, other trials were conducted at the Maison-Carrée
Central Station (Station Central de Maison-Carrée), at
various experiment stations and by some Chelif River
settlers, near Orléansville and Inkermann [today’s Chlef
and Oued Rhiou]. The aim was to develop new irrigated
perimeters and create new forage resources.
“In 1938 Mr. J. Serda conducted trials for the
introduction and cultivation of soya. In 1940 he successfully
cultivated a dozen acres intercropped with citrus fruits at
Chebli, in the Mitidja. In 1941 Prof. Laumont, at the Central
Station for Seed Trials and Plant Improvement at MaisonCarrée, undertook trials with a large number of varieties
from France, the USA, and the Balkans. This careful
experimentation could not be continued until near the end of
1943 due to the actions of the Allies in North Africa during
World War II. In 1948 we introduced at the Central Station
112 varieties of soya from the collection at the Station for
Seed Trials in Paris, varieties which had been studied starting
in 1935.
“The soybean collection at Maison-Carrée presently
consists of 153 varieties [including 97 varieties originally
collected and studied in Paris]. During the last campaign,
the most interesting varieties have been sent for trial in
the various regional stations connected to the Agricultural
Experimentation Service of Algeria. This the soybean has
been studied in Algeria for more than 60 years.”
The morphological characters associated with the
soybean seed, and with the young, adult, and mature plants,
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and with the pods, have been combined into as key for
determining varietal names and eliminating synonyms.
The varieties have been classified into 3 groups based on
the ratio of the number of days from planting to flowering
(or to maturity) in Paris to the corresponding number at
Maison-Carrée. The comparison of the characters under
the two environments focused attention on photoperiodism
and temperature. The “heliothermic index” is calculated
as follows: number of days of vegetation x mean daily
temperature x mean day length. Address: Chef de Travaux,
Service de l’Experimentation Agricole en Algerie.
1235. Collins, F.I.; Cartter, J.L. 1956. Variability in chemical
composition of seed from different portions of the soybean
plant. Agronomy Journal 48(5):216-19. May. [5 ref]
• Summary: The oil content of soybeans was found to vary
with the position of the pod on the plant, the position of the
pod on the raceme, and the position of the seed in the pod.
Seeds from the lower half of plants were 0.5% higher in
oil and 1% lower in protein than those from the upper half.
Beans near the tip of long terminal racemes contained less
oil than those farther down. Seed nearest the tip of the pod
had the highest oil and lowest protein content. Address: U.S.
Regional Soybean Lab., Urbana, Illinois.
1236. Dei, Y.; Takahashi, T. 1956. [The injury of soil acidity
to the upland crops. II. On upland rice and soybean]. Kyushu
Nogyo Kenkyu (Kyushu Agricultural Research) No. 17. p.
132-33. May. [Jap]
Address: Kyushu.
1237. Earley, E.B. 1956. University of Illinois chemurgy
class. Chemurgic Digest. May. p. 24, 21.
• Summary: “Chemurgy is being offered to senior and
graduate students at the University of Illinois. This has
come about largely through the vision and encouragement
of Dr. W.L. Burlison, formerly head of the Agronomy
Department. Dr. Burlison was one of the leaders in the
chemurgic movement and one who visualized the great need
for research in expediting the production and utilization of
agricultural products.”
“The fact that plants are renewable sources of organic
chemicals is underlined.”
The course is taught by E.B. Earley, professor of plant
physiology. A large photo shows Prof. Earley and the class
members.
1238. Sun, C.N. 1956. Histological changes induced in
soybean roots by 2,4-dichlorophenoxyacetic acid. Science
123(3208):1129-30. June 22. [2 ref]
• Summary: Again the herbicide 2,4-D leads to abnormal
growth in soybean plants, this time in their roots. Address:
Institutum Divi Thomae Foundation, Cincinnati, Ohio;
Presently at: St. Louis Univ., St. Louis, Missouri.

1239. Epstein, Emmanuel. 1956. Mineral nutrition of plants:
mechanisms of uptake and transport. Annual Review of Plant
Physiology 7:1-24.
• Summary: “Regulation of the passage of solutes
between cells and the solutions bathing them is one of the
fundamental phenomena common to all living things.”
Address: Agricultural Research Service, USDA, Beltsville,
Maryland.
1240. Fukui, Juro; Ojima, M.; Yarimizu, H. 1956. Daizu no
tôjuku-kikan no nicchô, ondo-jyôken ga jidai sakumotsu ni
oyobosu gosayou/atosayou(?) [After-effect of day-length and
temperature treatment given during the seed ripening period
of soybeans on the plant growth and yield in the following
generation]. Ikushugaku Zasshi (Japanese J. of Breeding)
6(1):5-10. June. [5 ref. Jap; eng]
• Summary: “Résumé: This experiment was carried out in
order to ascertain the after-effect of temperature and daylength treatment, given during the seed-ripening period of
soybean, on the plant growth and yield in the following
generation and also to clarify its ecological significance. It
was carried out on the Kanto-Tosan Agricultural Experiment
Station, Ministry of Agriculture and Forestry. The seeds
exposed to the different temperature and day-length
treatment during their ripening period were sown in 1953.
The results obtained may be summarized as follows:
“1. Seeds obtained from the different treatments were
quite different in size and weight. In experiment of series X,
seeds to be sown were selected for seed weight so as seeds
of almost same weight were used throughout all the plots, in
order to eliminate the effect of different weight of seeds. In
series Y, on the other hand, seeds of representative (mean)
weight of each plots were used respectively.
“In the former case, slight differences in plant growth
and yield were observed between each plot although, as
above mentioned, the seeds used in each plots had been
developed under different temperature and day-length
conditions.
“In the latter case, however, a quite remarkable
differences in plant growth are recognized. Plants grown
from the seeds of high temperature and short day-length
plots, namely the plant from the lightest seed, are especially
poor.
“2. The after-effect on the blooming time was
ascertained. This result coincides with that of earlier
experiments which were carried out in 1951 and 1952.
“3. The after-effect on the yield was confirmed.
Seed weight had been conspicuously effected by the daylength and temperature treatment, and it was observed
that the lighter the seed weight the greater the after-effect
on the growth of the plants and longer the effect lasted.
Consequently the yield of the plants, grown from the seeds
which were exposed to the high temperature and short day-
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length treatment during their ripening period was very poor.
“4. By comparing the effect of treatment carried out for
three successive years, 1950, 1951 and 1952, no cumulative
effect was observed. However only in the high temperature
and natural day-length plot, the yield was greater with three
years treatment than that of one year (1952) treatment. This
result is attributable to the fact, that during the successive
treatments. seed weight tends to re-increase. With this point,
further research will be conducted.
“5. These studies concerning the after-effect of climatic
conditions during the seed ripening period on the growth
and yield of the next generation are no doubt very important
to make the ecological interpretation on the so-called ‘seedhome’ of soybeans more clear.” Address: National KantoTosan Agr. Exp. Station [Japan].
1241. Graham, E.R.; Powell, S.; Carter, M. 1956. Soil
magnesium and the growth and chemical composition of
plants. Missouri Agric. Exp. Station, Research Bulletin No.
607. 20 p. June. [9 ref]
• Summary: Study with soybeans, wheat, and Ladino clover.
Address: Columbia, Missouri.
1242. Lange, Erwin F. 1956. Pioneer botanists of the Pacific
Northwest. Oregon Historical Quarterly 57(2):108-24. June.
[6 ref]
• Summary: Contains a good biography of Charles V. Piper
(p. 120-22). It begins: “Charles Vancouver Piper was perhaps
the most widely known of the pioneer botanists. Of the
group he was the only one born in the Pacific Northwest and
had more formal training in botany than any of the others...
Piper’s fame nationally rests on his outstanding work in
dealing with the problems of forage crops while serving as
agronomist for the U.S. Department of Agriculture.”
A portrait photo (p. 116) shows C.V. Piper.
1243. Toole, E.H.; Hendricks, S.B.; Borthwick, H.A.; Toole,
V.K. 1956. Physiology of seed germination. Annual Review
of Plant Physiology 7:299-324. June.
• Summary: “The Germination Process: What happens
when germination starts? The first change when seeds are
placed to germinate is the imbibition of water. In the dry
seeds of maize (158) and of bean (109) all of the tissues are
shrunken, cell vacuoles are small, the nucleus is irregular,
and the cell contents are plasmolyzed, but with absorption
of water the cells become turgid. During the first 10 to 12 hr.
no elongation of cell walls can be noted nor have chemical
changes been detected.” Address: USDA, Plant Industry
Station, Beltsville, Maryland.
1244. Downs, R.J. 1956. Photoreversibility of flower
initiation. Plant Physiology 31(4):279-84. July. [26 ref]
• Summary: Study with Biloxi soybean and four other
plants. “The third hypothesis that suggests itself is that since

the far-red-absorbing form of the pigment is the biologically
active form (10), it starts a series of temperature-dependent
events that in 30 to 45 minutes lead to a condition inhibitory
to flowering. This seems to be the only proposal that agrees
with the available experimental evidence. Generally the
far-red irradiation does not completely repromote flowering
even when given immediately after the red (table II). The
difference between the flowering stage of the control plants
and that of the far-red-repromoted plants is proportional to
the duration of time lapsing between the two irradiations,
reaching a maximum difference after about 30 minutes when
the far-red treatment completely fails to repromote flowering
(fig 3).
“It seems reasonable to conclude that while the pigment
is in the biologically-active, far-red-absorbing form there is
a slow build-up of a condition inhibitory to flower initiation.
Conceivably this inhibitory condition could be due to the
formation or destruction of an inhibitor, or to the production
or destruction in the presence of the far-red-absorbing form
of the pigment of a substance that directly or indirectly
promotes flowering.”
“It is suggested that the far-red-absorbing form of the
pigment is the biologically active form and causes a slow
build-up of a condition inhibitory to flowering.” Address:
Horticultural Crops Research Branch, Plant Industry Station,
Beltsville, Maryland.
1245. Nelson, C.D.; Krotkov, G. 1956. Metabolism of C14
amino acids and amides in detached leaves. Canadian J. of
Botany 34:423-33. 34(4):423-33. July. *
• Summary: “Detached broad bean leaves were placed with
their petioles in 0.01 M ammonium nitrate and allowed to
carry on photosynthesis in C14O2 for various periods from
12 to 125 min. The radioactivities of the various amino
acids formed from C14O2 were determined. In addition,
these amino acids were degraded by decarboxylation with
ninhydrin. From the specific activity data it was concluded
that the amino acid closest to the site of carbon dioxide
fixation in photosynthesis was alanine, followed by aspartic
and glutamic acids, with...”
1246. Sato, Takao; Kamiyama, Keiji. 1956. Daizu no
saishu ni kansuru kenkyû: Kotonaru hyôkô de saishu
shita daizu sushi no jidai shokubutsu no seiiku shûryô
ni oyobosu eikyô ni tsuite [Studies on seed production
of soybean: Experimental researches of the effects of
differences in the altitudes of producing localities upon the
seeds and their progeny plants]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
24(4):317-18. July. [2 ref. Jap; eng]
• Summary: The seeds were produced at altitudes from 80
to 1,350 meters. Within a given variety, differences in seed
size were due to edaphic (relating to the soil) rather than
climatic conditions. The higher the altitude, the earlier was
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the flowering and seed maturity, and the lower was the fat
content.
To produce superior soybean seeds, one should choose
localities as free as possible from plant diseases or noxious
insects. Of the seeds produced, larger sized ones from within
each variety should be selected for planting to give more
abundant yields. Address: Kanto-Tosan Agric. Exp. Station.
1247. Tomizawa, C. 1956. Effects of
2,4-dichlorophenoxyacetic acid (2,4-D) and
3-(p-chloropheny1)-1,1-dimethyl-urea (CMU) on phosphorus
metabolism in soybean plants. Nogyo-Gijutsu-Kenkyusho
Hokoku (Bulletin of the National Institute of Agricultural
Science. Series C (Phytopathology & Entomology)) No. 6. p.
103-09. July. [23 ref. Eng; jap]
• Summary: “The effect of herbicides, especially 2,4-D,
on various aspects of the metabolic activity in plants, have
appeared in many publications (1-8). General responses
which are observed in plants treated with herbicides are
the changes on respiratory ration, photosynthetic action,
content of constituents and the uptake of nutrients.” Address:
National Inst. of Agricultural Sciences, Nishigahara, Japan.
1248. Nelson, C.D. 1956. Translocation and fate of C14labeled sugars in soybean seedlings. (Abstract). Plant
Physiology 31(Suppl.):xxxiii. Aug. 29.
• Summary: “The translocation of glucose-U-C14, fructoseU-C14 and sucrose-U-C14 of high specific activity (20 to 50
micro c per mg.) and of C14-labeled photosynthate has been
studied in 20 to 30-day-old soybean seedlings. Ten to 100
micrograms of each sugar was introduced into the seedlings
in one of two ways. (1) Solutions of sugars were applied as a
1 cm2 spot to the non-wounded primary leaf blade. Sodium
dodecyl sulphate, 0.8%, was necessary for uptake of the
sugar by the leaf. A further addition of 5 ppm of boron, as
boric acid, increased the rate of uptake. (2) The cut petiole of
a primary leaf was immersed in an aqueous solution of the
labeled sugar...”
Note: On the cover of this supplement: “Proceedings of
the Meetings. Sponsored Jointly by the American Society
of Plant Physiologists and the Physiological Section,
Botanical Society of America, University of Connecticut,
Storrs, Connecticut, August 26-30, 1956.” Address: National
Research Council, Ottawa, Canada.
1249. Clark, J.A.; Levitt, J. 1956. An investigation of the
drought hardening of the soybean plant (Abstract). Plant
Physiology 31(Suppl.):xvi.
• Summary: “Potted soybean plants were grown in the
greenhouse and divided into two groups. One group (nonhardened) was watered daily or as often as needed to
prevent wilting. The other group (hardened) was permitted
to undergo frequent severe wilting starting about one month
after planting the seed. Transpiration was more rapid from

excised leaves of non-hardened than from, those of hardened
plants. Shredding the leaves eliminated this difference.”
Note: On the cover of this supplement: “Proceedings of
the Meetings. Sponsored Jointly by the American Society of
Plant Physiologists and the Physiological Section, Botanical
Society of America, University of Connecticut, Storrs,
Connecticut, August 26-30, 1956.” Address: Botany Dep.,
Univ. of Missouri.
1250. Miller, G.W.; Evans, H.J. 1956. Comparison of
certain properties of particulate cytochrome oxidase with a
purified solubilized cytochrome oxidase from soybean roots
(Abstract). Plant Physiology 31(Suppl.):xxv.
• Summary: “The properties of cytochrome oxidase in
particulate fractions from soybean roots have been compared
with those of a purified extract from the same source
prepared by sodium cholate treatment, trypsin digestion
and (NH4)2SO4 fractionation. As previously reported, the
activity of the particulate preparation is strikingly increased
by addition to the assay medium of certain univalent and
divalent cation salts. It also has been reported that the
cytochrome activity of the particulate fraction was stimulated
by phosphate and inhibited by bicarbonate. It has been
observed that the reaction of the particulate enzyme follows
zero order kinetics for at least two minutes.”
Note: On the cover of this supplement: “Proceedings of
the Meetings. Sponsored Jointly by the American Society of
Plant Physiologists and the Physiological Section, Botanical
Society of America, University of Connecticut, Storrs,
Connecticut, August 26-30, 1956.” Address: North Carolina
State College, Raleigh, North Carolina.
1251. Wallace, Joan; Clark, Harold E. 1956. Catalase and
peroxidase activity in soybean seedlings grown at several
iron levels with and without added cobalt (Abstract). Plant
Physiology 31(Suppl.):vi. Aug. 30.
• Summary: “The levels of Fe and of Co in the nutrient
solution affected catalase activity in leaves and peroxidasc
activity in roots. Plants were grown in nutrient solution at 3
levels of Fe (0.15, 3 and 15 ppm) with and without Co (0.3
ppm) added, and were sampled at intervals during the first
month of growth. In the absence of Co, chlorosis appeared
only in plants grown at the lowest Fe level. In the presence of
Co, there was an earlier appearance of similar symptoms at
the lowest Fe level and later at the intermediate level. At the
lowest Fe level, catalase activity was less than at the higher
Fe levels, and presence of Co accentuated these differences.
Peroxidase activity of the roots was greatest with 15 ppm Fe,
and least with 0.15 ppm Fe. The addition of Co depressed the
activity further at the low Fe level and increased it slightly at
15 ppm Fe.”
Note: On the cover of this supplement: “Proceedings
of the Plant Physiology Meetings. Sponsored Jointly by
the American Association of Plant Physiologists and the
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Physiological Section, Botanical Society of America, Univ.
of Connecticut, August 26-30, 1956.” Address: Rutgers
Univ., New Brunswick, New Jersey.
1252. Cheniae, G.M.; Evans, H.J. 1956. Studies on “nodule
nitrate reductase” (Abstract). Plant Physiology 31(Suppl.):x.
• Summary: Found that soybean nodule bacteria possessed
nitrate reductase, whereas the bacteria grown in culture did
not unless they were grown in the presence of nitrate.
Note: On the cover of this supplement: “Proceedings of
the Meetings. Sponsored Jointly by the American Society of
Plant Physiologists and the Physiological Section, Botanical
Society of America, University of Connecticut, Storrs,
Connecticut, August 26-30, 1956.” Address: Univ. of North
Carolina, Raleigh, NC.
1253. Evans, Harold J. 1956. The purification and properties
of a diaphorase from soybean leaves. (Abstract). Plant
Physiology 31(Suppl.):xli-xlii.
• Summary: An extract has been prepared from an
acetone powder of soybean leaves which catalyzes the
oxidation of reduced pyridine nucleotides by dyes or
certain naphthoquinones. The enzyme has been purified
approximately 100 fold by use of ammonium sulphate
fractionation and chromatographic procedures. The pH
optimum of the enzyme is near 7.5 and the affinity of the
enzyme is considerably greater for TPNH than for DPNH.
The enzyme is moderately inhibited by pyrophosphate and
phosphate and slightly inhibited by certain chelating agents
such as KCN, NaN3 and ortho-phenanthroline.
“Cytochrome c will not act as a direct electron
acceptor for the system; however if certain compounds
including menadione or 2-hydroxy 3(2-methyloctyl)
1-4 naphthoquinone are added to the reaction mixture
containing reduced pyridine nucleotide, enzyme and
oxidized cytochrome c the latter is reduced at a rapid rate.
The experimental evidence indicates that the reduction of
naphthoquinone derivatives by reduced pyridine nucleotides
is enzymatic but the reduction of cytochrome c by the
reduced naphthoquinone is a nonenzymatic reaction. Other
properties of the enzyme are being investigated, including
the possibility that the enzyme is a flavoprotein.”
Note: On the cover of this supplement: “Proceedings of
the Meetings. Sponsored Jointly by the American Society of
Plant Physiologists and the Physiological Section, Botanical
Society of America, University of Connecticut, Storrs,
Connecticut, August 26-30, 1956.” Address: North Carolina
State College, Raleigh, North Carolina.
1254. Fukui, Juro. 1956. Daizu hinshu no dojyô seitaikei
ni kansuru kenkyû. (1) Ne no sankaryoku no hinshukan sai
ni tsuite [Pedolo-ecological studies on soy-bean varieties.
I. Intervarietal variation on the oxidizing power of roots].
Ikushugaku Zasshi (Japanese J. of Breeding) 6(2):88-90.

Aug. [6 ref. Jap; eng]
• Summary: “Résumé: This experiment was carried out in
the National Kanto-Tosan Agricultural Experiment Station,
in 1952.
“One hundred and twelve varieties including the native
and improved varieties, collected from various districts in
Japan, were used as materials.
“As a part of pedolo-ecological studies on the soy-bean
varieties, the oxidizing power of roots was compared. The
results obtained are summarized as follows:
“(1) On the basis of staining of roots caused by the
oxidation of naphthylamine by roots, these varieties were
classified into 6 types; very weak (stained by the reagent in
purplish lilac colour), weak (stained by the reagent in aconite
violet colour), slightly weak (stained by the reagent in livid
violet colour), middle (stained by the reagent in naphthylene
violet colour), strong (stained by the reagent in deeper
naphthylene violet colour) and very strong (stained by the
reagent in the deepest naphthylene violet colour).
“(2) No correlation was found between these types
classified by the oxidizing power of roots and the ecological
types classified by the number of days from germination to
blooming and also from blooming to ripening.
“(3) Judging from the results and information obtained
from all the Prefectural Agricultural Experiment Stations
on the adaptability of these soy-bean varieties, it has been
found that comparatively large numbers of varieties belong
to the types showing strong oxidizing power of roots among
the varieties which are known to be suitable for virgin soils,
footpath of paddy field and rich in humus.
“(4) These facts will be of much helpful to explain
the distribution pattern of soy-bean varieties and further to
select the suitable varieties under a given edaphic condition
at any place or to make soy-bean breeding more effective.”
Address: National Kanto-Tosan Agr. Exp. Station [Japan].
1255. Cartter, J.L. 1956. Twenty years of cooperative
research: Describes varieties introduced by the U.S.
Regional Soybean Laboratory. Soybean Digest. Sept. p.
61-64. Publication No. 284 of the U.S. Regional Soybean
Laboratory.
• Summary: The rapid, steady increase in soybean
production in the USA has been made possible, in part, by
a coordinated research program. “The Bankhead-Jones Act,
passed in June 1935 [in the depths of the Great Depression,
with Franklin D. Roosevelt as president and Henry A.
Wallace and Secretary of Agriculture], stated as one of its
purposes, ‘The Secretary of Agriculture is authorized and
directed to conduct research... relating to the improvement
of the quality of and development of new and improved
methods of production of, distribution of, and new and
extended uses and markets for agricultural commodities and
byproducts...’
“The U.S. Regional Soybean Laboratory was the third
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of a number of laboratories established under this act for
the purpose of fostering cooperation between the U.S.
Department of Agriculture [USDA] and the state agricultural
experiment stations in conducting research on specific
crops. At that time we were pioneering in the cooperative
development of new soybean varieties for industrial use and
also pioneering in a new type of federal-state cooperation
itself. Over the years we have learned to take this type of
cooperation for granted.”
“The Laboratory was established as a cooperative
undertaking between the Bureaus of Chemistry and Soils
and Plant Industry of the USDA, and the 12 state agricultural
experiment stations of the North-Central region. As a
matter of historical interest, the meeting at which the formal
cooperative agreement was formulated was held in Chicago,
Feb. 7, 1936.
“When the Laboratory was inaugurated in the spring of
1936, the headquarters was established here at the University
of Illinois, where adequate laboratory, greenhouse, and
office facilities were provided by the University through the
active leadership of Dr. W.L. Burlison. In 1942, the work
on processing and industrial utilization was transferred
to the Northern Regional Research Laboratory at Peoria,
Illinois. This utilization research was reported in over 130
publications and so will not be reviewed here.
“In the same year, at the request of the directors of
the agricultural experiment stations of the Southern states,
the work of the U.S. Regional Soybean Laboratory was
expanded to include this region also.
“Following the reorganization of the USDA in 1953, the
Soybean Project, which includes the Soybean Laboratory, is
a part of the forage and range section, field crops research
branch, Agricultural Research Service, USDA.”
In 1938 the Uniform Soybean Tests, as they have come
to be known, were initiated on a limited basis with only
3 maturity groups. “The work was rapidly expanded until
9 maturity groups have now been established”–5 for the
North Central states and 4 for the Southern states. There are
presently “over 100 cooperative nursery locations where
new varieties are given a thorough evaluation before being
recommended for release to producers.
“Prior to 1936, farmers were growing many of the
older soybean varieties such as Manchu, Dunfield, Illini,
Mammoth Yellow, Biloxi, and many other strains produced
mainly by selection from plant introductions.”
“The first soybean variety that was released through
the cooperative research program was Lincoln, released
in 1944.” A table shows each of the 16 soybean varieties
developed cooperatively by the laboratory, listed in order
of maturity group (00 to VII). For each is also given the
parentage and originating experiment station. Northern
varieties: Norchief (0, 1954). Grant (0, 1955). Chippewa (I,
1954). Renville (I, 1952). Monroe (I, 1949). Blackhawk (I,
1951). Hawkeye (II, 1948). Adams (III, 1949). Lincoln (III,

1944). Clark (IV, 1953). Wabash (IV, 1949). Perry (IV, 1952).
Southern varieties: Dorman (V, 1952). Lee (VI, 1954).
Roanoke (VII, 1946). Jackson (VII, 1953). One paragraph
is then devoted to a discussion of each variety. Address:
Research Agronomist, Field Crops Research Branch,
Agricultural Research Service, USDA.
1256. Sen, S.P.; Leopold, A.C. 1956. Influence of light and
darkness upon carbon dioxide fixation. Plant Physiology
31(5):323-29. Sept. [34 ref]
• Summary: In soybeans, barley, and cocklebur.
“3. It is concluded that there are compounded
interactions between the light and the dark periods in
photoperiodism, and that these interactions are reflected
in altered patterns of C02 fixation both in light and in
darkness.” Address: Horticulture Dep., Purdue Univ.,
Lafayette, Indiana.
1257. Böhning, R.H.; Burnside, C.A. 1956. The effect of
light intensity on rate of apparent photosynthesis in leaves of
sun and shade plants. American J. of Botany 43(8):557-61.
Oct. [4 ref]
• Summary: The soybean, a typical “sun plant” was one of
the 13 plants studied, but it is mentioned only twice. “The
relationship between photosynthesis and light intensity has
been a subject of investigation by plant physiologists for a
great many years.”
“Summary: The rate of apparent photosynthesis in
relation to light intensity in leaves of several species of
plants exposed to similar conditions of light, temperature,
moisture, and CO2 supply was measured. Light saturation
curves for apparent photosynthesis of 8 sun species
and 5 shade species are presented. Light saturation and
compensation points for the sun species were 2000-2500 ft.candles and 100-150 ft.- candles respectively.
A graph of soybean light intensity (in 1,000 footcandles) appears on page 559. Address: Dep. of Botany and
Plant Pathology, The Ohio State Univ., Columbus 10, Ohio.
1258. Chujo, H. 1956. [The effect of auxin on the
photoperiodic response in soybean plants. I. On the time
and concentration for the treatment (Abstract)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 25(1):48. Oct. [Jap]
1259. Clark, Jasper A.; Levitt, J. 1956. The basis of drought
resistance in the soybean plant. Physiologia Plantarum
9(4):598-606. Oct. [4 ref]
• Summary: Environment resistance (e.g. drought, frost, or
heat resistance) may be due to either avoidance or tolerance
(Levitt 1956).”
“Summary: 1. The cell walls of droughted soybean
plants are less elastically extensible than those of
nondroughted plants. This is the opposite of what would be
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expected from their ability to remain turgid longer.
“2. The droughted plants transpire less rapidly than the
nondroughted plants. But this difference is eliminated and
even reversed when the protective effect of the surface is
removed by cutting the leaves into strips.
“3. The droughted plants possess more leaf surface lipids
per unit area than the nondroughted plants. Removing some
eliminates or even reverses the difference in transpiration.
“4. There is no difference in dehydration hardiness
between droughted and nondroughted plants.
“5. The drought resistance of droughted soybean plants
is solely drought avoidance, due to a deposit of more leaf
surface lipids. Whether or not an increased root system could
play a role in the field was not investigated, since the plants
used were grown in pots.” Address: Botany Dep., Univ. of
Missouri.
1260. Fukui, Juro. 1956. [On the effect of soil moisture
upon the function of root in soybean (preliminary report).
1. Morphological changes of root as affected by soil
moisture content (Abstract)]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 25(1):4748. Oct. [Jap]
Address: Kanto-tosan Agricultural Exp. Station, Ministry of
Agriculture and Forestry).
1261. Hernandez-Medina, E. 1956. The use of chelates to
control iron chlorosis in soybeans grown in alkaline substrate
under greenhouse conditions. J. of Agriculture of the
University of Puerto Rico 40(4):245-54. Oct. [12 ref. Eng;
spa]
• Summary: “Introduction: It is often observed that iron
chlorosis develops in plants grown under greenhouse
conditions in sand or water cultures. This situation
is frequently attributable to the precipitation of iron
by phosphates when they are used in relatively high
concentrations or in nutrient solutions with pH values above
6.” Address: Associated Horticulturist, Agric. Exp. Station,
Univ. of Puerto Rico, Río Piedras, P.R.
1262. Kondo, H.; Ikenaga, N. 1956. Growth and seeddevelopment in soybean plants as affected by the soil
moisture content at different growing stages (Abstract).
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 25(1):55. Oct. [Jap]
1263. Nelson, Lyle E. 1956. Response of soybeans grown
in the greenhouse to zinc applied to a black belt soil. Soil
Science 82(4):271-74. Oct. [7 ref]
• Summary: “In the summer of 1954 chlorosis was
observed in the soybean variety test at the Black Belt
Branch Experiment Station near Brooksville, Mississippi.
The chlorotic plants occurred in localized areas and not
in uniform distribution over the field. Symptoms, which

appeared as an interveinal chlorosis on the older leaves of the
plant, were diagnosed as zinc deficiency.”
“Bulk samples of soil were taken from areas on a Black
Belt soil in which soybeans were chlorotic and normal and
after fertilization with ZnSO4 and Es-Min-El were cropped
in the greenhouse.”
Note: “Es-Min-El” is a mineralized farm fertilizer.
“A vegetative response of soybeans to zinc fertilization
was obtained, although severe chlorosis of the unfertilized
plants did not occur. The zinc content of the soybean tops
was not increased by zinc additions to the soil but total zinc
uptake from the soil was increased. The zinc content of the
soybean plants grown in the deficient soil was approximately
15 ppm, whereas that from plants grown on normal soil was
30 ppm.” Address: Mississippi Agric. Exp. Station.
1264. Staniforth, David W.; Weber, Charles R. 1956. Effects
of annual weeds on the growth and yield of soybeans.
Agronomy Journal 48(10):467-71. Oct. [7 ref]
• Summary: “Synopsis: In 15 experiments, yield reductions
of soybeans in weed-infested plantings averaged 3.7 bushels
per acre or approximately 10% of weed-free beans when
weeds were grown the entire season. Foxtail reduced bean
yields slightly less than smartweed or velvet leaf. Dry matter
yield of above ground parts of soybeans and weeds combined
approximated that of weed-free beans alone. Effects of
rainfall are discussed. Possible effects of uncontrolled factors
are recognized.” Address: Associate Prof. of Botany and
Plant Pathology and Agronomy (Farm Crops), Iowa State
College.
1265. U.S. Regional Soybean Laboratory. 1956. Disease
reactions of soybean plant introductions, Group II maturity.
RSLM (U.S. Regional Soybean Laboratory Mimeograph,
Urbana, Illinois) No. 183. Oct. 90 p. Not for publication.
• Summary: “Due to the delay incident to obtaining bids and
other details for the proposed utility building for the Soybean
Laboratory, it has been necessary to go ahead with the
building authorized for the Natural History Survey. It would
seem most desirable that this building be located just east
of the steel-framed screen house now on the farm, with the
south edges of the two in line.
“When you have gotten approval for your building, we
can determine its location in consultation with Dr. Burlison
and others.
“We were fortunate indeed to obtain a high quality,
semi-prefabricated, ‘demountable’ building of the modern
design for the Natural History Survey. The quoted price
for the erection, including high quality baked-enamel
aluminum siding, is $4,457. This is nearly $1,000 less than
for a comparable concrete block structure and apparently
considerably less than for a steel-framed building with
galvanized iron covering.
“If your specification could have been modified to
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permit this type structure, we could get it for $4,357 (so far
as I can determine, you could still obtain the building for this
cost).
“Actually the only difference in the general character
of the ‘Best farm’ building and a steel-framed, steel-covered
structure is in the walls and trusses (steel vs. wood) and the
covering (steel vs. aluminum).
“I understand fully the problem of conforming to the
budget bill which prescribed the particular structural details.
In my judgment, important advancement has occurred in the
period since plans were first made. Now we can obtain high
quality aluminum covering material, wood truss designs
are prefabricated from No. 1 lumber and metal timbers
connectors, and specialized crews are available for erection.
“We shall give every possible co-operation in meeting
your needs. Although members of the experiment station
staff agreed to the placement of a plain galvanized steel
structure on the farm, recent progress does raise the question
of its desirability. I feel certain that the administrative
officials will wish to review the plans and specifications for
the new building before final decisions are made.
“One suggestion was that the authority might be allowed
to lapse for 1948-49, and that a different type structure be
requested in the next budget–it may not be feasible to do this,
however.”
“cc W.K. Carroll. E.W. Lehrman [?]. H.P. Rusk.”
Address: Urbana, Illinois.
1266. U.S. Regional Soybean Laboratory. 1956. Agronomic
evaluation of soybean plant introductions, Group 0 maturity.
RSLM (U.S. Regional Soybean Laboratory Mimeograph,
Urbana, Illinois) No. 186. Oct. 27 p. Not for publication.
• Summary: These variety trials were conducted in
Kanawha, Iowa, in 1953. For each variety is given: Line
number. Variety name or number. Source (such as Dairen,
Liaotung, Manchuria). Year introduced (1922-1949). Flower
color. Date of flowering. Iodine no. Maturity. Lodging.
Height. Uniformity score. Growth habit (GS, VS, or G).
Pubescence color. Pubescence type. Yield (bushels/acre).
Percentage of protein. Percentage of oil. Color of seed coat.
Color or hilum. Weight of 100 seeds. Seed quality. Remarks.
Named varieties: Mandarin (Ottawa), Flambeau.
Address: Urbana, Illinois.
1267. Gage, R.S.; Aronoff, S. 1956. Chlorophyllase in
soybean. Plant Physiology 31(6):477-78. Nov. [7 ref]
• Summary: “The results show no highly significant enzyme
activity in any of the soybean mutants, compared with that
of dahlia, and we conclude that chlorophyllase activity is not
related to this type of chlorosis in soybean.” Address: Inst.
of Atomic Research and Dep. of Botany, Iowa State College,
Ames, Iowa.
1268. Fukui, Juro; Yarimizu, Hisashi. 1956. Kaika go no

ondo ga daizu no tôjuku ni oyobosu eikyô no hinshukan sai
[On the varietal difference of the effect of high temperature
after blooming time upon the seed ripening period of
soy-bean]. Ikushugaku Zasshi (Japanese J. of Breeding)
6(3):192-96. Dec. [8 ref. Jap; eng]
• Summary: “Résumé: Experiment was carried out in 1952
on the varietal difference of the effect of high temperature
upon the ripening period of soy-beans. Varieties used were
Sango-wase (Kumamoto), Nakate-hadaka (Hokkaido),
Kisaya (Kagoshima), Norin No. 2 (Ibaraki), Iwate No.
2 (Iwate), Shiro-hachikoku (Yamagata) & Mejiro No. 1
(Fukushima). Sango-wase & Kisaya are the varieties of short
ripening period [early maturing], Nakate-hadaka, Norin No.
2 and Shiro-hachikoku are the varieties of middle ripening
period and Iwate No. 2 and Mejiro No. 1 belong to the
varieties of long ripening period.
“The plants were grown in soil by pot culture and half
of them were grown in high temperature condition (about
6ºC higher than natural temperature condition) during the
period from blooming to maturity, and the rest were grown
under the natural temperature condition. Moreover in both
conditions, the natural day-length of 10 hrs day-length and 8
hrs day-length were maintained. The results obtained may be
summarized as follows
“(1) Apparent responses of ripening period to the high
temperature were observed. In both natural and short daylength condition, the acceleration of ripening period was
remarkably large in the variety of middle ripening period, but
not so remarkable in the variety of long ripening period and
was negligible in the variety of short ripening period.
“(2) These varietal differences were not due to the
varietal responses to the difference of temperature between
high and natural temperature condition, but to the varietal
sensibility to high temperature and these facts may have the
close relation to the environment conditions of the localities
to which these varieties were distributed.
“(3) The acceleration of the ripening period according to
high temperature greatly decreases the yield of seed. In has
been found that in the variety in which the decreasing rate of
ripening period was large, the decreasing rate of 100 seedweight per plant also were large, but, in the variety in which
the decreasing rate of ripening period was middle or small,
the decreasing rate of 100 seed-weight and seed-weight per
plant were also considerably small.
“(4) These above mentioned facts may be helpful to
explain the distribution and selection of soy-bean varieties
for different localities and it may also be of some help for
the breeding programme of soy-bean varieties.” Address:
National Kanto-Tosan Agr. Exp. Station [Japan].
1269. Matsubayashi, Minoru; Kakinuma, K.; Murakami, S.
1956. [Studies on water economy in crop plants. II. Water
economy in upland rice and soybean with special reference
to temperature and soil moisture]. Nippon Sakumotsu Gakkai
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Kiji (Proceedings of the Crop Science Society of Japan)
25(2):79-80. Dec. [3 ref. Jap; eng]
• Summary: “The influences of night temperature and soil
moisture on the water economy in upland rice and soybean
plants were observed. The results of the experiment were as
follows:
“(1) Norin 22, a rice variety of panicle-number type,
developed with a similar tendency in the response to night
temperature as Iwate Ryoon I, a variety of panicle-weight
type.
“(2) The accumulating degree of dry substance was
the largest at the heading period in upland rice plant. But it
was rather larger at the period prior to blooming than at the
blooming period in soybean plant.
“(3) The amount of water transpired through upland rice
plant was comparatively copious from the panicle developing
stage to the earlier stage of ripening, and that transpired
through soybean plant was the most at the blooming period.
“(4) The water requirements of upland rice and soybean
under cool night conditions became less than those under
warm night conditions from the stage of heading in the
former and before blooming in the latter. As aforesaid, that
of oats under cool night condition was less than under warm
night condition through almost every stage of growth. These
facts seemed to be ascribed to the differences between them
in their physiological and ecological characters responding to
temperature.
“(5) The period of the highest efficiency of transpiration
for producing crop materials in soybean plant was found
before its blooming. The fact appeared to be of special
interest from the point of view of both food value of the plant
and use of the soil moisture in green forage cropping.
“(6) The water requirement of soybean decreased
progressively up to a certain point in accordance with the
decrease of soil moisture. With a further decrease of soil
moisture to a point where the plants wilted often transiently,
the water was spent less efficiently.” Address: Tohoku
National Agricultural Experiment Station.
1270. Raggio, Miguel; Raggio, Nora. 1956. Relación entre
cotiledones y nodulación y factores que la afectan [The
relationship between cotyledons and nodulation and factors
affecting it]. Phyton (Buenos Aires, Argentina) 7(2):103-19.
[30 ref. Spa; eng]
• Summary: “In both soybean and black wax bean
nodulation was obtained in light-grown and etiolated whole
plants or plants bearing only the cotyledons when grown
in a nitrate-free inorganic liquid medium, under aseptic
conditions.
“With the strains used, nodulation occurred on main and
lateral roots in soybean, but almost entirely on lateral roots
in black wax bean. The presence of nitrate in the medium
proved extremely depressing to the nodulation of etiolated
seedlings of both species. In light, the nodulation of soybean

showed a lag but no significant inhibition in the number
of nodulated plants, although the number of nodules per
nodulated plant was decreased. In soybean, there was also a
shift of nodulation to the lateral roots when inoculation was
made in five-day old seedlings, but not when inoculation was
made in the seed. Light-grown black wax beans behave in
the same manner as the etiolated plants with respect to nitrate
inhibition. The difference in the response to nitrate of lightgrown plants bearing only the cotyledons of the two species
is explicable on the basis of the difference in permanence of
the cotyledons in soybean and black wax bean.
“Addition of 2 per cent sucrose to the nitrate-free
or nitrate-containing media caused intense inhibition of
nodulation under all conditions tested.” Address: Domus
Plantarumm Gaspar Campos 841, Vicente López, FMGBM,
Argentina; Dep. of Botany, Univ. of California, Berkeley.
1271. Erdman, L.W.; Thornton, G.D. 1956. Soybean
inoculation studies in Florida (Abstract). Proceedings of
the Annual Convention of the Association of Southern
Agricultural Workers 53:61-62. *
1272. Hamner, Karl C.; Nanda, K.K. 1956. A relationship
between applications of indole-3-acetic acid and the high
intensity light reaction of photoperiodism. Botanical Gazette
118:13-18. *
• Summary: Discusses results with Biloxi soybean. Address:
1. USDA/ARS Ithaca, New York.
1273. Hoff, D.J. 1956. Soil and plant manganese studies
with soybeans. I. Chemical estimation of available soil
manganese. II. Methods and materials for correcting
manganese deficiency. PhD thesis, Ohio State University.
Abstracted in Dissertation Abstracts 16(8):1310-1311. Aug.
1956. *
Address: Wooster, Ohio.
1274. Klykov, A.P. 1956. [New forms of soyabean
from seeds which have imbibed water slowly]. Doklady
Vsesojuznoi Akademii Seljskohozjaistvennyk Nauk im. V.I.
Lenina 21(1):13-15. [5 ref. Rus]*
• Summary: The author reports that the varying germination
and growing rate of soybean seeds depends on the rate at
which individual seeds absorb water. A low absorption
of water (i.e. absorption which begins 4 to 10 hours after
submersion) produces a hardier seedling; this feature may be
useful in selecting soybean (or other leguminous) varieties
for growing in latitudes higher than usual.
According to Agricultural Information Resource
Centers: A World Directory (1990, entry #2751), the
Professor P.A. Kostycev Ryazan Agriculture Institute is
located on Lenin St., Ryazan, southeast of Moscow, in the
Russian S.F.S.R. This is apparently NOT the Rjazan located
in or near Latvia. Address: Kostycev Agricultural Inst.,
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Rjazan (Ryazan).

from different localities in China]. Acta Agricultura Sinica
7(1):167-80. *

1275. Kurnik, Erno. 1956. A napi megvilágitási idötartam
jelentösége a növények honosításában [The significance
of the photoperiod in plant acclimatization]. Kiserletugyi
Kozlemenyek (Records of the Hungarian Agricultural
Experiment Stations) 50(1):57-79. [21 ref. Hun; ger; eng]
• Summary: From a study of the change in the length of the
developmental phases in certain crops (including soybean,
sunflower, groundnut, beet, and flax) an almost constant
ratio was found, under the experimental conditions, between
the duration of the phases and the amount of light and
warmth available at different latitudes. Address: SouthEast Transdanubian Agricultural Exp. Inst., Iregszemese,
Hungary.
1276. Lona, F.; et al. 1956. Portamento rampicante-volubile
provocato, in alcune piante, dal trattamento con acido
gibberellico [Climbing-twining habit caused by treatment
with gibberellic acid in some plants]. Nuovo Giornale
Botanico Italiano 63(4):496-506. [Ita; eng]*
• Summary: Treatment of young soybean plants with a
very dilute aqueous solution of gibberellic acid sprayed on
the apex every 24 hours for 12 days, caused the stems to
elongate and adopt a climbing-twining habit. Address: Ist.
Bot., Univ. of Parma, Italy.
1277. Marth, Paul C.; Audia, William V.; Mitchell, John W.
1956. Effects of gibberellic acid on growth and development
of plants of various genera and species Botanical Gazette
118(2):106-11. [10 ref]
• Summary: “1. Growth responses of forty-nine kinds
of plants were studied when gibberellic acid, a naturally
occurring plant regulator, was applied to them in various
ways. The plants included representatives of various genera,
species, varieties, and hybrids of agronomic, forestry, or
horticultural interest. Gibberellic acid is a growth substance
produced by the fungus Gibberella fujikuroi (Saw.) Wr.
(conidial stage Fusarium moniliforme Sheld.), a pathogen of
rice. The chemical was applied in lanolin or as an aqueous
spray, dip, or soak...” Address: Crops Research Div.,
Agricultural Research Service, USDA, Beltsville, Maryland.
1278. Vidal, A.A. 1956. Características físicas y químicas
de los aceites en distintos períodos de madurez de semillas
de algunas especies vegetales [Physical and chemical
characteristics of the oil at different stages of seed ripening
in some plant species]. Revista de la Facultad de Agronomia,
La Plata 32(2):159-71. [19 ref. Spa; eng]*
• Summary: Seeds studied included soybeans, sesame, and
sunflower.
1279. Wang, C.L. [Wang, Jin-ling]; et al. 1956. [Study on
photoperiodic response of soybean varieties originating

1280. Warington, Katherine. 1956. Interaction between iron
and other micronutrient elements in flax, soyabeans and peas.
Rothamsted Experimental Station, Report (Harpenden, Great
Britain) 256 p. For 1955. See p. 70-71. *
1281. Zimmerman, L.J. 1956. Manganese and plant acidity
interaction in the growth of plants in water culture. PhD
thesis, Purdue University. Abstracted in Dissertation
Abstracts 16(6):1037-38 (1956). *
1282. Bhide, V.P. 1956. Cross inoculation studies with
some rhizobia of the cowpea group. Indian Phytopathology
9(2):198-201. [8 ref]
• Summary: Root nodule bacteria belong to various groups,
such as the cowpea group. “Soybean was also nodulated by
organisms from members of the cowpea group indicating
that cross-inoculation between the cowpea and soybean
groups is possible.”
In India, Phaseolus radiatus is called udid; sunn-hemp
is Crotolaria juncea. Address: Asst. Prof. of Microbiology,
College of Agriculture, Poona, India.
1283. Block, Richard Joseph; Weiss, Kathryn W. 1956.
Amino acid handbook: methods and results of protein
analysis. Springfield, Illinois: Charles C. Thomas. 386 p.
Illust. Index. 24 cm. [1303* ref]
• Summary: Page 163: Unheated soybean flakes were found
to be the poorest source of lysine for protein-depleted adult
rats fed a lysine-deficient diet.
Pages 296-97: A table shows the content of each of the
amino acids in soybean meal and many other animal feeds.
Pages 320-21: A table shows the content of each of the
amino acids in 12 different samples and brands of soybean
meal, including Staley Co., extractor process, expeller
process, and raw. The source of each analysis is given.
Pages 332-33 A table shows the content of each of
the amino acids in soybeans and 18 other seed allergens.
Address: 1. Ph.D., Boyce Thompson Inst. for Plant Research,
Inc., Yonkers, New York. and Dep. of Biochemistry, New
York Medical College, New York, NY.
1284. Brown, D.M.; Chapman, L.J. 1956. Climatic zones
for varietal adaptations in the region of the Great Lakes
(Abstract). Agronomy Abstracts 48:76.
• Summary: Discusses corn and soybeans. “The area
indicated has been divided into several regions, the
boundaries of which are defined in terms of; (1) Number
of days above an average temperature of 58ºF; (2) Average
date of the first fall (killing) frost; and (3) Mean July
temperatures.
“Maps of these termal [sic, thermal?] characteristics are
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included as they strongly influence the growth, development,
and maturity of full-season crops.
“The map of zones will aid in placing corn and soybean
varieties in the region to which they are best adapted and
should facilitate the interchange of information on regional
performance, particularly of new varieties.” Address: Ontario
Research Foundation [Toronto, Canada].
1285. Clark, Jasper A. 1956. An investigation of the drought
hardening of the soybean plant. PhD thesis, University
of Missouri. 100 p. Abstracted in Dissertation Abstracts
16(11):2009. Nov. [30+ ref]*
Address: Univ. of Missouri, Columbia.
1286. Garrett, S.D. 1956. Biology of root-infecting fungi.
London: Cambridge University Press. 293 p. Index. 22 cm.
[502* ref]
• Summary: This book is mostly about plant pathology. Only
one chapter (Chap. 5, p. 92-106), titled “Parasitic growth
habit: Mycorrhizal fungi” discusses mycorrhizal fungi. This
chapter gives a good review of the literature, but the soybean
is not mentioned. Mycorrhizal fungi are also discussed
briefly on pages 33, 37, and 131. Chapter 5 is divided into
two parts: Ectotrophic mycorrhizal fungi, and endotrophic
mycorrhizal fungi. The chapter begins by noting that ever
since the mycorrhizal association was first defined and
named by Frank (1885), the first intense interest generated
by this symbiotic association between fungi and the roots
of higher plants has been maintained. Historical accounts
of earlier work on mycorrhizal fungi have been written by
Rayner (1927) and Kelley (1950). Three excellent surveys by
Harley (1948, 1949, 1952) have covered the entire subject in
a critical evaluation of early as well as more recent findings.
The soybean is discussed on pages 120-23, and 129 (in
a review of 4-5 other publications) as a plant that can be use
for biological control of root diseases.
Note: Merriam-Webster’s Collegiate Dictionary
(1998) defines (1) endotrophic, a word first used in 1899,
“of a mycorrhiza: penetrating into the associated root and
ramifying between the cells;” (2) ectotrophic, a word first
used in 1889, “of a mycorrhiza: growing in a close web on
the surface of the associated root.” Address: Sc.D., Director,
Sub-Dep. of Mycology, Univ. of Cambridge. Past President,
British Mycological Society.
1287. Overseas Food Corporation, Annual Report and
Statement of Accounts. 1956. For the year ended 31 March
1955. 183 p.
• Summary: Soya beans are discussed throughout this report
from Tanganyika. At Urambo (p. 7-8) in 1953-54, 98 tons
of soya beans were produced. Acreages of soya planted at
Urambo by year were: 1951-52–2,561 acres; 1952-53–1,035
acres; 1953-54–602 acres; and 1954-55–341 acres. “In view
of the failure of this crop during the previous year it was only

planted for local consumption.”
At Nachingwea, located in the Southern Province of
Tanganyika, the main variety planted was Dixie, but one
farm grew Hernon 247. The average yield in 1953-54 was
430 lb/acre, but the highest yield was 658 lb/acre. Acreages
of soya planted at Nachingwea by year were: 1950-51–218
acres; 1951-52–468 acres; 1952-53–3,089 acres; 1953-54–
2,388 acres; and 1954-55–1,402 acres.
In the chapter on “Cropping,” pages 76-79 discuss
the following about soya beans: Introduction (“The results
obtained from this crop at Urambo and Nachingwea have
been somewhat disappointing”), soil preparations, time
of planting, method of planting, fertilizing, cultivation,
harvesting, pests and diseases.
The chapter on “Scientific and Experimental Work”
has a section on soya (p. 127-29) including agronomy, soil
fertility, and pests and diseases. In 1948 a wide variety of
soya bean varieties were tested at Kongwa and Urambo. In
1951 and 1951 the best yields were obtained from the variety
Malaya (1,637 lb/acre at Urambo). American varieties grew
6-8 inches high and yielded poorly; this was considered
to be a response to tropical day length which is short in
comparison with that of summer days in the regions of the
USA where soya is grown. Two Batavian varieties [from
Indonesia], however, grew 18 inches high and then flowered
all down the stem. Their yields were not very high (500-840
lb/acre), but were considered promising. Varieties introduced
from the Philippines, Rhodesia, and Nigeria showed more
promise, especially at Urambo.
Pages 179-83 give economic data on soya beans.
They are one of 2 crops that come nearest to complete
mechanization. But because of low yields, and difficulties
in cultivation and harvesting, they cannot yet be grown at a
profit. The report also discusses cultural practices of peanuts,
and other crops. Weed control, disease control, and yields
of peanuts are also discussed. Address: Dar-es-Salaam,
Tanganyika.
1288. Research and Specialist Services. 1956? Agronomy
section; Botany section. Northern Region of Nigeria
Department of Agriculture, Annual Report (Kaduna) Part 2.
100 p. For the year 1954-1955. See p. 8, 14-42. Undated. *
• Summary: The agronomy section (p. 8) states that at
Kontagora, June was the best month for planting soybeans.
The botany section (p. 14-42) states that at Yandev,
the soybean varieties Bilomi No. 3, Yellow Barmelly, and
Malayan have been outstanding over the 3 trial years. At
Kontagora, Yellow Barmelly was the top yielder.
1289. Hashimoto, Takeshi. 1957. Studies on the magnesium
metabolism of crops. I. The balance among magnesium,
calcium and potassium in free and bound forms at the
flowering stage of soy-bean plants. Soil and Plant Food
2(3):123-30. Jan. [23 ref]
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• Summary: “Seedlings of two varieties of soybean plants,
a native early season variety for the magnesium series and a
late season variety, Suzunari, for the calcium and potassium
series, cultured in the field, were transplanted in each culture
solution in which nitrogen, phosphorous, potassium, calcium
and magnesium were contained in various concentrations,
respectively, but sodium did not, as shown in Table 1.
The pH of the culture solutions was adjusted to 6.0 with
ammonium hydroxide.” Address: Hiroshima Agricultural
College, Hiroshima [Japan].
1290. Rogers, Bruce J. 1957. Translocation and fate of amino
triazole in plants. Weeds 5(1):5-11. Jan. [5 ref]
• Summary: Study with soybeans, Canada thistle, and
Johnson-grass. “Amino triazole (3-amino-l,2,4-triazole) is
a chemical which causes chlorosis in many plants (1). In
many cases chlorosis is followed by the death of the plant. It
is not known definitely whether the synthesis of chlorophyll
is inhibited or whether chlorophyll is destroyed. Generally,
only new growth, in which the pigment is being formed,
shows chlorosis. This suggests that chlorophyll synthesis
is affected.” Address: Dep. of Botany and Plant Pathology,
Purdue Univ., Lafayette, Indiana.
1291. Switzer, C.M. 1957. Effects of herbicides and related
chemicals on oxidation and phosphorylation by isolated
soybean mitochondria. Plant Physiology 32(1):42-44. Jan.
[11 ref]
• Summary: “Although the site of action of none of the
chemicals tested was pin-pointed, a general inhibition of
the respiratory enzymes of isolated soybean particles was
demonstrated. Of the chemicals that were studied, those
known to have growth regulating properties when applied to
intact plants were the more active respiratory inhibitors in
vitro.” Address: Dep. of Botany and Plant Pathology, Iowa
State College, Ames, Iowa.
1292. Yatazawa, M.; Yamazaki, Y. 1957. Absorption of
fission products by plants. 5. Absorption of gross fission
products. Soil and Plant Food 2(3):158-63. Jan. [16 ref]*
• Summary: Discusses the absorption of radioactive
waste from an atomic pile by eight crop plants, including
soybeans; there was considerable variation in the uptake.
The concentration of radioactive substances was highest in
the tops of the family Leguminosae. Address: Nagoya Univ.,
Japan.
1293. Allos, Hazim F. 1957. Influence of inorganic nitrogen
on the inhibition of symbiotic nitrogen fixation (Abstract).
Iowa State College J. of Science 31(3):350-51. Feb. 15.
• Summary: Abstract of his PhD thesis at Iowa State
College, 1956. Soybean was one of the plants studied.
Doctoral thesis number 1757, submitted January 10, 1956.
Chairman of Committee, W.V. Bartholomew, Department of

Agronomy. B.Sc., Cairo University, Egypt. M.S., Iowa State
College, Ames. Presently: Graduate Assistant, Agricultural
Experiment Station.
“Nitrogen absorption by a number of leguminous plants
from the air and from added fertilizer was measured when
varying quantities of fertilizer nitrogen were supplied to the
plants. The legumes were grown in gravel-nutrient solution
cultures equipped with a device for automatic irrigation.
Mineral nutrients, sufficient for the plant needs, were added
to the cultures at the beginning of the growth periods.
Nitrogen was added at varying rates at weekly intervals. The
legumes studied were sweet clover, alfalfa, Ladino clover,
birdsfoot trefoil, and soybeans...”
“Yield increases resulted in all legumes from increases
in the quantities of fertilizer nitrogen supplied to the
legumes. Moreover, with the single exception of birdsfoot
trefoil, the lowest rate of nitrogen addition resulted also
in increases in nitrogen fixed from the air over that fixed
where no nitrogen was supplied. The higher rates of nitrogen
addition, with the exception of the case of soybeans,
resulted in decreases in both the amount and proportion of
nitrogen fixed. With soybeans the amount of fixation was
highest at the highest level of nitrogen fertilization. Under
the conditions of the experiment, the symbiotic fixation
mechanisms did not furnish sufficient nitrogen for maximum
growth of the legumes. Added nitrogen tended both to
increase yields and to replace the fixation processes.
“Soybeans grew the most rapidly of the legumes
studied, absorbed the greatest quantity of nitrogen and as a
consequence fixed the most nitrogen in a 10-week growing
period...” Address: Dep. of Agronomy, Iowa State College.
1294. Frans, Robert E. 1957. Kinetics of herbicidal action
(Abstract). Iowa State College J. of Science 31(3):412-13.
Feb. 15.
• Summary: Abstract of his 1955 PhD thesis, Iowa State
College. Doctoral thesis number 1697, submitted July 12,
1955. Chairman of Committee, W.E. Loomis, Department
of Botany. B.Sc., University of Nebraska, Lincoln. M.S.,
Rutgers University, New Brunswick, New Jersey. Presently:
Associate, Agricultural Experiment Station.
General summary: Growth inhibition in relation to
molecular reactions in soybeans and yeasts.
“A considerable amount of work has been done on the
basic mechanisms of plant growth, and particularly on the
mechanism of action of applied and endogenous auxins.
Increased knowledge concerning such processes has aided in
determining commercial usages of synthetic auxins, notably
in the herbicidal field. There is little quantitative evidence
available, however, that can be used to interpret satisfactorily
the mechanism of growth inhibition in plants.
“This investigation represents an attempt to relate
inhibition to molecular reactions within the plant by means
of a kinetic analysis. It is proposed that an herbicide or
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growth substance (H) combines reversibly with some
mechanism or site (M) within the plant cell to form a
herbicide-mechanism complex (HM). This complex is then
thought to be transformed irreversibly into products which
ultimately give rise to growth inhibition.” Address: Dep. of
Botany, Ames, Iowa.
1295. Hoch, G.E.; Little, Henry N.; Burris, R.H. 1957.
Hydrogen evolution from soy-bean root nodules (Letter to
the editor). Nature (London) 179(4556):430-31. Feb. 23. [10
ref]
• Summary: “It is also interesting to note that the ability of
the nodules to evolve hydrogen was lost when hæmoglobin
disappeared and was replaced by the typical green pigment
in the nodules of field-grown soy-beans.” Address: Dep. of
Biochemistry, Univ. of Wisconsin, Madison 6, Wisconsin.
1296. Fisher, John E. 1957. The effect of gravity on
flowering of soybeans. Science 125(3244):396. March 1. [4
ref]
• Summary: Flambeau soybean plants were made to grow
downwards by placing lead weights around the stems.
Inverted plants flowered earlier and at lower nodes than the
control plants. Removing the suckers from inverted plants
stimulated the earliest flowering, 22% of which took place
about 15 days before it began in the control plants. The
results are considered to support a theory of auxin control
in flowering. Address: Botany and Plant Pathology Div.,
Science Serv. Bldg., Ottawa, ONT Canada.
1297. Cartter, J.L.; Bernard, R.L.; Chamberlain, D.W.;
Lawrence, Ruth E.; Younger, Carolyn J. comps. 1957.
Results of the Cooperative Uniform Soybean Tests, 1956:
Part I. North Central States. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 188. March.
134 p. Not for publication. https://www.ars.usda.gov/
arsuserfiles/50200500/nust/1956%20nust.PDF
• Summary: Near bottom of title page: “United States
Department of Agriculture. Agricultural Research Service.
Field Crops Research Branch, cooperating with State
Agricultural Experiment Stations.”
Contents: Introduction. Cooperation. Location of
cooperative nurseries. Methods. Uniform test, Group 0.
Uniform test, Group I. Uniform preliminary test, Group I.
Uniform test, Group II. Uniform preliminary test, Group II.
Uniform test, Group III. Uniform preliminary test, Group III.
Uniform test, Group IV. Uniform preliminary test, Group IV.
Effect of location on composition. Disease investigations.
Weather summary.
“Introduction: The U.S. Regional Soybean Laboratory
was organized in 1936 under the Bankhead Jones Act, as a
cooperative project by the U.S. Department of Agriculture
and the 12 Agricultural Experiment Stations of the North
Central Region. In 1942 the work of Soybean Laboratory

was expanded to include cooperation with 12 Agricultural
Experiment Stations of the Southern Region also. The
research program of the laboratory has been directed toward
the development of improved varieties and strains of
soybeans for industrial use, and the obtaining of fundamental
information necessary to the efficient breeding of strains to
meet specific needs.
“The Uniform Soybean Tests were initiated in 1938 on
a limited basis but the work was rapidly expanded until nine
tests groups were established to measure the yield and range
of adaptation of the better strains developed the laboratory’s
breeding program. The first five groups include strains of
proper maturity for the Central States. The other four groups
contain strains adapted to the Southern States. The summary
of performance of the first five groups is included in Part I
of this report. Information on the last four groups adapted to
the southern part of the United States is contained in Part II,
which is issued separately.
“The first Uniform Preliminary Test was grown in 1944
to gain regional information on a larger number of strains
that could be entered in the Uniform Tests. These tests at a
limited number of locations have been useful in the early
screening of experimental strains, thus improving the quality
of entries in the Uniform Tests. Four such Preliminary Tests
were grown in 1956, covering Maturity Groups I through IV.
“Uniform Test, Group 0, contains the strains that will
bloom and mature under the longer days encountered
during the summer in the Dakotas, Minnesota, and northern
Wisconsin. Group I contains strains generally adapted to
South Dakota, the southern parts of Minnesota, Wisconsin,
and Michigan, and the northern parts of Iowa and Ohio.
Groups II, III, and IV, respectively, include strains adapted
to locations farther south in the North Central States and
to other areas of similar latitude. In general, each group is
arranged to include strains differing in maturity by about ten
days. Maturity of the strains is expressed as so many days
earlier or later than some well-known check or reference
variety in the group.
“Daily rainfall and maximum and minimum temperature
graphs and a brief statement of growing conditions during
the 1956 season are included for most nursery locations as
an aid to interpretation of the agronomic and chemical data.
Illinois had a cool dry spring with abundant moisture over
the state during July and August, resulting in the highest state
average (28.5 bushels) ever experienced. Contrasted to this
was the drouth in the western part of the region. Severity of
the drouth at Ames, Iowa is illustrated by the mean yield and
plant height of the Group II strains. Mean yield was 16.2
bushels in 1956 contrasted to 27.8 in 1955, with plant heights
of 22 inches and 40 inches, respectively. Rains occurring in
the Ames area during the seed filling period resulted in good
seed quality though moisture came too late to affect yield
or plant growth.” Address: U.S. Regional Soybean Lab.,
Urbana, Illinois.
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1298. Clark, Francis E. 1957. Nodulation responses of
two near isogenic lines of the soybean. Canadian J. of
Microbiology 3(2):113-23. March. [12 ref]
• Summary: “Introduction: Rhizobia which associate
themselves with roots of leguminous plants and effect
symbiotic nitrogen fixation have been studied more
extensively than any other group of soil bacteria. That the
legume plant itself plays an active part in determining the
occurrence of symbiosis is well established. Much of the
information about characteristics of host plants that can be
linked to their nodulation responses concerns nutritional
or environmental factors that influence nitrogen fixation of
plants normally capable of forming nodules. For example,
either lack of an essential micronutrient or excess of nitrogen
in the substrate is known to inhibit nodulation. Finding the
specific factors in plants normally incapable of nodulation
that deter them from fixing nitrogen might well prove to
be an important step in extending symbiotic fixation to
additional species of plants.”
Note: This is the earliest document seen (Aug. 2019)
that contains the word “isogenic.” Isogenic lines usually
refers to two lines that have the exact same genetic makeup,
with one gene in difference. Address: Soil and Water
Conservation Research Branch, USDA Agricultural Research
Service, Beltsville, Maryland.
1299. Hartwig, Edgar E. 1957. Row width and rates of
planting in the southern states: No yield advantage for
narrow rows. Soybean Digest. March. p. 13-14, 16.
• Summary: “Rate of planting and row width studies have
been conducted in all of the major soybean producing areas
of the South. Results of most of these studies are in fairly
close agreement and indicate that the optimum rate within
the row is 10-12 viable seed per foot and that there is no
yield advantage for planting in rows narrower than 36 to 40
inches.
“Plantings of less than 10-12 seeds per foot of row will
frequently yield as well as thicker planting, but the seedling
growth is at a slower rate and more difficulty is encountered
in weed control. Planting at rates heavier than 10 to 12 seeds
per foot of row gives better early season weed control, but a
greater amount of lodging usually results.
“Thirty-six or 38-inch rows have an advantage over 40inch rows in that four rows can be handled with greater ease
with a 12-foot combine.
“In 1944, the three varieties Ogden, Volstate, and Woods
Yellow were grown at four rates in the row–2, 3, 6, and
12 plants per foot of row at two locations in eastern North
Carolina. For the varieties Ogden and Volstate, this would
mean planting rates of approximately 10, 15, 30, and 60
pounds per acre, and for Woods Yellow the planting rates
would have been approximately 13, 20, 40, and 80 pounds.
Row width was 40 inches. Plantings were made in early

May. All plantings were made at a heavy rate and thinned to
the desired spacing after emergence. Yields in these plantings
are reported in Table 1.
“In these plantings harvest loss from combining the two
and three plants per foot rate would have been greater than
from the two thicker rates, because pods were borne much
closer to the ground.
“In 1947, 1948, and 1949, a rate of planting study was
conducted on a Norfolk Sandy Loam soil at Rocky Mount,
North Carolina. The Roanoke variety was planted in early
May at the rates of 4, 6, 9, and 12 seeds per foot in 42-inch
rows. Seeds having a laboratory germination of 90 to 95%
were used. Seedling emergence ranged from 80 to 85% each
year. Planting rate had no influence on percentage emergence
in any year. A higher percentage of the plants survived to
maturity in the thinner plantings. Seed yields were low in
each of the first 2 years, and very good the third year. Yield
was not influenced by planting rate. The results for the 3
years are reported in Table 2.
“There was a greater amount of lodging in the planting
of 12 seeds per foot than where 9 seeds per foot were
planted. On the basis of these studies and observations
at other locations, a planting rate of 9 seeds per foot was
recommended for Roanoke in North Carolina.
“In order to study the interrelations of row width and
planting within the row, studies were made at Plymouth,
N.C., using four row widths, 24, 30, 36, and 42 inches, and
three rates within the row, 4, 6, and 12 plants per foot. All
plantings were made at a thicker rate and thinned to the
required spacing. Plantings were made in early May. Results
for the Ogden variety are reported in Table 3.
“These studies showed no advantage for planting in
rows closer than the conventional 36- to 42-inch rows.
Thicker plantings in the row had an advantage from the
standpoint of early weed control, regardless of row width.
Lodging increased appreciably as row width was reduced.
“The plant population of 12 plants per foot appeared to
be slightly excessive. A planting rate of 10-12 viable seeds
per foot in 36- to 42-inch rows was concluded to be near the
optimum for seed yield, early weed control, and a minimum
amount of lodging.
“H.M. Camper and Dr. T.J. Smith conducted studies
at Warsaw, Virginia, for the years 1952, 1953 and 1954 in
which they used 12, 24, and 36-inch rows and planted at the
rates of 3, 5, and 7 pecks per acre. Average planting dates
were May 10, May 24, June 8, June 23, and July 9. Narrow
rows had no yield advantage over the 36-inch row for the
Ogden variety in any of the first four planting dates. Narrow
rows gave higher yields than the 36-inch row in the July 9
plantings, but Ogden yielded appreciably less when planted
in narrow rows on July 9 than when planted in 36-inch rows
on June 26 or earlier. Seven pecks per acre reduced yield of
Ogden in the May and June plantings.
“In 1949, Ogden soybeans were planted in late May at
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Stoneville, Mississippi, in four row widths–24, 30, 36, and
42 inches–at the rate of 10 viable seeds per foot of row. The
mean yield for all plantings was 39.5 bushels per acre with
no difference for row width.
“In 1950, Dorman, Ogden, and Roanoke varieties were
planted in early May in 28, 32, 36, and 40-inch rows on a
sandy loam soil at Stoneville. All plantings were made at
the rate of 10 seeds per foot of row. In these plantings the
row middles in the 28-inch rows were shaded in 37 days as
compared with 44 days for the 36-inch row. This difference
might mean one less cultivation for the narrow rows. A
greater amount of lodging resulted from planting in the
narrow rows. Seed yields are reported in Table 4.
“Planting rates in 36-inch rows were tested at Stoneville
on a sandy loam soil for the years 1952, 1953, and 1954.
The three varieties Dorman, Ogden, and Lee were planted
at the rates of 6, 9, 12, 18, and 21 seeds per foot. Percentage
emergence was not influenced by planting rate in any of
these plantings. Seed yield was influenced very little by
planting rate. The mean yields for the three varieties in 1954
for the 6, 9, 12, 18, and 21 seeds per foot planting rates
were 36.9, 35.4, 37.5, 36.8, 38.5, and 35.8 bushels per acre.
The six-seed-per-foot planting required a longer time to
give complete ground shading. Lodging was considerably
greater in the 18 and 21 seeds per foot planting rates. For the
Dorman and Lee varieties, the approximate planting rates
would be 27, 40, 54, 80, and 94 pounds per acre, while for
Ogden the rates would be approximately 30, 45, 60, 90, and
105 pounds per acre. The 9-to-12-seeds-per-foot rates gave
excellent early growth with a minimum amount of lodging.
“In 1955, Dorman and Lee were planted at three
planting dates on a heavy clay soil at Stoneville, Miss. Three
planting rates–6, 12, and 18 seeds per foot–were used in 36inch rows. Percentage emergence was slightly higher for the
thinner planting rates. Seed yields for the May 10 and May
31 plantings are reported in Table 5.
“These plantings were made with an old style double
disk opener which did not place the seed uniformly at the
bottom of the furrow opening. As a result the percentage
emergence was somewhat lower than has been obtained from
the use of newer style double disk openers on the heavy clay
soils. Therefore, the apparent advantage for thicker planting
in late May or early June is not typical.
“During the years 1950, 1951, 1952, and 1953 plantings
of Ogden beans were made by Ralph Smith in west Florida at
the rates of 30 to 120 pounds per acre. These plantings were
made in 36-inch rows in early June. Results are reported in
Table 6.
“In 1952, Ogden soybeans were grown in six row widths
in West Florida. When each row received a comparable
amount of fertilizer and approximately one seed per inch
in the row, the yields for the different row widths were as
follows: 12-inch, 35.2 bushels; 18-inch, 31.9 bushels; 24inch, 32.3 bushels; 30-inch, 32.9 bushels; 36-inch, 34.2

bushels; and 42-inch, 30.6 bushels.
“Studies conducted by the Arkansas Agricultural
Experiment Station at Stuttgart in 1950 and 1951, at
Clarkedale in 1950, and at Marianna in 1951 showed a
distinct yield advantage for planting in narrow rows. Results
obtained for the Ogden variety are reported in Table 7. In
these studies the 10-inch and 20-inch rows were hand hoed
to control weeds and the 40-inch rows were cultivated.
“Plant growth in the Arkansas tests was less than was
produced in the other studies reported from other states.
The reduced plant growth probably explains the greater
differences in seed yield among the different row widths.
“Perhaps growers in the North Central area will wonder
why experimental plantings in their area show a yield
advantage for narrow rows while most results in the South
show no advantage for narrow rows. Much of the difference
can be explained by the fact that adapted Southern varieties
have much heavier foliage and will normally completely fill
the row middles in 36- to 40-inch rows (fig. 1). Crowding
these heavy foliage types into narrow rows results in
increased lodging.
“In this discussion, increased lodging from thick
plantings or narrow rows has been emphasized. Readers may
feel that the data presented does not show too much yield
reduction from the heavy planting rates. However, severe
lodging increases problems in maintaining proper combine
adjustment, particularly height of cutter bar and reel, and will
frequently result in greater harvesting losses.
“Growers frequently say that they like to plant extra
seed because they believe it will improve their chances of
obtaining a stand. Excess seed is no substitute for a good
seedbed. Two bushels per acre in a dry cloddy seedbed will
fail just as surely as 10 viable seeds per foot in 36- to 40inch rows. Rate of planting studies with different varieties
and strains of soybeans have shown little difference in the
optimum planting rate in the row. Soybean varieties do
differ, however, in the number of seeds in a bushel. A large
seeded variety having only 2,000 seeds per pound will
require 87 pounds of seed per acre to give the same planting
rate as will be obtained by planting 50 pounds of a variety
having 3,500 seeds per pound. The most positive method
of checking planting rate is to put seed in one hopper, drive
at regular planting speed on firm ground, and count seed
dropped in several 36-inch sections of row. With seed having
a germination of 90% or better, one seed per inch will
usually be an adequate amount of seed. Seed of any variety
will differ slightly in size from year to year. Therefore, it is
desirable to check planting rate every year ahead of planting
time.” Address: Research Agronomist, Mississippi Agric.
Exp. Station, Stoneville, MS, and coordinator of the U.S.
Regional Soybean Lab. research program.
1300. Hartwig, Edgar E.; Jamison, Kathryn W.; Edwards,
C.J., Jr. comps. 1957. Results of the Cooperative Uniform
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Soybean Tests, 1956: Part II. Southern States. RSLM (U.S.
Regional Soybean Laboratory Mimeograph, Urbana,
Illinois) No. 189. March. 146 p. Not for publication.
https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/56soybook.pdf
• Summary: Except for the cover, this document is
typewritten.
Near bottom of title page: “United States Department of
Agriculture. Agricultural Research Service. Crops Research
Division, cooperating with State Agricultural Experiment
Stations.”
Contents: Cooperating personnel. Introduction. Location
of nurseries. Methods. Uniform test, Group IV. Preliminary
Group IV. Uniform test, Group V. Preliminary Group V.
Uniform test, Group VI. Preliminary Group VI. Uniform
test, Group VII. Preliminary Group VII. Uniform test, Group
VIII.
“Introduction: The program of the U.S. Regional
Soybean Laboratory has been directed toward the
development of improved strains of soybeans and the
obtaining of fundamental information necessary to the
efficient breeding of strains to meet specific needs. In
the Southern Region, fundamental studies and breeding
programs are conducted at the two centers, Stoneville,
Mississippi, and Raleigh, North Carolina. After promising
new strains are developed at these breeding centers, they
are advanced to the uniform regional tests, conducted in
cooperation with the 12 southeastern states. This testing
program enables the breeder to evaluate new strains under a
wide variety of conditions, and permits new strains to be put
into production in a minimum amount of time.
“Nine uniform test groups have been established
to evaluate the better strains developed in the breeding
programs, The Groups 0 through IV are adapted in the
northern part of the United States, and the Groups IV
through VIII are grown in the southern part. Within their
area of adaptation, there is a maturity range of 12 to 18
days within each maturity group. The best standard variety
available of each maturity class is used as a check variety
with which to compare new strains as to seed yield, chemical
composition, maturity, height, lodging, and seed quality. For
the groups grown in the southern area, the check varieties
are Perry, Dorman, Ogden, Roanoke, and Improved Pelican.
At Stoneville, Mississippi, where all maturity classes will
mature, the approximate maturity dates of these varieties
when planted during the first half of May are: Perry,
September 6; Dorman, September 20; Ogden, October 10;
Roanoke, October 25; and Improved Pelican, November 8.
“The 1952 cooperative nurseries complete 10 years
of regional strain evaluation in the Southern States. Of the
43 strains included in Groups V through VIII, only three,
S-100, Ogden, and Acadian, were included in 1943. The
results of these tests have shown the advantages of the
improved varieties, and as a result, varieties such as Ogden

and Roanoke have replaced largely the older varieties such
as Arksoy, Ralsoy, Tokyo, Woods Yellow, and Palmetto.
However, the good characteristics of some of these strains
have been utilized in the breeding program. For example,
N47-3479, which has shown promise in Group VII, has
Palmetto as one of its parents. Although the variety CNS
was shown to have an oil content too low for satisfactory
commercial production, its resistance to bacterial pustule has
been incorporated into many of the new strains now in test.
“A wide range of soil and climatic conditions exist in
the region. As an aid in recognizing regional adaptation,
the region has been subdivided into five rather broad areas,
which still represent a wide range of soil types. These are:
(1) the East Coast, consisting of the Coastal Plain and
Tidewater areas of southern Delaware, the Eastern Shore of
Maryland, Virginia, North Carolina, and the upper half of
South Carolina; (2) the Southeast, consisting primarily of the
Coastal Plain soils of the Gulf Coast area, but also including
similar soils from South Carolina southward; (3) the Upper
and Central South, including the Piedmont and loessal
hill soils east of the Mississippi River; (4) the Delta area,
composed of the alluvial soils along the Mississippi River
from southern Missouri, southward, and (5) the Southwest,
comprising Arkansas and Louisiana, outside of the Delta,
and Oklahoma and Texas. In the Southwest area, most of
the potential soybean-growing areas are on the alluvial
river valley soils. A map is included to illustrate the five
production areas,
“On nearly all of the Coastal Plain, Piedmont, and
loessal soils fertilization is essential for satisfactory
soybean production. A table showing soil types and rate of
fertilization is included.
“As a further aid in interpreting varietal responses,
rainfall data is reported for many of the locations where
nurseries were grown. Since much of the summer rainfall
is from local showers, rainfall data is included only from
locations where records were taken reasonably close to the
nurseries. Daily minimum and maximum temperatures are
reported for the representative locations for the various
production areas.
“The 1952 season was characterized by an extreme
summer drouth [drought], especially in the Delta section, and
by an early killing frost. The effects of the frost were felt in
the Southwest, Delta, and upper East Coast plantings.
“In calculating variety means for seed yield, data from
tests with extremely low yields or where the coefficient of
variability exceed 25 per cent, are not included in the area
means.” Address: 1. Agronomist; 2. Clerk-Stenographer; 3.
Agricultural Aid [Stoneville, Mississippi].
1301. McLean, E.O. 1957. Plant growth and uptake of
nutrients as influenced by levels of nitrogen. Proceedings–
Soil Science Society of America 21(2):219-22. March/April.
[6 ref]
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• Summary: Soybeans were one of several crops studied.
“With individual crop species grown in cultures of variable
nitrogen levels, plants took up relatively more Ca and Mg
with higher nitrogen level. The contents of P, K and Na were
generally decreased with greater nitrogen content of the
medium. This suggests that increased root cation exchange
and its consequent Donnan effects had a regulating influence
upon the uptake of the nutrients by the individual crops.
Other factors affecting nutrient uptake are also discussed.”
Address: Assoc. Prof. of Agronomy, Dep. of Agronomy,
Ohio Agric. Exp. Station.
1302. Mumaw, C.R.; Weber, C.R. 1957. Competition and
natural selection in soybean varietal composites. Agronomy
Journal 49(3):154-60. March. [15 ref]
• Summary: “Composites of pure line varieties grown at
the same location showed marked varietal changes during 5
seasons. Varieties having taller height, later maturity, more
lodging and greater branching habit increased in proportion
suggesting a limitation in the bulk hybrid method of plant
breeding. Composites of unlike varieties exceeded the mean
yield of their pure lines by more than composites of similar
varieties. Seed number was more important than seed size in
the yield advantage of composites. Branching types yielded
more than non-branching types in composites.”
Several researchers (1, 4, 7) have suggested mixing or
blending crop varieties in order to stabilize and perhaps to
maximize yields. Address: Iowa Agric. Exp. Station, Ames.
1303. Hamilton, P.B.; Shug, A.L.; Wilson, P.W. 1957.
Spectrophotometric examination of hydrogenase and
nitrogenase in soybean nodules and Azotobacter.
Proceedings of the National Academy of Sciences, USA
43(4):297-304. April 15. [14 ref]
• Summary: “Summary: Sonic extracts of soybean nodules
have been exposed to various gases and the specctral changes
observed. In the presence of N2 hemoglobin is oxidized bin;
to hemiglobin; the opposite reaction is observed with H2.
The extracts slowly reduce added mammalian cytochrome
c and catalyze a slight deuterium-exchange reaction. In
addition to their significance for the question of whether
a hydrogenase exists in the nodule, these data support the
suggestion that hemoglobin may act as an oxido-reduction
catalyst in symbiotic nitrogen fixation.”
Note: Azotobacter is a genus of usually motile, oval
or spherical bacteria that form thick-walled cysts and
may produce large quantities of capsular slime. They are
aerobic, free-living soil microbes that play an important
role in the nitrogen cycle in nature, binding atmospheric
nitrogen, which is inaccessible to plants, and releasing it in
the form of ammonium ions into the soil (nitrogen fixation).
Address: Dep. of Bacteriology, Univ. of Wisconsin, Madison,
Wisconsin.

1304. Kamae, M. 1957. [Seasonal changes in pH of juice
in the organs of the soybean plant in relation to its growth]
(Abstract). Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 25(3):184. April. [Jap;
eng]
1305. Kamata, Etsuo. 1957. [Morphological and
physiological studies on nodule formation in soybeans.
I. Relation between nitrogen over supply and nodule
formation]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 25(3):145-46. April. [Jap;
eng]
• Summary: “This experiment has been carried out in order
to clarify the effects of nitrogen supply on soybean plants
to nodule formation. Particular attention is given to the
mechanism of inhibition on nodule formation by nitrogen
over supply.
“(1) The nodule formation was inhibited with an
accompanying increase of nitrogen supply and it indicated
on nodule numbers and nodule weight per plant during the
growing period.
“(2) Different nitrogen, levels in host tissues and culture
media have no effect to activity and the penetration of
Rhizobium japonicum (Table. I).
“(3) The nitrogen over supply induced higher
concentration of total nitrogen and lower concentration
of total sugar and reducing sugar in soybean root. The
author concludes that the reducing sugar levels of host
tissues control the nodule formation.” Address: Faculty of
Agriculture, Tokyo University.
1306. Raggio, Miguel; Raggio, Nora; Torrey, J.G. 1957.
The nodulation of isolated leguminous roots. American J. of
Botany 44(4):325-34. April. [16 ref]
• Summary: Experiments with excised roots of black
wax bean and soybean. “The process whereby bacteria
of the genus Rhizobium produce nodules on the roots of
leguminous plants involves a complex physiological system
which is poorly understood. One obvious way to simplify the
system is to study the nodulation of isolated roots.”
“Thus, with a technique which (a) prevents sucrose from
encouraging bacterial growth to the detriment of the root;
(b) circumvents the inhibition of nodulation by nitrate and
sucrose, and (c) provides a good substrate for adequate root
hair formation, the nodulation of isolated leguminous roots
can be readily achieved.” Address: Dep. of Botany, Univ. of
California, Berkeley 4, California.
1307. Shirasawa, Y. 1957. [Studies on the flowering
and fruiting of pulse crop plants. IV. Effects on yield of
variation of principal components in soybean plants under
the control of light (Abstract). Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
25(3):180. April. [1 ref. Jap; eng]*
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1308. Sun, C.N. 1957. Zonation and organization of root
apical meristem of Glycine max. Bulletin of the Torrey
Botanical Club 84(2):69-78. March/April. [19 ref]
• Summary: Summary:...
“2. The primary root tip of soybean consists of three
regions: the promeristem, the primary meristems, and the
primary permanent tissues.
“3. In the root apices of embryos and seedlings, the
promeristem consists of two histogens: the plerome and
the common initials. The procambium is derived from
the plerome (stelar initials) while the ground meristem,
protoderme, and the columella of the root cap are derived
from a group of common initials.
“4. The root cap consists of two parts: the columella and
the peripheral portion. The columella is directly derived from
the common initials whereas the peripheral part of the root
cap is derived from protoderm.
“5. The procambium gives rise to the primary xylem,
primary phloem, cambium, and pericycle. The ground
meristem gives rise to the endodermis and cortical
paranchyma. The epidermis is derived from protoderm.
“6. The root apices of the mature seeds are more massive
than those of seedling primary roots of various ages studied.”
Address: Ohio State Univ., Columbus, Ohio. Presently: St.
Louis Univ., St. Louis, Missouri.
1309. Tang, Pei-sung; Chow, P.C.; Yu, F.H. 1957. Formation
of aspartic acid from ammonium fumarate with a crude
aspartase preparation from etiolated soybean seedlings.
Science Record 1(2):39-44. April. New Series. [18 ref. Eng]
• Summary: “Since this same crude aspartase preparation
also catalyzes to some extent the amination of pyruvate
to alanine, malate to aspartate, and in presence of DPN,
aminates alpha-ketoglutarate to glutamate, aspartase is
evidently not the only enzyme present in this preparation.
The appearance of glutamate along with aspartate in the
enzyme-ammonium fumarate solution further points to the
heterogeneous nature of the preparation. Transaminase and
even enzymes of the Krebs cycle may be present in this
‘aspartase’ preparation. In fact glutamate was obtained by the
use of the same enzyme preparation plus aspartate through
trans-amination.” Address: Peking Inst. of Plant Physiology
and Dep. of Biology, Peking Univ.
1310. Nelson, C.D.; Gorham, P.R. 1957. Uptake and
translocation of C14-labelled sugars applied to primary leaves
of soybean seedlings. Canadian J. of Botany 35(3):339-47.
May. [11 ref]
• Summary: “Introduction: Isotope tracer technique has been
of value in studying the translocation of organic assimilates
in plants. Evidence has come mainly from those experiments
in which the translocated material was labelled by means of
photosynthesis.”

“Abstract: A method involving the use of a detergent
and boron has been developed for the introduction of
C14-labelled sugars into leaves. This method was used for
translocation studies.
“In the light, translocation of sucrose-C14 or
glucose-C14 out of the treated leaf was very slow. Only 1%
of the C14 from sucrose was translocated after 14 hours.
In the dark, 10% of the C14 from glucose was translocated
to all parts of the seedling in 3 hours. The bulk of the
translocated C14 accumulated in the stem between the
treated leaf and the root. The actively growing stem tip
accumulated very little C14 in either light or dark.
“In light or dark, C14 from a primary leaf that had
been allowed 15 minute photosynthesis in C14O2 spread
throughout the entire plant in 3 hours. In light, more C14
from photosynthate accumulated in the growing stem tip than
in the root. This situation was reversed in the dark.” Address:
Div. of Applied Biology, National Research Laboratories,
Ottawa [Ontario], Canada.
1311. Wallace, Arthur. 1957. Influence of soil temperature on
cation uptake in barley and soybeans. Soil Science 83(5):40711. May. [16 ref]
• Summary: “Plant-nutrient uptake studies with barley and
soybeans were made at soil temperatures of 12º, 22º, and
32ºC. K, Ca, and Mg uptake were differentially stimulated
and depressed by varying soil temperature. With increasing
temperature, the K content of barley increased and then
decreased and the K content of soybeans increased.”
Address: Univ. of California, Los Angeles.
1312. Sun, C.N. 1957. Histogenesis of the leaf and structure
of the shoot apex in Glycine max (L.) Merrill. Bulletin of the
Torrey Botanical Club 84(3):163-174. May/June. [31 ref]
• Summary: “Summary: 1. The shoot apex of Glycine max
is a low dome of meristematic cells varying from 80 μ to
120 μ in diameter. Four zones may be delimited: the tunica,
the central initiation zone, the peripheral zone, and the rib
meristem zone. The tunica consists of two layers of cells.
“2. The leaf primordium is first indicated by perielinal
divisions in the outer corpus layers. When the leaf
primordium has reached a height of about 80 μ to 90 μ the
next leaf is initiated.
“3. Stipules are initiated at both sides of the base of the
leaf primordium when it is about 60 μ to 80 μ high. They
arise from the inner tunica layer; the outer corpus contributes
slightly to the base of the stipule.
“4. When the leaf primordium is 140 μ to 200 μ in
height the opposite lateral leaflets begin to form at the
adaxial margins of the primordium...” Address: St. Louis
Univ., St. Louis, Missouri.
1313. Hanks, R.J.; Thorp, F.C. 1957. Seedling emergence
of wheat, grain sorghum, and soybeans as influenced by
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soil crust strength and moisture content. Proceedings–Soil
Science Society of America 21(4):357-59. July/Aug. [7 ref]
• Summary: “A technique was devised for studying plant
seedling emergence through soil crusts where soil crust
strength, soil moisture content, and soil type could be varied
independently. Wheat, grain sorghum, and soybeans were
studied with crust strengths from O to 1,400 millibars (as
measured by the modulus of rupture) and soil moisture
content from field capacity to ¼ available (¼ of the available
water remaining in the soil). Preliminary tests were made
to determine the reliability of the modulus of rupture
as a measure of crust strength with respect to seedling
emergence.”
Soybeans were planted 2 inches apart to keep the
seedlings from entangling.
Fig. 4 (four graphs) shows the “Influence of crust
strength and soil moisture content on soybean seedling
emergence.” The four soil types are “fine sandy loam,” “silt
loam,” “silty clay loam,” and “combined.” Address: Kansas
Agric. Exp. Station, Manhattan, Kansas.
1314. Kahn, J.S.; Hanson, J.B. 1957. The effect of calcium
on potassium accumulation in corn and soybean roots. Plant
Physiology 32(4):312-16. July. [16 ref]
• Summary: “For both kinds of roots, Ca increases the
affinity between the K ion and the postulated carrier; in a
second reaction, independent of the first, Ca decreases the
velocity of the metabolic phase of K uptake. The first effect
of Ca is proportionally greater in corn, while the second
is proportionally greater in soybeans. The net result of the
two effects is to reduce maximum K accumulation in the
presence of Ca more in soybeans than in corn.” Address:
Dep. of Agronomy, Univ. of Illinois, Urbana, Illinois.
1315. Richardson, Keith E.; Axelrod, Bernard; 1957.
Changes in inositol content during germination and growth
in some higher plants. Plant Physiology 32(4):334-37. July.
[14 ref]
• Summary: “1. Six different species of plants (cabbage,
corn, mung bean, pea, soybean and wheat) all showed
an initial decrease in their total inositol content on being
germinated and grown in the light. A similar decrease was
observed with etiolated peas and mung beans.
“2. The decrease did not appear to be due to loss of
inositol by diffusion out of the roots.” Address: Dep. of
Biochemistry, Purdue Univ., West Lafayette, Indiana.
1316. Sasaki, Tatsuji. 1957. Daizu kon no soshiki baiyô ni
kansuru kenkyû. I. Baiyô jôken ni tsuite [Studies on the
tissue culture of soybean roots. I. The culture conditions
(Abstract)]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 25(4):238. July. [Jap]
Address: Tohoku Univ., Dep. of Agriculture.

1317. Switzer, Clayton M.; Smith, F.G. 1957. Factors
affecting oxidation and phosphorylation by soybean
mitochondria. Canadian J. of Botany 35(4):515-25. July. [25
ref]
• Summary: “Introduction: In recent years evidence has
accumulated that the enzymes involved in aerobic plant
respiration and phosphorylation are located in discrete
cytoplasmic particles called mitochondria.”
“Abstract: Active particles, presumed to be
mitochondria, have been isolated by differential
centrifugation from the hypocotyls of etiolated soybean
seedlings. These particles were capable of oxidizing all
Krebs cycle intermediates tested, although fumarate and
oxaloacetate were oxidized relatively slowly. Oxygen uptake
in the presence of succinate, pyruvate, or ketoglutarate was
increased two to four times by the addition of ATP, MgSO4,
and cytochrome c. Maximum activity was obtained when
both sucrose and phosphate were added to the grinding
and suspending media, and when the reaction mixture was
buffered near pH 7.0. Endogenous oxidation was reduced
50% by one washing and at the same time the oxidation
of exogenous substrate was increased two to three times.
Average P:O ratios of 0.4, 0.8, and 0.9 were obtained without
added hexokinase or fluoride for succinate, pyruvate, and
ketoglutarate, respectively. These ratios were increased to
0.8, 1.2, and 1.5 by the addition of hexokinase. In all cases,
10-2 M NaF decreased oxygen uptake 30 to 40% without
affecting P:O ratios. Isolated soybean particles appear to
be similar in most respects to particles from other plants.
Certain differences were found and are discussed.” Address:
Dep. of Botany and Plant Pathology, Iowa State College,
Ames, Iowa. F.G. Smith is now at Dep. of Botany, Ontario
Agricultural College, Guelph, Ontario [Canada].
1318. Takeshima, H. 1957. [Studies on the flowering in
soybeans. II. Effects of day-length and temperatures upon
flowering in soybeans (Abstract). Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
25(4):243. July. [Jap; eng]*
1319. Toriyama, Kunio; Toyokawa, Ryoichi. 1957. [A
study of the low-temperature injury in soybean]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 25(4):197-98. July. [Jap; eng]
• Summary: Low-temperature treatment (at 17ºC and 20ºC)
when soybeans were flowering resulted in very few flowers,
the presence of cleistogamous flowers, an increase in the
number of sterile seeds and one-seeded pods, and a reduction
in seed weight. Address: Aomori Agric. Exp. Station,
Fujisaka Farm.
1320. Toriyama, K.; Toyokawa, R. 1957. A study of the lowtemperature injury in soybean. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
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25(4):197-98. July. [Jap; eng]*
1321. Ueki, K.; Ikawa, M. 1957. [The influence of high
night temperature on the growth and fruiting in soy bean
(Abstract). Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 25(4):242-43. July. [Jap;
eng]*
1322. Van Duyne, Frances O.; Charles, V.R.; Batcher, O.M.;
Hivon, K.J. 1957. Palatability and ascorbic acid and sugar
contents of six varieties of vegetable-type soybeans. Soybean
Digest. July. p. 18-20.
• Summary: “Six varieties of freshly cooked green
vegetable-type soybeans received total palatability ratings
corresponding to good and the cooked stored frozen beans
were only slightly less palatable. However, the cooked
stored canned soybeans received ratings below fair for color,
texture, and flavor.
“Freezing and freezer storage had little effect on the
ascorbic acid and reducing and total sugar contents though
approximately 15% of the ascorbic acid content was lost
during blanching and cooling. After canning and storage, the
drained beans retained only from 14% to 21% of the amounts
of ascorbic acid found in the freshly harvested beans and less
than half of the original total sugar contents.” Address: Dep.
of Home Economics, Univ. of Illinois.
1323. Yamasaki, T.; Hayami, K.; Shimada, N.; Kamishikiryo,
S. 1957. [Molybdenum as an essential element for crops.
1. Some responses of molybdenum application on growth
and yield of radish soybean, rice plant and Komatsuna].
Nippon Dojo Hiryogaku Zasshi (J. of the Science of Soil and
Manure) 28(4):125-31. July. [Jap]*
• Summary: Abstract in English in Soil & Plant Food
3(4):200. March 1958. DNAL 56.8 So38.
1324. Murayama, N.; Kawarazaki, Y.; Yoshino, M. 1957.
[Studies on phosphorus nutrition of the soybean plant. 1.
Effect of supplying period of phosphorus nutrient on growth
and yield of the plant]. Nippon Dojo Hiryogaku Zasshi. (J. of
the Science of Soil and Manure) 28(5):191-193. Aug. [Jap]*
• Summary: Abstract in English in Soil & Plant Food
3(4):204. March, 1958. DNAL 56.8 So38.
1325. Weber, Charles R.; Staniforth, David W. 1957.
Competitive relationships in variable weed and soybean
stands. Agronomy Journal 49(8):440-44. Aug. [8 ref]
• Summary: Yield reductions were most severe when weeds
were left in the crop until bean flowering ceased, or longer,
but were less severe when there was a moisture deficit during
the growing season. Weeds had little effect on the time of
maturity, height, lodging, or seed size of the crop. Address:
Iowa Agric. Exp. Station, Ames.

1326. Young, Roger H.; Shannon, Leland M. 1957. Some
biochemical changes in soybean leaves (Glycine max)
occurring prior to the onset of visible iron deficiency
symptoms (Abstract). Plant Physiology 32(Suppl.):xxii-xxiii.
Aug.
• Summary: “Recent work by lljin and others has established
significant metabolic changes in organic acids, nitrogen
fractions, and iron present in lime-induced iron-deficient
tissues in contrast to normal green tissue. The suggestion
has been made by several investigators that one or more
or these metabolic changes may occur prior to the onset
of visual chlorosis symptoms. This paper presents data
describing metabolic changes occurring prior to the onset of
iron deficiency symptoms. Quantitative changes in organic
acids, nitrogenous constituents, and iron will be discussed in
relation to the development of iron deficiency symptoms.”
Address: University of California at Los Angeles, Los
Angeles 24, California.
1327. Banerjee, Somir. 1957. Catalase activity in soybeans
grown at various concentrations of iron. J. of the Indian
Society of Soil Science 5(3):169-72. Sept. [5 ref]
• Summary: “It is known that iron functions in certain
enzyme systems of plants, notably in the oxidase system. In
catalase, iron as porphyrin forms the prosthetic group of the
enzyme. Therefore, if the quantity of iron available to the
plant becomes limiting, the extent of the deficiency will be
evident in the decreased activity of the enzyme.” Address:
Univ. of Wisconsin, Madison, Wisconsin.
1328. Blaney, L.T.; Hamner, K.C. 1957. Interrelations among
effects of temperature, photoperiod, and dark period on floral
initiation of Biloxi soybean. Botanical Gazette 119(1):10-24.
Sept. [10 ref]
• Summary: Experiments with the Biloxi soybean showed
that the length of photoperiod as well as the length of dark
period influenced the degree of floral initiation. Maximum
flowering occurred during of cycles of light and darkness
either 24 or 48-52 hours long, showing that floral initiation
in this variety is influenced by an endogenous rhythm of 24
hours duration. Cool temperatures during part of the cycle
had a marked effect on the response of the plants, making the
length of the rhythmic cycle other than 24 hours. Address:
Dep. of Botany, Univ. of California, Los Angeles 24,
California. Blaney’s present address: Dep. of Horticulture,
Oregon State College, Corvallis, Oregon.
1329. Fukui, Juro; Ojima, Matsuo. 1957. [Influence of soil
moisture content on the growth and yield of soybean. V.
Changes of carbohydrate and nitrogen in soybean plant as
affected by deficient or excessive soil moisture contents at
various growing periods]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 26(1):4042. Sept. [Jap; eng]
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• Summary: “Summary: The object of this study was to trace
the changes of carbohydrates and nitrogen in soybean plants
grown under deficient or excessive soil moisture conditions
during the early vegetative, flowering and ripening periods,
respectively. During the other periods, the soil moisture for
the experimental plants were maintained at the same level
with those for the control plants.
“The results obtained are summarized as follows;
“(1) The total sugar content in the leaves and the
stems increased in the plants under deficient soil moisture
conditions, while the starch content increased abnormally
in the plants under excessive soil moisture conditions. The
nitrogen content in each organ decreased in all the treated
plants.
“(2) Absorption of nitrogen was inhibited both by
deficient and by excessive soil moisture conditions, and
the degree of inhibition was greater in the series treated
during the flowering period than in that treated during
earlier periods. Accumulation of carbohydrates in plants was
reduced by deficient soil moisture conditions but remarkably
higher amount of carbohydrates accumulated in the plants
under excessive soil moisture conditions. The degrees of
inhibition or of accumulation were also higher in the series
treated during the flowering period than in those treated at
the other periods.
“(3) In the plants under deficient soil moisture
conditions during each period and under excessive ones
during the earlier period (plant about 20 days after the
flowering time), the amounts of total sugar and starch in
leaves and stems were smaller than those in the control
plants. And, the amounts of those matters translocated from
the leaves and the stems to the pods were also reduced in
the treated series. On the contrary, in the plants grown under
excessive soil moisture conditions during the flowering or
ripening periods, the most part of carbohydrates in the pods
appeared to have been translocated from the leaves and the
stems. However, the accumulation of nitrogen in vegetative
organs and the amount of nitrogen translocated to sexual
organs reduced in every treated series. In the treated plants,
in general, large parts of carbohydrates and nitrogen in the
pods depended on assimilation and absorption after the
flowering period.
“(4) In the plants under deficient or excessive soil
moisture conditions during the earlier periods, vegetative
growth was retarded and consequently the number of
flowers was very few; but the percentages of flower- and
pod-shedding were only little different compared with those
in the control plants. In the plants treated with deficient or
excessive soil moisture conditions during the flowering
period, the number of flowers produced was almost the same
as that in the control plants, but the shedding percentage
of the former was much higher.” Address: Kanto-tosan
Agricultural Exp. Station, Ministry of Agriculture and
Forestry).

1330. Kamata, Etsuo. 1957. [Morphological and
physiological studies on nodule formation in soybeans. II.
Relations between the foliar application of carbohydrates
and nodule formation]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 26(1):5860. Sept. [Jap; eng]
• Summary: “In the previous paper, the author was led to
conclude that the nodule formation in soybean plants was
controlled by the level of the reducing sugar content in
the host tissues by the results that a high nitrogen level in
tissues or in soils on which the plants grew, had no effect on
the penetration of Rhizobium japonicum into the roots and
that the more the roots contained nitrogen, the less they had
sugars in their tissues.
“New experiments were carried out in order to prove the
conclusion above mentioned by controlling artificially the
sugar level of host tissues, the nitrogen content of which was
very high, with foliar application of carbohydrates. Supplies
of D-Glucose, D-Fructose, D-Xylose and sucrose promoted
the formation of nodules on the plants even when they were
grown under rich nitrogen conditions (Table 1), or also when
grown by sand culture deficient in nitrogen, the plants being
actually rich in the element even in the latter case (Fig. 1).
“Of course, these sugars enough for giving such effects
are usually contained in soybeans by nature.” Address:
Faculty of Agriculture, Tokyo University.
1331. Kato, Ichiro; Taniguchi, R.; Kawahara, M.; Naito,
Yasuo. 1957. [On the study of soil heaping at the lower part
of stem of soybean. III. On the exudation of soybean plant
and the influence of adventitious roots developed by soil
heaping upon exudation]. Okitsu. Tokai-Kinki Natl. Agr.
Expt. Sta. Div. Plant Breeding & Cult. B. No. 5. p. 118-28.
Sept. [Jap; eng]*
Address: Tokai-Kinki National Agricultural Experiment
Station [Japan].
1332. Kato, Ichiro; Kawahara, M.; Naito, Yasuo; Taniguchi,
R. 1957. [On the study of soil heaping at the lower part of
stem of soybean. II. On the rooting of adventitious roots and
varietal difference]. Okitsu. Bulletin of the Division of Plant
and Cultivation, Tokai-Kinki National Agric. Expt. Station
No. 4. p. 69-73. Sept. [Jap; eng]
• Summary: “1. Soybean plants had such a predisposition
that lower part of the stem properly covered by soil shooted
adventitious roots. Relation between the time of soil-heaping
and the shooting and development of adventitious roots
were tested in 1953. Varietal difference of the shooting of
adventitious root was also tested in 1954.
“2. Shooting of adventitious roots from the stem heaped
by soil were many in those plants which were covered by
soil 28 days after sowing while few in those plants which
were heaped by soil 36 days after sowing.
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“3. Observing adventitious roots on those plants in plot
D which was heaped earliest and was most in number of
adventitious roots, we could recognize that the shooting of
adventitious roots began from about 7 days and lasted during
about one month after soil-heaping. Those adventitious roots
elongated during the time from 15 days to 40 days after soilheaping.
“4. The raw weight of newly shooted adventitious root
reached about 20% of the weight of old roots which had
rooted before soil-heaping.
“5. Speaking generally on the varietal difference,
adventitious roots were many on later ripening varieties
while few on earlier ripening varieties. The variety which
rooted the most had 80 adventitious roots while the least
variety had 11 adventitious roots.
“6. It was not clear what relation exists between such
varietal difference and plant character. However genetic
constitution were presumably concerned with varietal
difference, because varieties derived from same parents had
similar number in adventitious roots.” Address: Tokai-Kinki
National Agricultural Experiment Station [Japan].
1333. Murayama, N.; Kawarazaki, Y.; Yoshino, M. 1957.
[Studies on phosphorus nutrition of the soybean plant. 2.
Productive efficiency of phosphorus nutrient for the plant].
Nippon Dojo Hiryogaku Zasshi (J. of the Science of Soil and
Manure) 28(6):247-49. Sept. [Jap]*
• Summary: Abstract in English in Soil & Plant Food
3(4):204. March 1958. DNAL 56.8 So38.
1334. Nelson, C.D.; Gorham, P.R. 1957. Translocation
of radioactive sugars in the stems of soybean seedlings.
Canadian J. of Botany 35(5):703-13. Sept. [14 ref]
• Summary: “Introduction: The study of translocation
is hampered by the inability to introduce compounds
directly into the conductive tissue of the intact plant. Foliar
application as a method of introducing C14-labelled sugars
(4, 9) or growth regulators (2) has the inherent difficulty
that translocation in the conductive tissue is obscured by the
complications of penetration into and metabolic conversion
by the surrounding leaf tissue. The method of studying the
translocation of C14 from labelled photosynthate (1, 12)
is no better since translocation is complicated by the rate
of formation of adequate amounts of photosynthate and
its movement to the conductive tissue. A simple method
for introducing labelled compounds into the plant is to
expose the vascular system by cutting off a leaf blade
and to administer such compounds through the resulting
petiole stump. This method is subject to the criticism that
translocation may be different in a wounded and a normal
plant but it was adopted for the reasons outlined above.”
“Abstract: Glucose-C14, fructose-C14, or sucrose-C14
were introduced into soybean seedlings through the cut
petiole of one primary leaf. After 3 to 15 minutes the

distribution of C14 throughout the plants was determined.
Each of the three sugars was translocated as such without
conversion to other compounds. Translocation was mainly
downward from the point of introduction into the stem. Very
little sugar was translocated to the primary leaf opposite
the treated petiole or to the growing tip of the stem. Of the
small amount of sugar that was translocated upward the bulk
accumulated in the younger rather than the older trifoliate
leaf.
“When glucose-C14 or fructose-C14 were used the
radioactivity in the stem decreased logarithmically from the
point of introduction. The downward translocation of both
sugars was impeded at the nodes. Translocation was not
inhibited by 10-2 M potassium cyanide. These hexoses were
translocated both upward and downward past killed sections
of stems. When sucrose-C14 was used the radioactivity in
the stem decreased linearly from the point of introduction.
Translocation of sucrose was not impeded at the nodes and
was inhibited by 10-2 M potassium cyanide. Sucrose was not
translocated either upward or downward past killed sections
of stems.
“The minimum rate of translocation of both glucose and
sucrose was the same. The rate was about 300 cm. per hour
in the youngest seedlings and decreased with age to about
100 cm. per hour in the oldest seedlings.” Address: Div. of
Applied Biology, National Research Laboratories, Ottawa
[Ontario], Canada.
1335. Nelson, C.D.; Gorham, Paul R. 1957. Translocation
of radioactive sugars in the stems of soybean seedlings.
Canadian J. of Botany 35(5):703-13.
• Summary: “Glucose-C14, fructose-C14, or sucrose-C14 were
introduced into soybean seedlings through the cut petiole of
one primary leaf. After 3 to 15 minutes the distribution of
C14 throughout the plants was determined. Each of the three
sugars was translocated as such without conversion to other
compounds...”
“The minimum rate of translocation of both glucose
and sucrose was the same. The rate was about 300 cm. per
hour in the youngest seedlings and decreased with age to
about 100 cm. per hour in the oldest seedlings.” Address:
Div. of Applied Biology, National Research Council, Ottawa,
Canada.
1336. Warington, Katherine. 1957. The influence of the pH
of the nutrient solution and the form of iron supply on the
counteraction of iron deficiency in peas, soybean and flax by
high concentrations of molybdenum. by high concentrations
of molybdenum. Annals of Applied Biology 45(3):428-47.
Sept. [15 ref]
• Summary: “High concentrations of ammonium or sodium
molybdate slightly delay the precipitation of iron from
ferric citrate in a complete nutrient solution of pH 4.6 left
standing without any plant in it, but not if the solution is
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adjusted to pH 6.6 (Warington, 1956). Nutrient solutions
containing nitrogen as nitrate become more alkaline when
in contact with roots and availability of iron is reduced by
precipitation, so any factor prolonging acid conditions or
delaying precipitation should be beneficial to iron-deficient
plants. The apparent ability of molybdenum to act in this
way may explain its power to counteract chlorosis.” Address:
Rothamsted Exp. Station, Harpenden, Herts. [Hertfordshire,
England].
1337. Collins, F.I.; Howell, Robert W. 1957. Variability of
linolenic and linoleic acids in soybean oil. J. of the American
Oil Chemists’ Society 34(10):491-93. Oct. [15 ref]
• Summary: Soybean oil from all locations and varieties
have been analyzed for linolenic and linoleic acid by an
improved spectrometric method. Address: Field Crops
Research Branch, USDA Regional Soybean Lab., Urbana,
Illinois.
1338. Nakamoto, M.; Yasuda, N. 1957. [On the pollen
germination in soybean plant]. Scientific Report of the
Faculty of Liberal Arts & Education, Gifu University
2(1):63-67. Oct. [Jap]*
1339. Rodriguez, J.G.; Chen, H.G.; Smith, W.T., Jr. 1957.
Effects of soil insecticides on beans, soybeans, and cotton
and resulting effect on mite nutrition (Open Access). J. of
Economic Entomology 50(5):587-93. Oct. [24 ref]
• Summary: “The field of soil insecticides is growing,
and with its growth come problems with many facets and
implications. Some general considerations that arise from
their use are: (1) absorption and translocation in the plant, (2)
persistence in the soil, (3) effect on specific plants or plant
parts, (4) effect on soil microorganisms and (5) effect on
composition of plants. It is entirely possible that any or all
of the factors mentioned above may have some relationship
or influence on the study presented here.” Address: Univ. of
Kentucky, Lexington.
1340. Sironval, C.; Bonnier, Ch.; Verlinden, J-P. 1957.
Action of day-length on nodule formation and chlorophyll
content in soybean. Physiologia Plantarum 10(4):697-707.
Oct. [10 ref]
• Summary: Nodules were heavier, more numerous, and
more effective when grown in long days than in short days.
Address: Laboratoire de physiologie végétale et Centre
des Hormones végétakes (IRSIA), Univ. de Liège, Liège;
Instiutut agronomique de l’Etat, Gembloux. Both: Belgium.
1341. Weber, Charles R. 1957. Selection for yield in bulk
hybrid soybean populations with different plant spacings.
Agronomy Journal 49(10):547-48. Oct. [2 ref]
• Summary: “Synopsis: Selection of single plants superior
for yield and constant maturity was practiced in drilled

4- and 8-inch plant spacings from 6 bulk hybrid soybean
populations. The progenies of these selections evaluated
in replicated drilled plantings showed no yield, height
nor lodging differences among spacings within crosses.
Phenotypic selection in drilled plantings resulted in slightly
later maturity in final evaluations than did selection in wider
plant spacings.
“Seed yields of individual soybean plants vary widely
according to the spacing in the row.” Address: Iowa Agric.
Exp. Station, Ames, Iowa; and U.S. Regional Soybean Lab.,
Peoria, Illinois.
1342. Worsham, A.D.; Giddens, J. 1957. Some effects of
2,2-dichloropropionic acid on soil microorganisms. Weeds
5(4):316-20. Oct. [7 ref]
• Summary: Toxicity and nodulation of soybeans. “It is
concluded that there is no harmful effect of recommended
applications of dalapon on soil microorganisms, especially
under climatic conditions that allow the microfiora to break
down the compound rapidly.” Address: Dep. of Agronomy,
College Exp. Station, Univ. of Georgia, Athens, Georgia.
1343. Ross, J.P.; Brim, C.A. 1957. Resistance of soybeans to
the soybean cyst nematode as determined by a double-row
method. Plant Disease Reporter (USDA) 41(11):923-24.
Nov. 15. [1 ref]
• Summary: “The soybean cyst nematode (Heterodera
glycines Ichinohe) has been found in North Carolina,
Tennessee, Missouri, Arkansas, Kentucky and Mississippi.
Since this pathogen threatens soybean production in infested
areas, resistance to it would be of great value to growers.
“During the spring of 1957 approximately 2800
selections and varieties of soybean (Glycine max) were
evaluated for resistance by means of a double-row planting
method.
“One of the greatest difficulties with field evaluations
of resistance is the lack of uniformity in nematode
population throughout the planting area. This handicap was
overcome by planting two-row plots consisting of a standard
susceptible line and an entry being evaluated. The infested
field was 120 by 450 feet. Seed of each test entry were
planted in 5 feet of row with a 1-foot space between entries.
After the entire field had been planted with the test lines in
rows 32 inches apart, seed from a glabrous line of soybean
(2) previously found to be highly susceptible to the soybean
cyst nematode were planted in rows approximately 6 inches
to one side of each row of the test lines.
“White cyst (3) indices for each entry were recorded
1 month after planting when the white cysts attached to
the roots were visible. At least six plants from each entry
were dug and the roots washed, and each root system was
given a rating on the basis of the number of cysts present.
If a test strain contained less than 10 cysts per root system,
roots of the adjacent susceptible check plants were similarly
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examined for cysts. The check plants provided a good
indication of the nematode population in the proximity of
the test strain. The glabrous character of the susceptible
check readily distinguished it from the test strains. If an
entry received a lower score than the check, resistance was
indicated. Many lines were observed to have low ratings, but
when the roots of the adjacent susceptible check plants were
examined it was evident that the nematode population in that
particular area was very low.
“Eight of the entries tested in this manner appeared to
have high resistance. These eight entries were evaluated
again in the field, by the same method. Results of both
evaluations, including the susceptible check ratings, are
presented in Table 1. It is apparent from these results that
in those cases where the check rating was low, indicating
a low nematode population, the rating obtained for the test
entry was erroneously low (viz. P.I. 189920 and 189969).
However, in the cases where the check rating was high,
indicating a high nematode population, the rating given the
test entry was substantiated in the second evaluation.
“The double-row method used in these evaluations
could also be used for evaluating other crops for nematode
resistance. The method might also find application in
screening plants for resistance to other diseases caused by
soil-inhabiting pathogens, such as root rots, wilts and foot
rots.
“The results indicate that resistance to the soybean
cyst nematode is available within our present soybean
germ plasm. Ichinohe and Asai (4) report that two resistant
soybean varieties, ‘Daiichi-hienuki’ and ‘Nanguntakedate’, show almost no symptoms of the disease and allow
fewer larvae to mature than susceptible varieties. These two
varieties were included in our evaluations and both favored
the development of large numbers of female nematodes. The
existence of biological races within Heterodera glycines
might explain this discrepancy.
“Roots of the resistant lines listed in Table 1 are invaded
by second-stage larvae, but the number of larvae reaching
maturity was found to be very small, and in most cases
larvae do not mature. Further investigations on the hostparasite relationships of the resistant lines are in progress.”
Footnotes: (2) Supplied by E.E. Hartwig, Delta Branch
Experiment Station, Stoneville, Mississippi. (3) “White cyst”
as used in this paper is understood to mean the living adult
female of the soybean cyst nematode. It does not include the
true cyst which is formed from the body of the dead female.
(4) Ichinohe, M. and K. Asai. 1956. Studies on the resistance
of soybean plants to the nematode, Heterodera glycines.
I. Hokkaido National Agricultural Experiment Station
Research Bulletin. Sept. 71: 67-79.
Table 1, titled “White cyst indices for eight entries
of soybeans evaluated for resistance to the soybean cyst
nematode, Heterodera glycines in double-row plots,” has 6
columns: (1) Entry [soybean varietal name or P.I. number].

(2) Maturity Group. (3-4) First evaluation: Entry & Check.
(5-6) Second evaluation: Entry & Check.
The Entries are Ilsoy, Peking and six P.I. numbers. All
are from Maturity Group III except one from Maturity Group
IV. The rating system is: 1-no cysts; 2-1 to 10 cysts; 3-11
to 25 cysts; 4-26 or more cysts. Each number represents a
single plant rating. Address: 1. Plant Pathologist; 2. Research
Agronomist. Both: Crops Research Div., USDA ARS &
North Carolina Agric. Exp. Station.
1344. Thorogood, E. 1957. Oxygenated ferroheme proteins
from soybean nodules. Science 126(3281):1011-12. Nov. 15.
[2 ref]
• Summary: Describes the isolation and properties of
ferroheme proteins from soybean nodules. Address: Dep. of
Bacteriology, Univ. of Illinois, Urbana, Illinois.
1345. Probst, A.H.; Everly, Ray T. 1957. Effect of foliage
insecticides on growth, yield and chemical composition of
soybeans. Agronomy Journal 49(11):577-81. Nov. [6 ref]
• Summary: In 1950, DDT in emulsifiable, colloidal, oilsoluble, and wettable forms was applied at a rate of 2 lb/
acre to the Blackhawk variety of soybean on 3 dates, both as
single and cumulative applications. In 1951, single sprayings
of DDT at 3 rates of application, and one rate of application
of aldrin, BHC, chlordane, dieldrin, dilan, endrin, EPN,
heptachlor, methoxychlor, schradan, demeton, and TDE were
used. Insect populations were at a low level. Spray injury
to foliage was most severe with oil-soluble DDT, and with
dilan and BHC for single applications. Seed quality was not
affected by any of the treatments. Address: 1. Assoc. Prof.;
2. Assoc. in Entomology. Both: Purdue Univ., Lafayette,
Indiana.
1346. USDA Agricultural Marketing Service. 1957. Soybean
variety names. Washington, DC. 31 p. Nov. Supplement 1 to
Service and Regulatory Announcements No. 156 “Rules and
Regulations Under the Federal Seed Act.”
• Summary: The title page states: “Included in Sec.
201.34(e) of the Regulations Under the Federal Seed Act
and Descriptions.” At the bottom of the “Contents” page is
written: Supersedes mimeographed publication “Soybean
Varieties” issued by the former Publication and Marketing
Administration, U.S. Department of Agriculture, revised July
1953.”
Contents: Introduction. Map showing maturity group
areas. Description of varieties. Synonyms of variety names.
List of obsolete or seldom grown varieties.
Description of varieties: Acadian, *Acme (Canada.
* = Also the name of an old variety which is believed to
be no longer in existence), Adams, Agate, Aoda, Arisoy,
Arkan, Arksoy, Arksoy 2913, Armredo, Avoyelles, Bansei,
Barchet, Bavender Special, Biloxi, Blackhawk, Boone,
Capital (Canada), Cayuga, Chame, Charlee, Cherokee,
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Chief, Chippewa, Chusei, Clark, Clemson, CNS, CNS-4,
CNS-24, Comet (Canada), Creole, Cypress #1, Delsoy,
Delsta, Dorman, Dortchsoy #31, Dortchsoy #67, Dunfield,
Earlyana, Easycook, Ebony, Emperor, Etum, Flambeau,
Funk Delicious, Gatan, Georgian, Giant Green, Gibson,
Goldsoy (Canada), Granger, Grant, Habaro, Haberlandt,
Hahto, Hakote, Hardome (Canada), Harly (Canada), Harman
(Canada), Harosoy (Canada), Hawkeye, Hayseed, Herman,
Hidatsa, Higan, Hokkaido, Hongkong, Illini, Imperial,
Improved Pelican, *Jackson, JEW 45, Jogun, Kabott
(Canada), Kanrich, Kanro, Kanum, Kim, Kingwa, Korean
(Canada), Kura, Laredo, Lee, Lincoln, L.Z., Macoupin,
Magnolia, Mamloxi, Mammoth Brown, Mammoth Yellow,
Mamotan, Mamredo, Manchu, Manchu No. 3, Manchu No.
606, Manchukota, Mandarin, Mandarin No. 507, Mandarin
(Ottawa) (Canada), Mandell, Mendota, Mingo, Minsoy,
Missoy, Monetta, Monroe, Montreal Manchu (Canada),
Morse, Mount Carmel, Mukden, Nanda, Nanking, Norchief,
Norsoy, Ogden, Ontario, Otootan, Pagoda (Canada),
Palmetto, Patoka, Peking, Pelican, Pennsoy, Perry, Pridesoy
No. 57, Ralsoy, Renville, Richland, Roanoke, Rokusun, Rose
Non Pop, S-100, Sac, Sato, Scioto, Seminole, Seneca, Sioux,
Smith Super, Sousei, Tanner, Tastee, Tennessee Non Pop,
Tokyo, Viking, Virginia, Volstate, Wabash, Willomi, Wilson,
Wisconsin Black, Wolverine, Woods Yellow, Yellow Gatan,
Yelnando, Yelredo.
Synonyms of variety names (p. 24; Synonym -> Official
variety name): Austrian Green -> Tokyo. Bakaziro ->
Amherst. Banner -> Midwest. Bell -> Midwest. Best Green
-> Hope. Best White -> Amherst. Black -> Buckshot. Black
Beauty -> Ebony. Black Champion -> Peking. Black Sable
-> Peking. Bopp -> Chernie. Brown -> Mammoth Brown.
Brown Biloxi -> Biloxi. Brown Eda Mame -> Eda. Brown
Otootan -> Tanner. Buster Brown -> Trenton. Cha Daidzu ->
Eda. Clay -> Midwest. Claybank -> Midwest. Clemson Nonshattering -> CNS. Cluster Bean -> Midwest. Coker’s 31-15
-> Pee Dee. Columbian -> Columbia. Dortchsoy-2 -> Ogden.
Dwarf Brown -> Ogemaw.
Dwarf Early Yellow -> Ito San. Dwarf Green ->
Medium Green. Early Black -> Wisconsin Black. Early
Green -> Medium Green. Early Indiana Laredo -> Norredo.
Early Japan -> Butterball. Early Korean -> Korean. Early
Laredo -> Norredo. Early Mammoth Black -> Buckshot.
Early Mandarin -> Mandarin. Early Virginia Brown ->
Virginia. Early White -> Ito San. Early Wilson -> Wilson.
Early Wilson Black -> Wilson. Early Wisconsin Black
-> Wisconsin Black. Early Wood’s Yellow -> Arksoy.
Early Yellow -> Ito San. Eda Mame -> Ito San, Eda.
Edsoy -> Delsoy. Essex -> Peking. Etampes -> Ito San.
Evan’s Crossbred No. 9 -> Ogemaw. Extra Early Black
-> Wisconsin Black. Extra Early Black Eyebrow -> Black
Eyebrow. Extra Select Sable -> Peking.
Feeser’s Prolific -> Midwest. Flat Black -> Flat King.
Foster’s Prolific -> Midwest. Galloway -> Midwest. German

Coffee Berry -> Ito San. Giant Brown -> Mammoth Brown.
Giant Yellow -> Butterball. Gosha -> Manhattan. Green
-> Medium Green. Green Field -> Illini. Green Samarow
-> Samarow. Guelph -> Medium Green. Hale-Ogden 2 ->
Ogden. Hollybrook Early -> Midwest. Ignotum -> Ogemaw.
Illinois 13-19 -> Ilsoy. Illinois Champion -> Midwest.
Indiana Hollybrook -> Midwest. Ita Mame -> Tokyo. Japan
No. 15 -> Kingston. Japan Pea -> Ito San. Kiyusuke Daidzu
-> Ito San. Kysuki -> Ito San. Large Black -> Buckshot.
Large Brown -> Mammoth Brown. Large Yellow ->
Mammoth Yellow.
Late -> Mammoth Yellow. Late Ita Mame -> Tokyo.
Late Yellow -> Mammoth Yellow. Lima Soy -> Hahto.
Mammoth -> Mammoth Yellow. Mammoth Black ->
Tarheel Black. Mamotoc -> Tokyo. Manchuria -> Pinpu.
Medium Black -> Buckshot. Medium Early Black ->
Buckshot. Medium Early Brown -> Early Brown. Medium
Early Green -> Medium Green. Medium Early Yellow ->
Ito San. Medium Ita Mame -> Tokyo. Medium Yellow ->
Midwest. Michigan Green -> Medium Green. Midwest
Free -> Midwest. Minnsoya -> Monsoy [Minsoy?]. Mongol
-> Midwest. New Bush Bean -> Midwest. New London
-> Midwest. Northern Hollybrook -> Midwest. Ogema ->
Ogemaw. Ohio Champion -> Midwest. Ohio Medium Green
-> Medium Green.
Ohio 9035 -> Hamilton. Oloxi -> Coker’s Black
Beauty. Pedigreed Sable -> Peking. Pekwa -> Kingwa.
Perley’s Mongol -> Midwest. Premier -> Midwest. Prolific
-> Midwest. Purredo -> Norredo. Rattlesnake -> Taha. Red
Otootan -> Tanner. Red Sable -> Peking. Red Tanner ->
Tanner. Roosevelt -> Midwest. Roosevelt Medium Early
Yellow -> Midwest. Round Black -> Buckshot. Royal ->
Wilson-Five. Sable -> Peking. Shanghai -> Tarheel Black.
Siegenthaler -> Morse. Southern -> Mammoth Yellow.
Southern Medium Green -> Tokyo. Soy Good -> Etum.
Super Quick -> Sousei. Tarheel -> Tarheel Black. Tarheel
Brown -> Mammoth Brown. Vanderburg Black -> Norredo.
Virginia Brown -> Virginia. Virginia Early Brown ->
Virginia. Wilson Black -> Wilson. Wilson Early -> Wilson.
Wilson Early Black -> Wilson. Wings Royal -> Peking.
Wisconsin Early Black -> Wisconsin Black. Wisconsin
Early Brown -> Early Brown. Wisconsin Early Green ->
Medium Green. Wonder -> Midwest. Wyokatenn -> Yokoten.
Yamagata Cha-daidzu -> Eda. Yellow -> Mammoth Yellow.
Yellow Eda -> Ito San. Yellow Etampes -> Ito San. Yoko ->
Yokoten. Yokotenn -> Yokoten. Yoshioko -> Yosho.
Obsolete or seldom grown varieties (p. 30): Acme* (* =
Also the name of a Canadian variety released in 1953), A.K.,
A.K. Harrow, Aksarben, Aksawa, Allison Black, Amherst,
Arlington, Auburn, Austin, Baird, Black Eyebrow, Brindle,
Brooks, Brown Eda Mame, Brownie, Buckshot, Butterball,
Chernie, Chestnut, Chiquita, Cloud, CNS-3, Columbia,
Delaware No. 1838, Delaware No. 1846, Delnoshat,
Delredo, Dixie, Doxie, Duggar, Early Brown, Early White
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Eyebrow, Eda, Edgecombe, Edward, Elton, Etampes, Extra
Early Black, Extra Early Wood’s Yellow, Fabulin, Fairchild,
Farnham, Flat King, Flava, Fuji, Funman, Gala, George
Washington, Giant Yellow, Goku, Goshen Prolific, Green
and Black, Hamilton, Hankow, Hansen, Harbinsoy, Hiro,
Hollybrook, Hoosier, Hope, Hudson Manchu, Hurrelbrink,
Illington, Illinois 178, Ilsoy, Imported Yellow, Ito San, Ito
San Cross, Jackson** (** = Also the name of a United States
variety released in 1953), Jet, Jefferson, Kagon, Kentucky,
Kenua, Kingston, Lexington, Looney No. 2, Lowrie,
Loxitan, Luthy, Manhattan, Manitoba Brown, Mansoy,
Medium Green, Merko, Meyer, Midunk, Midwest, Mikado,
Misstuck, Morgan, Nanksoy, Nansemond, Natsu, Nemo
Sonoma, New Deal, Nielson [Nielsen], Nigra, Norredo,
Nuttall, O.A.C. No. 211, Ogemaw, Ohio 9001, Okute, Old
Dominion, Osaya, Ozark, Pee Dee, Pinedell, Pine Dell
Perfection, Pingsu, Pinpu, Pluto, Pocahontas, Preston,
Riceland, Samarow, Sangra, Sedo, Sherwood, Shingto, Shiro,
Sonoma, Sooty, Southern Green, South Prolific, Soysota,
Stuart, Suru, Swan, Taha, Tanloxi, Tarheel Black, Tashing,
Thurnoko [Tsuronoko?], Toku, Toyonago, Trenton, U.S. 2,
U.S. 5, Verea, Vireo, Waseda, Watson Black, Wea, White
Biloxi, White Eyebrow, Wilson-Five, Wing Jet, Yellow
Marvel, Yellow Reisen [Yellow Riesen], Yokoten, Yosho.
Note: This is the earliest document seen (Aug. 2013)
that mentions the soybean variety Fabulin. Address:
Washington, DC.
1347. Bernard, R.L.; Mumaw, C.R. comps. 1957. Agronomic
evaluation of soybean plant introductions, Group IV
maturity. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois) No. 193. Dec. 38 p. Not for
publication.
Address: Research Agronomists, USDA, Urbana, Illinois.
1348. Cheniae, George M.; Evans, Harold J. 1957. On
the relation between nitrogen fixation and nodule nitrate
reductase of soybean root nodules. Biochimica et Biophysica
Acta 26(3):654-55. Dec. [7 ref]
• Summary: “It has been reported (Evans 1954, p. 298) that
Rhizobium cells from nodules of certain legumes contain
a nitrate reductase. There has been no evidence, however,
to indicate whether or not this enzyme is physiologically
important in the nitrogen-fixing process.”
“From the above results, it seems clear that nodule
nitrate reductase activity is positively correlated with
nitrogen fixation capacity.” Address: North Carolina State
College, School o/Agriculture, Raleigh, North Carolina.
1349. Furutani, Yoshito; Sakata, Kimio. 1957. [The effect of
the day length and temperature on the flowering and growth
of the early soybean varieties (preliminary report)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 26(2):124-25. Dec. [Jap; eng]

• Summary: “Abstract: Examining the effect of day length
(13 and 15 hours) and temperature (low-average 18.4ºC
and high-average 21.2ºC) on the flowering and growth of
soybean varieties of Hokkaido and Kyushu, we got the
following results.
“1. The extreme early varieties of Hokkaido were low
in response to the short day length than the extreme early
varieties of Kyushu. In most varieties flowering is promoted
more or less with high temperature, but Hokkaido varieties
are sensitive, particularly under 15 hrs. day length flowering
is delayed.
“2. The number of node of their main stem was slightly
influenced by temperature. but it was conspicuously
increased by high temperature in Hokkaido varieties.
Besides, it was increased by long day length, but in
Hokkaido varieties it was slightly increased under low
temperature.” Address: Kyushu Agric. Exp. Station.
1350. Takeshima, Hiroji; Hasumi, S. 1957. [Studies on the
flowering in soybeans. II. Effects of light upon flowering].
Yamagata Norin Gakkaiho (J. of the Yamagata Agriculture
and Forestry Society) 12:4-8. Dec. [12 ref. Jap]
1351. Frans, R.E. 1957. Kinetics of growth inhibition by
herbicides. Proceedings of the Southern Weed Conference
10:141-42. [Eng]*
• Summary: Soybean seedlings were treated at the primary
leaf stage with a number of compounds.
1352. Masefield, G.B. 1957. The nodulation of annual
leguminous crops in Malaya. Empire J. of Experimental
Agriculture 25(98):137-50. [4 ref]*
• Summary: A survey of seven crops, including soybeans. In
a 1956 trial, the degree of nodulation of soybeans and other
crops growing in ordinary soil was very low compared with
legumes in the temperate zone, and low compared with the
same crops growing in some other tropical countries. Much
higher weights and numbers of nodules were attained where
these crops were growing in soils with a high water table.
1353. Nelson, C.D.; Gorham, P.R. 1957. Uptake and
translocation of C14-labelled sugars applied to primary leaves
of soybean seedlings. Canadian J. of Botany 35:339-47.
Address: Div. of Applied Biology, National Research
Council, Ottawa, Canada.
1354. Pohjakallio, O.; Antila, S. 1957. Eräiden
soijalajikkeiden fotoboilogisista ominaisuuksista
[Photoperiodic characters of some bred strains of soyabeans].
Maataloustieteelinen Aikakauskirja 29(3):113-20. [3 ref. Fin;
ger]*
• Summary: Two Swedish soybean varieties (Fiskeby 84315-4 and Fiskeby 846-2-1) and one Korean variety (Pando)
were studied for their response to different photoperiodic
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treatments. All proved to be approximately neutral in relation
to daylength. With low light intensity, there was considerable
etiolation, especially in the Fiskeby varieties, but the time
at which flowering occurred was only slightly affected by
changes in light intensity. Even with very little light (only
25% of the light outdoors), ripe seeds developed. On the
basis of these experiments, and of others conducted at the
Wiik Experiment Farm, Helsinki (Tables 6-7) it is concluded
that in the south of Finland, light conditions have hardly any
effect upon success in growing the almost daylength-neutral
soybean varieties concerned. Results confirm Rudorf’s
finding that the northern limit for growing the Fiskeby
soybean varieties is governed by low temperature.
Note 1. Criswell and Hume (Oct. 1972, p. 657) state that
Pohjakallio and Antila (1957) have “presented evidence that
at least some early maturing soybean varieties tested were
nonsensitive to photoperiod.”
Note 2. This is the earliest document seen (Aug. 2018)
that (in translation) contains the term “daylength-neutral” or
the term “almost daylength neutral” in connection with the
soybean. Address: Phytopathological Inst., Univ. of Helsinki.
1355. Scholfield, C.R.; Hicks, Mary A. 1957. Glyceride
structure of vegetable oils by countercurrent distribution. II.
Soybean oil. J. of the American Oil Chemists’ Society 34:7780.
Address: USDA/ARS, Peoria, Illinois.
1356. Yoshida, S.; Yamaguchi, K. 1957. [Changes of various
components in germinating soybeans. VII. Changes of niacin
contents in germinating soybeans]. Osaka Ika Daigaku
Zasshi (J. of Osaka Medical College) 16(4):178-81. [Jap;
eng]*
• Summary: Cited in Japan Sci. Rev. Med. Sci. 6(1):1044.
1958. 241.71 J272.
For part 6 and 8, See Morita, K. Address: Osaka Ika
Daigaku, Ikagaku Kyoshitsu. Shunin: Sugimoto, Koichi,
kyoju. (Dep. of Biochemistry, Osaka Medical College,
Osaka, Japan).
1357. Brown, D.M. 1957. A heat index for soybeans
(Abstract). Agronomy Abstracts 49:63.
• Summary: Growth and development in relation to climate.
“In order to study the growth and development of soybeans
in relation to climate, detailed phenological records were
taken on three varieties at Ames and Kanawha, Iowa, in 1955
and 1956 and on four varieties at Harrow, Jarvis, Guelph and
Brampton, Ontario, in 1954, 1955 and 1956. Several selected
heat indices were calculated from climatic records taken at
each location. The daily values were then accumulated for
each period of development from planting to maturity.
“For the periods from planting to maximum podding
the. index of day-degrees above 40ºF. produced totals at
all locations which were as nearly constant as any of the

indices tried and much less variable than the number of
days. However, in the last stage of development, maximum
podding to maturity, days alone proved to be more constant
than day-degrees above 40º F. The least variability for this
period was given by a system of weighted temperatures
which gave greatly reduced weight per degree to higher
temperatures graded in 10º intervals from 40 to 90ºF.
Considering the complete period from planting to maturity,
a more moderate system of reduced weighting gave much
lower variation than any of the indices tested.” Address:
Ontario Research Foundation [Toronto, Canada].
1358. Chesnin, Leon; Haghiri, F. 1957. Nutrient balance
and soybean growth. I. Influence of nitrogen in relation to
other macronutrients on vegetative growth and nitrogen
metabolism as affected by nodulation (Abstract). Agronomy
Abstracts 49:19-20.
• Summary: This is the first of a series of papers dealing
with the influence of macronutrient balance on the growth
and composition of soybeans as affected by nodulation.
The evaluation of the role of nodulation on the nutrition of
soybeans was facilitated in these experiments by using sister
lines of nodulating and non-nodulating plants. A greenhouse
sand culture study was made of the influence of varying
nitrogen levels in relation to levels of other macronutrients
on the vegetative growth and nitrogen metabolism of
nodulated and non-nodulated soybean plants. A Hoagland
and Arnon nutrient solution was selected for this study.
Three levels of macronutrients other than nitrogen were
established. For each level of macronutrients, five levels
of nitrogen were established in a geometric progression
covering the range of excess to deficiency. Plants were
harvested in 7 weeks after planting.
“There was a highly significant effect of the treatments
on the yield of soybean tops, however, there were no
differences in the yield of nodulated and non-nodulated
soybean plants. The amount and forms of nitrogen in the
tops were greatly influenced by macronutrient and nitrogen
levels as well as the presence of nodules on soybean roots.”
Address: Univ. of Nebraska.
1359. Haghiri, F.; Chesnin, Leon. 1957. Nutrient balance
and soybean growth. II. Influence of nitrogen in relation to
other macronutrients on cation and phosphorus nutrition
as affected by nodulation (Abstract). Agronomy Abstracts
49:20.
• Summary: The influence of varying nitrogen levels in
relation to levels of other macronutrients on the cation
and phosphorus nutrition of nodulated and non-nodulated
soybeans plants was investigated. A Hoagland and Arnon
nutrient solution was selected for the greenhouse sand
culture study. Levels and proportions of nutrients are
described in a previous paper.
“Calcium and magnesium percentages of the tops
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tended to increase with decreasing nitrogen concentration
of the nutrient solutions. Potassium percentages tended to
increase with decreasing nitrogen concentration at the high
macronutrient level. Potassium percentages also tended
to increase with increasing macronutrient level. The nonnodulated soybeans had higher magnesium percentages of
the tops than nodulated plants. There were no differences
in calcium and potassium percentages due to nodulation.
There were no significant differences in the calcium and
magnesium percentages of the soybean roots between
nodulated and non-nodulated plants. Nodulation reduced
the potassium percentages of the roots. Phosphorus content
of the soybean plants increased directly with macronutrient
level and inversely with nitrogen level of the solutions.
Nodulation had no effect on the phosphorus content of the
plants.” Address: Univ. of Nebraska.
1360. Howell, R.W.; Krober, O.A.; Collins, F.A. 1957.
The effect of light quality on growth and composition of
soybeans (Abstract). Plant Physiology 32(Suppl.):viii.
• Summary: “Soybean plants have been grown entirely
in artificial light with ‘blue’ or ‘pink’ fluorescent lamps
providing the only illumination. Plants grown in blue light
had shorter and stiffer internodes, and as expected, flowered
more quickly than those grown in pink light. Plants grown in
pink light had greater dry weight and more nodes. Seedlings
emerged more rapidly when germination flats were exposed
to blue light than when they received pink, but there was
no effect on percent germination. Protein contents of both
young and mature stems and of mature seed were affected by
light quality, higher protein levels resulting from blue light.
In the stems the higher protein percentage in blue light was
accompanied by a lower percentage of carbohydrates. In the
seed, there was little effect of light quality on carbohydrates,
but a higher level of oil occurred in seeds of plants grown in
pink light. The proportions of protein in the whey, globulin,
and albumin fractions, and the percentages of linolenic and
linoleic acids in the oil were not affected significantly by
light quality.”
Note: On the cover of this supplement: “Proceedings of
the Meetings Sponsored Jointly by the American Association
of Plant Physiologists and the Physiological Section,
Botanical Society of America, Stanford Univ., Stanford,
California, August 25-29, 1957.” Address: U.S. Regional
Soybean Laboratory, Urbana, Illinois.
1361. Schwanitz, Franz. 1957. Die Entstehung der
Kulturpflanzen [The origin of cultivated plants]. Berlin,
Goettingen, Heidelberg: Springer-Verlag. 151 p. See p. 32,
99, 101, 109, 124. Illust. 19 cm. [21 ref. Ger]
• Summary: The soybean was not well accepted initially in
tropical Latin America because the introduced varieties were
not well adapted to the day length. Only when day-length
neutral varieties from Manchuria were introduced, did the

plant start to succeed.
A map (p. 109) shows ten centers of origin of cultivated
plants (after Vavilov); the soybean was thought to come from
the southwest Asian center in southern China.
Note: Vavilov had little interest in soybeans; he
systematically explored the world hunting for wild varieties
of wheat, corn, rye, and potatoes. The present scientific
consensus is that the soybean originated in the eastern half of
North China. Address: Prof. Dr., State Institute for Applied
Botany, Hamburg (Staatsinstitut fuer Angewandte Botanik,
Hamburg).
1362. van Schaik, Peter H. 1957. Inheritance of inflorescence
type and a study of environmental factors affecting flower
shedding in soybeans. PhD thesis, Purdue University,
Indiana. 145 p. Abstracted in Dissertation Abstracts
17(7):1442-43. [40+ ref]*
Address: Purdue Univ., Indiana.
1363. Meade, John A. 1958. The effect of isopropyl N-(3chloro-phenyl) carbamate on the carbohydrate content of
soybean plants. Weeds 6(1):66-67. Jan. [12 ref]
• Summary: “The invert sugars of the leaves that had
received the 8 pound treatment were 14 times greater than
the untreated check. Total sugars of the treated leaves
showed an increase of 90% over the check. The herbicide
CIPC apparently increases the amounts of reducing and
non-reducing sugars in soybean plants. This would indicate
that in respect to these carbohydrate fractions CIPC has the
same effect on soybeans as on corn.” Address: Instructor,
Agronomy Dep., Univ. of Maryland Agri. Exp. Station,
College Park, Maryland.
1364. Rojas-Garciduenas, M.; Kommedahl, Thor. 1958.
The effects of 2,4-dichloropheneoxyacetic acid on radicle
development and stem autonomy of soybean. Weeds 6(1):4951. Jan. [3 ref]
• Summary: 2,4-D is an herbicide which causes parts
of the soybean plant to develop abnormally. “Plants of
the Blackhawk variety of soybean were sprayed with an
alkanolamine salt of 2,4-D at 1 lb/acre in the field when in
the third trifoliate-leaf stage (6 to 8 inches tall).” Address: 1.
Former Graduate Student; 2. Assoc. Prof. Both: Dep. of Plant
Pathology and Botany, Univ. of Minnesota, St. Paul, MN.
1365. Staniforth, David W. 1958. Soybean-foxtail
competition under varying soil moisture conditions.
Agronomy Journal 50(1):13-15. Jan. [5 ref]
• Summary: “Synopsis: Soybean yield reductions due to
annual weed infestations averaged 5% when soil moisture
conditions during growing seasons were either adequate
for or severely limiting to plant growth. Reductions were
also small when moisture was limiting in early season and
adequate later. When soil moisture was adequate until late
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July and then severely limiting until bean maturity, yield
reductions from weed competition averaged 15%.” Address:
Assoc. Prof. of Botany and Plant Pathology and of Farm
Crops, Iowa Agric. Exp. Station, Ames, Iowa.
1366. Takeshima, Hiroji. 1958. Effects of day-length and
temperature upon the flowering of soybeans. Yamagata
Daigaku Kiyo. Nogaku (Bulletin of the Yamagata University,
Agricultural Science) 2(4):393-401. Feb. [18 ref. Eng; jap]
• Summary: “In 1955, the short-day treatments for a
short period (10 days) at the different growth phase and a
continuous treatment from germination to anthesis were
carried out with 17 varieties of soybeans including 5
ecotypes in Faculty of Agriculture, Yamagata University. In
1956, 3 varieties, typical varieties of 3 ecotypes were used,
and the relationship between day-length and temperature was
investigated more in detail in Faculty of Agriculture, Kyoto
University.
“The results obtained are summarized as follows:
“(1) In the plots of the continuous treatment, all varieties
examined flowered almost at the same time (about 36 days
after germination), while in the plots for a short period, the
later the treatment was commenced, the shorter the days
from the beginning to the anthesis became. That is, the
effectiveness of a photoperiodic treatment increased with
the age of plants treated. In comparison with the late variety
(autumn type), the early variety (summer type) responded to
the treatment at the earlier stage of growth.
“(2) In all varieties treated continuously, the first flower
was borne at the axil of the second compound leaf, while, in
the plants treated for a short period, the flowers were found
at higher nodes, successively with the delay of the time of
treatment.
“(3) In the late and intermediate varieties, the flowering
was promoted by the high temperature (20-30ºC) given at
the early stage of the growth, but this effect was decreased
when given at the later stage. On the other hand, in the early
variety the flowering was promoted by high temperature
treatment given at any stage.
“(4) It is expected that there is optimum temperature
in each phase from floral induction to anthesis as well as
optimum day-length.
“(5) The plant even under unfavourable condition seems
to reach the differentiation of flower bud and flowering
stage ultimately when it grows older.” Address: Labor. Crop
Science plant breeding, Faculty of Agriculture, Yamagata
Univ.
1367. van Schaik, P.H.; Probst, A.H. 1958. The inheritance
of inflorescence type, peduncle length, flowers per node,
and percent flower shedding in soybeans. Agronomy Journal
50(2):98-102. Feb. [8 ref]
• Summary: “Synopsis: One factor pair conditioned type of
inflorescence. The gene for pedunculate was dominant over

sub-sessile inflorescence. The symbols Se and se have been
assigned to this factor pair.
“Inflorescence type segregated independently of flower
color and growth type but was linked with maturity and
height.
“Peduncle length, flower number per node, and
percent flower shedding were inherited quantitatively with
dominance and complementary gene effects toward long
peduncles, high flower number, and high shedding.”
Sub-sessile (when used as an adjective referring to
flowers or leaves; often written “subsessile”) means: having
no stalk; growing directly from the stem. Most soybean
varieties “have sub-sessile inflorescence with as many as
12 to 15 flowers and an average of 8 per node...” Address:
Purdue Univ. Agric. Exp. Station, Lafayette, Indiana.
1368. Bach, Michael K.; Magee, W.E.; Burris, R.H. 1958.
Translocation of photosynthetic products to soybean
nodules and their role in nitrogen fixation. Plant Physiology
33(2):118-24. March. [22 ref]
• Summary: This article begins: “Nodules from leguminous
plants will continue to fix N2 into acid extractable
compounds for several hours after they have been excised
from the roots. The capacity of nodules to fix N2 is decreased
two- to five-fold by slicing and is abolished by grinding the
nodules (2).” Address: Dep. of Biochemistry, College of
Agriculture, Univ. of Wisconsin, Madison.
1369. Frear, D. Stuart; Burrell, R.C. 1958. The assimilation
of N15- from labeled hyponitrite by soybean leaves. Plant
Physiology 33(2):105-09. March. [32 ref]
• Summary: “1. Labeled sodium hyponitrite was prepared
in rather low yield with high purity by the reduction of N15labeled sodium nitrate with sodium amalgam.
“2. Aqueous solutions of sodium hyponitrite at pH 11.3
were found to be stable for two hours at room temperature.
Sodium hyponitrite solutions buffered at pH 7.3 were found
to decompose at a much faster rate and had half lives of
approximately 11 minutes.
“3. Labeled hyponitrite nitrogen was assimilated by
infiltrated soybean leaf sections in the light and in the dark...”
Address: Dep. of Agricultural Biochemistry, The Ohio State
Univ., Columbus 10, Ohio, and the Charles F. Kettering
Foundation, Yellow Springs, Ohio.
1370. Hartwig, Edgar E.; Jamison, Kathryn W.; Edwards,
C.J., Jr. comps. 1958. Results of the Cooperative Uniform
Soybean Tests, 1957: Part II. Southern States. RSLM (U.S.
Regional Soybean Laboratory Mimeograph, Urbana,
Illinois) No. 192. March. 124 p. Not for publication.
https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/57soybook.pdf
• Summary: Except for the cover, this document is
typewritten.
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Near bottom of title page: “United States Department of
Agriculture. Agricultural Research Service. Crops Research
Division, cooperating with State Agricultural Experiment
Stations.”
Contents: Cooperating personnel. Introduction. Location
of nurseries. Methods. Uniform test, Group IV. Preliminary
Group IV. Uniform test, Group V. Preliminary Group V.
Uniform test, Group VI. Preliminary Group VI. Uniform
test, Group VII. Preliminary Group VII. Uniform test, Group
VIII.
“Introduction: The program of the U.S. Regional
Soybean Laboratory has been directed toward the
development of improved strains of soybeans and the
obtaining of fundamental information necessary to the
efficient breeding of strains to meet specific needs. In
the Southern Region, fundamental studies and breeding
programs are conducted at the two centers, Stoneville,
Mississippi, and Raleigh, North Carolina. After promising
new strains are developed at these breeding centers, they
are advanced to the uniform regional tests, conducted in
cooperation with the 12 southeastern states. This testing
program enables the breeder to evaluate new strains under a
wide variety of conditions, and permits new strains to be put
into production in a minimum amount of time.
“Nine uniform test groups have been established
to evaluate the better strains developed in the breeding
programs, The Groups 0 through IV are adapted in the
northern part of the United States, and the Groups IV
through VIII are grown in the southern part. Within their
area of adaptation, there is a maturity range of 12 to 18
days within each maturity group. The best standard variety
available of each maturity class is used as a check variety
with which to compare new strains as to seed yield, chemical
composition, maturity, height, lodging, and seed quality. For
the groups grown in the southern area, the check varieties
are Perry, Dorman, Ogden, Roanoke, and Improved Pelican.
At Stoneville, Mississippi, where all maturity classes will
mature, the approximate maturity dates of these varieties
when planted during the first half of May are: Perry,
September 6; Dorman, September 20; Ogden, October 10;
Roanoke, October 25; and Improved Pelican, November 8.
“The 1952 cooperative nurseries complete 10 years
of regional strain evaluation in the Southern States. Of the
43 strains included in Groups V through VIII, only three,
S-100, Ogden, and Acadian, were included in 1943. The
results of these tests have shown the advantages of the
improved varieties, and as a result, varieties such as Ogden
and Roanoke have replaced largely the older varieties such
as Arksoy, Ralsoy, Tokyo, Woods Yellow, and Palmetto.
However, the good characteristics of some of these strains
have been utilized in the breeding program. For example,
N47-3479, which has shown promise in Group VII, has
Palmetto as one of its parents. Although the variety CNS
was shown to have an oil content too low for satisfactory

commercial production, its resistance to bacterial pustule has
been incorporated into many of the new strains now in test.
“A wide range of soil and climatic conditions exist in
the region. As an aid in recognizing regional adaptation,
the region has been subdivided into five rather broad areas,
which still represent a wide range of soil types. These are:
(1) the East Coast, consisting of the Coastal Plain and
Tidewater areas of southern Delaware, the Eastern Shore of
Maryland, Virginia, North Carolina, and the upper half of
South Carolina; (2) the Southeast, consisting primarily of the
Coastal Plain soils of the Gulf Coast area, but also including
similar soils from South Carolina southward; (3) the Upper
and Central South, including the Piedmont and loessal
hill soils east of the Mississippi River; (4) the Delta area,
composed of the alluvial soils along the Mississippi River
from southern Missouri, southward, and (5) the Southwest,
comprising Arkansas and Louisiana, outside of the Delta,
and Oklahoma and Texas. In the Southwest area, most of
the potential soybean-growing areas are on the alluvial
river valley soils. A map is included to illustrate the five
production areas,
“On nearly all of the Coastal Plain, Piedmont, and
loessal soils fertilization is essential for satisfactory
soybean production. A table showing soil types and rate of
fertilization is included.
“As a further aid in interpreting varietal responses,
rainfall data is reported for many of the locations where
nurseries were grown. Since much of the summer rainfall
is from local showers, rainfall data is included only from
locations where records were taken reasonably close to the
nurseries. Daily minimum and maximum temperatures are
reported for the representative locations for the various
production areas.
“The 1952 season was characterized by an extreme
summer drouth [drought], especially in the Delta section, and
by an early killing frost. The effects of the frost were felt in
the Southwest, Delta, and upper East Coast plantings.
“In calculating variety means for seed yield, data from
tests with extremely low yields or where the coefficient of
variability exceed 25 per cent, are not included in the area
means.” Address: 1. Agronomist; 2. Clerk-Stenographer; 3.
Agricultural Aid [Stoneville, Mississippi].
1371. Hoff, D.J.; Mederski, H.J. 1958. The chemical
estimation of plant available soil manganese. Proceedings–
Soil Science Society of America 22(2):129-32. March/April.
[15 ref]
• Summary: “Abstract: Nine methods of extracting
manganese from 25 soils were studied and correlated with
manganese absorbed by soybean plants.”
“Results indicate that manganese deficiency in soybeans
may be expected if the manganese extracted with ammonium
dihydrogen phosphate or phosphoric acid is less than 40
pp2m. With alcoholic hydroquinone, manganese deficiency
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may be expected if the manganese extracted is less than 125
pp2m.” Address: Ohio Agric. Exp. Station.
1372. Miller, Gene W.; Evans, H.J.; Sisler, E. 1958. The
properties of cytochrome oxidase in cholate extracts from
soybean roots. Plant Physiology 33(2):124-31. March. [21
ref]
• Summary: “Cytochrome oxidase preparations have been
obtained from many different organisms including higher
plants (1, 4, 21). Since cytochrome oxidase is firmly bound
to the particulate material, fractionation and purification by
usual techniques has not been possible. Surface active agents
including sodium cholate or sodium deoxycholate have
been shown to disperse particulate cytochrome oxidase from
heart muscle resulting in a clear extract. Some purification
from this material has been obtained (3, 19, 20). Smith (16)
reported a 20-fold purification of cytochrome oxidase from
a heart muscle extract by use of sodium cholate treatment,
trypsin digestion and then fractionation by ammonium
sulfate. No information has been found in the published
literature concerning the purification of cytochrome oxidase
from higher plant sources.” Address: North Carolina State
College, Raleigh, North Carolina.
1373. Schwab, G.O.; Shrader, W.D.; Nixon, P.R.; Shaw,
R.H. 1958. Research on irrigation of corn and soybeans
at Conesville and Ankeny, Iowa, 1951 to 1955. Iowa
Agricultural and Home Economics Experiment Station,
Research Bulletin No. 458. p. 249-59. March. [8 ref]
• Summary: Irrigation significantly increases soybean yields.
The average increase was 6.4 bu/acre or 33.8%. The amount
of increase depends on the variety, the soil type, and the local
rainfall. Irrigation also tends to increase protein content and
decrease oil content. Address: Iowa State College, Ames,
Iowa.
1374. Benedict, W.G.; Hildebrand, A.A. 1958. The
application of chromatographic methods to a study of the
susceptibility of soybean to stem canker. Canadian J. of
Plant Science 38(2):155-63. April. [17 ref]
• Summary: Stem canker is caused by Diaporthe
phaseolorum.
“Abstract: Chromatographic methods were used in
an attempt to discover why soybeans, which are highly
susceptible to infection by D. phaseolorum var. caulivora
earlier in their development, become less susceptible as they
grow older. Eighteen amino compounds in hydrolyzates of
bark of soybean stems were identified by co-chromatography
with substances of known constitution. An increase in
concentration of each compound was noted as stem tissue
matured and became more resistant to infection. Total
nitrogen of the tissues studied also increased with plant
maturity.” Address: Canada Dep. of Agriculture, Harrow,
Ontario.

1375. van Schaik, Peter H.; Probst, A.H. 1958. Effects
of some environmental factors on flower production and
reproductive efficiency in soybeans. Agronomy Journal
50(4):192-97. April. [15 ref]
• Summary: Soybean plants of the varieties Clark and
Midwest were grown under controlled light- and temperature
conditions to study their effects on growth and reproduction.
Increases in temperature generally caused earlier and more
abundant flowering in both varieties. With increase of
daylength from 12 to 20 hours, flowering was delayed, but
the number of flowers produced increased. Address: Purdue
Univ. Agric. Exp. Station, Lafayette, Indiana.
1376. Sironval, C. 1958. Relation between chlorophyll
metabolism and nodule formation in soya bean. Nature
(London) 181(4618):1272-73. May 3. [2 ref]
• Summary: Experiments with the Illini soybean variety
indicated that the action of daylength on chlorophyll
content of the leaves is related in some way to daylength
in the formation of root nodules. Address: Laboratoire de
Physiologie et Centre des Hormones Végétales, IRSIA,
Institut de Botanique, Liège (Belgium).
1377. Cartter, Jackson L. 1958. Time of planting studies:
Northern states. Soybean Digest. May. p. 12-14. [2 ref]
• Summary: Contents: Introduction. Effect on maturity.
Effect on yield. Effect on height. Effect on lodging. Effect on
seed quality. Effect on oil. Effect on iodine number. Effect on
protein. The best time to plant. Soybean varieties discussed:
Adams, Blackhawk, Clark, Wabash.
“Probably no single cultural factor is more important
to soybean production than the date of planting.” Four
soybean varieties planted in Urbana, Illinois, on May 1 yield
higher than when planted at any later date. Address: U.S.
Regional Soybean Lab., Urbana, Illinois; Plant Physiologist
and Agronomist, respectively, Crops Research Div., ARS,
USDA.
1378. Hartwig, Edgar E. 1958. Time of planting soybeans in
the south. Soybean Digest. May. p. 16, 19.
• Summary: The time of planting is determined largely by
day length and by soil temperature. The critical number of
daylight hours is specific for each variety and determines in
part its area of adaptability and time of maturity. Soybeans
should typically be planted when the day length reaches
14½ hours, which ranges from April 24 in Warsaw, Virginia,
to June 10 in Miami, Florida. Address: Agricultural
Research Service, Crops Research Div., USDA, working
in cooperation with the Delta Branch Experiment Station,
Stoneville, Mississippi.
1379. Wallace, Arthur. 1958. Effect of chelated iron and
manganese on the manganese content of soybeans grown in
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solution culture. Agronomy Journal 50(5):285-86. May. [5
ref]
• Summary: “The chelating agent ethylenediamine di(O-hydroxy-phenylacetic acid) (EDDHA) has proved to be
an excellent source of Fe for plants grown on alkaline and
calcareous soils (2). The use of EDDHA with soils, however,
has consistently resulted in low Mn contents of plants
whether the form added was the Fe chelate, or either the Na
salt or the acid form of the chelating agent without Fe3 There
are observed cases of Mn deficiency induced by this material
in the field and it can become a troublesome problem.”
Address: Assoc. Prof. of Subtropical Horticulture, Univ. of
California, Los Angeles.
1380. Hanway, J.J.; Englehorn, A.J. 1958. Nitrate
accumulation in some Iowa crop plants. Agronomy Journal
50(6):331-34. June. [11 ref]
• Summary: Corn, sorghum, and soybeans were analyzed to
study nitrate content as influenced by drouth and fertilizer
applications.
Nitrates accumulate more in the stems and stalks than in
the leaves and seedheads of maize, sorghum, and soybeans;
they normally decrease with maturity. Address: Iowa Agric.
Exp. Station, Ames.
1381. Leopold, A.C. 1958. Auxin uses in the control of
flowering and fruiting. Annual Review of Plant Physiology
9:281-310. June.
• Summary: “While the practical aspects of auxin usage
have been reviewed in books by Audus (6), Tukey (166),
and Leopold (93), this is an area of specialization and rapid
change where the written word quickly becomes modified in
practice. In the present review we will discuss auxin uses to
alter flowering and fruiting processes, and an attempt will be
made to relate the practical applications to the physiological
science... Emphasis will be laid upon the developments since
the most recent review of the subject (93).” Address: Dep. of
Horticulture, Purdue Univ., Lafayette, Indiana.
1382. Agricultural Research (USDA). 1958. How pod and
seed losses affect soybeans. 7(1):13. July.
• Summary: “Soybeans can lose up to 40% of their pods
and still produce a normal yield. USDA research shows that
nature compensates for pod loss by increasing seed size and
decreasing natural pod shedding... Researchers found that
removing even 10% of the pods increased seed size.”
“Depodding causes larger and heavier seeds because
the normal leaf-area supplies food to a smaller-than-normal
number of seeds, which thus get plenty. Conversely,
defoliation causes smaller and lighter seeds because fewer
leaves are left to nourish the large number of seeds.”
1383. Fukui, J.; Matsumoto, S. 1958. [On the varietal
difference of the effect of short day-length upon the flower

initiation and its development and upon the seed ripening
period of soy-bean (Abstract)]. Ikushugaku Zasshi (Japanese
J. of Breeding) 8(1):63. July. [Jap]
1384. McKinney, L.L.; Weakley, F.B.; Campbell, R.E.;
Cowan, J.C. 1958. Changes in the composition of soybeans
on sprouting. J. of the American Oil Chemists’ Society
35(7):364-66. July. First issued in 1956 as an unpublished
manuscript. [15 ref]
• Summary: In the Hawkeye soybean variety, changes in
nitrogen and oil contents, and in dry weight, during the first
6 days of germination. Changes in thiamin and ascorbic acid
were measured for 4 days. Nonprotein nitrogen increased
slowly, while protein nitrogen decreased slowly. Thiamin
decreased slowly for the first two days, then increased
slowly for the next two. Ascorbic acid, which was absent in
unsprouted soybeans, increased dramatically throughout the
4 days. After 6 days, with the sprouts about 2½ inches long,
only 2.6% of the dry matter was lost; free fatty acids did not
increase significantly.
The authors conclude that soybeans sprouted for 2-3
days have possibilities for use in high energy, high-protein
broiler feed. Address: Northern Regional Research Lab.,
Peoria, Illinois.
1385. Biebl, Richard. 1958. Radiomorphosen an Soja hispida
[Morphology of Soja hispida following radiation]. Flora,
oder, Botanische Zeitung (Jena, East Germany) 146(1/2):6893. Aug. 20. [40 ref. Ger]
• Summary: Soybean seeds and seedlings were treated with
250, 500, 1,500, 2,000, and 3,000 röntgens [roentgens]
of ionizing radiation, then allowed to continue to grow
in the open. The resulting morphological and anatomical
deformations in the leaves are described. Flowering was
reduced. The influence of X-rays on growth substances is
discussed. Address: Pflanzenphysiologisches Inst., Univ.
Wien, Austria.
1386. Carpenter, W.D.; Beevers, H. 1958. Distribution
and properties of isocitritase in plants (Abstract). Plant
Physiology 33(Suppl.):xxxv.
• Summary: “Isocitritase is the enzyme which splits
isocitrate into succinate and glyoxylate.”
“A variety of tissues (including leaves, roots, tubers,
seedlings and fruits) were tested for isocitritase activity.
The only ones in which a significant amount of activity
was found were those of seedlings originally rich in fat.
Thus the enzyme has been shown to be present in pumpkin,
cottonseed, peanuts, flax, sesame, soybean, watermelon. and
sunflower in addition to castor bean. The implications with
regard to the function of isocitritase and the glyoxylate cycle
will be discussed.”
Note: On the cover of this supplement: “Proceedings
of the Meetings Sponsored Jointly by the American
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Association of Plant Physiologists and the Physiological
Section, Botanical Society of America, Indiana University,
Bloomington, Indiana, August 24-28, 1958.” Address:
Purdue Univ., Lafayette, Indiana.
1387. Galitz, D.S. 1958. An inhibitor of germination in
immature soybean seeds (Abstract). Plant Physiology
33(Suppl.):xxxi. Aug.
• Summary: “Although there is adequate moisture for
germination during most of the period of development,
immature soybean seed ordinarily do not germinate in
the pod, nor will they germinate if shelled and planted in
moist sand. However, nongerminable immature seed will
germinate 75-100%, if soaked 24 hours in deionized water
or if detached from the plant and allowed to dry in the pod
at room temperature. The leachate obtained in soaking
immature seed reduces growth rate of mature embryos and
number of root hairs produced by seedlings on nutrient
agar. Similar leachates from mature seed do not restrict
growth of mature embryos. There thus appears to be a water
soluble inhibitor of embryo growth present in immature
but not in mature seed. The activity of the crude extract
is not destroyed by freeze-drying in vacuo nor by boiling,
indicating that the active substance is probably nonvolatile
and heat stable.” Address: Univ. of Illinois, Urbana, Illinois.
1388. Hoch, G.E.; Schneider, K.C.; Burris, R.H. 1958.
Effect of N2 and N20 on H2 evolution by soybean nodules
(Abstract). Plant Physiology 33(Suppl.):xiii.
• Summary: “Studies with the mass spectrometer have
shown that excised soybean root nodules evolve hydrogen
when placed in atmospheres containing oxygen. Distinct
similarities exist between the hydrogenase and ‘nitrogenase’
activities of the nodules (Hoch, Little and Burris, Nature
179, 430-431, 1957).”
Note: On the cover of this supplement: “Proceedings
of the Meetings Sponsored Jointly by the American
Association of Plant Physiologists and the Physiological
Section, Botanical Society of America, Indiana University,
Bloomington, Indiana, August 24-28, 1958.” Address: Univ.
of Wisconsin, Madison.
1389. Howell, Robert W. 1958. Characteristics of
mitochondria from cotyledons of germinating soybeans
(Abstract). Plant Physiology 33(Suppl.):vi.
• Summary: “Oxygen uptake and P/O ratios of mitochondria
on several substrates increases during the first five days
of germination of soybean seed in the dark at 70ºF. The
greatest activity is on succinate with Qo2(N) values of about
1000 being attained by the fifth day. Oxygen uptake on this
substrate declines thereafter but Qo2(N) remains above 500
through the fourteenth day. Maximum Qo2(N) on alphaketoglutarate is between 300 and 350 from the third to fifth
day. Activity declines quickly thereafter and by the sixth

day of germination Qo2(N) is less than 100. By contrast,
Qo2(N) on isocitrate increases more slowly to a maximum
of about 400 by the fifth day, and while it declines thereafter,
oxygen uptake on isocitrate is more than twice that on alphaketoglutarate with Qo2(N) values of over 200 being typical
through the eleventh day.
“The change in relative importance of isocitrate
and alpha-ketoglutarate suggests the development of a
mechanism such as the ‘glyoxylate shunt’ which has been
demonstrated in castor beans, bacteria etc. Stored fat of
soybean cotyledons is utilized for growth beginning about
the fourth or fifth day of germination, thus requiring a system
in which acetyl CoA can be converted to carbohydrates,
proteins, etc.
“Phosphorylation reaches a maximum about the fourth
or fifth day. Maximum P/O ratios observed were above 2.0.
P/O ratios were higher on succinate than on other substrates.
Note: On the cover of this supplement: “Proceedings
of the Meetings Sponsored Jointly by the American
Association of Plant Physiologists and the Physiological
Section, Botanical Society of America, Indiana University,
Bloomington, Indiana, August 24-28, 1958.” Address: U.S.
Soybean Lab., Urbana, Illinois.
1390. Kahn, Varda; Bils, R.F.; Hanson, J.B.; Howell,
R.W. 1958. Changes in the native fat reserves of soybean
cotyledons with germination (Abstract). Plant Physiology
33(Suppl.):xxxiii-xxxiv.
• Summary: “Biochemical, cytological, and physical studies
have been made to characterize the nature of stored oil
and the changes undergone during germination in soybean
cotyledons. Native oil occurs as cytoplasmic droplets about
1-2 microns in diameter. Masses of these droplets (‘native
fat’) can be isolated in a relatively uncontaminated state by
homogenization and centrifugation. Electron microscope
photographs indicate that the droplets are enclosed by
a membrane, which appears to remain intact during
germination.”
Note: On the cover of this supplement: “Proceedings
of the Meetings Sponsored Jointly by the American
Association of Plant Physiologists and the Physiological
Section, Botanical Society of America, Indiana University,
Bloomington, Indiana, August 24-28, 1958.” Address: Univ.
of Illinois, Urbana, Illinois.
1391. Kamprath, E.J.; Miller, E. 1958. Soybean yields as
a function of the soil phosphorus level. Proceedings–Soil
Science Society of America 22(4):317-19. July/Aug.
Address: 1. Research Asst. in Soils; 2. Prof. of Soils. Both:
Missouri Agric. Exp. Station, Columbia, Mo.
1392. Magee, A.C.; Matrone, G. 1958. Estrogenic activity of
soybean forage. J. of Animal Science 17(3):787-91. Aug. *
• Summary: Biochemistry of green soybean forage harvested
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in early bloom stage. Fractions were tested by the mouse
uterine weight technique.

Abstracts 19(3):402-03. *
Address: Iowa State Univ., Ames, Iowa.

1393. Nelson, C.D.; Gorham, Paul R. 1958. Translocation
C14 amino acids and amides in young soybean plants
(Abstract). Plant Physiology 33(Suppl.):xxi. Aug.
• Summary: “Translocation of each of six amino acids and
three amides was measured for periods of 5 min. or less after
introduction through the cut petiole of a primary leaf. The
compounds studied were: glycine, serine, alanine, aspartic
acid, glutamic acid, arginine, asparagine glutamine and
urea. Plants were cut into pieces and each piece assayed for
carbon14. During the short times of these experiments it was
found that each compound was translocated as such, mostly
towards the roots, and that the amount of carbon14 decreased
logarithmically from the point of introduction. The minimum
velocity of translocation was different for each compound
and varied between 350 cm. per hour for asparagine and
1400 cm. per hour for aspartic acid. Translocation of these
compounds was not inhibited by 10-2 M KCN, although
uptake was increased. All of the compounds moved
downward past a short section of stem (1 to 7 cm.) that had
been killed with steam. This treatment had no effect on
the velocity of translocation. If the whole internode (about
16 cm.) was killed with steam there was no downward
translocation. These compounds, like glucose and fructose,
but unlike sucrose, can move in non-living tissues.”
Note: On the cover of this supplement: “Proceedings
of the Meetings Sponsored Jointly by the American
Association of Plant Physiologists and the Physiological
Section, Botanical Society of America, Indiana University,
Bloomington, Indiana, August 24-28, 1958.” Address:
National Research Council, Ottawa, Canada.

1396. Nagata, Tadao. 1958. Studies on the flowering and
fruiting of summer vs. autumn soybean types. V. Effects
of the day length after flower primordia initiation upon the
flowering process with reference to the adaptation to planting
time in autumn soybean type. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan) 27(1):8790. Sept. [11 ref. Eng; jap]
• Summary: Adaptation of soybean to planting time has been
of great interest to human beings since ancient times, when it
was discussed in the Lu-shi chun tsiu (ca. 250 B.C.).
“In the temperate zone of Asia such as Central and
South China and South Japan, the differentiation between
summer vs. autumn soybeans–the former is a short season
crop planted in April, and the latter a full season crop planted
from June to July–is a well known fact as recorded in many
old documents in China, such as Ch’i-min yao-shu, and Tienkung kai-wu, and in Japan, such as Nogyo zensho, Seikei
zusetsu and Honzo zufu.”
The author has already reported the following: (1)
For autumn soybean types, the variation of seed yield
corresponding to a given planting time depends on the
flowering process rather than on the ratio of pods to flowers.
(2) Autumn soybean types had more flowers of moderate
duration when they were planted in June, but fewer flowers
that were too long in duration when they were planted in
April.
In this experiment a typical autumn soybean type (also
called a “late flowering soybean”), Akazaya-shirodaizu,
belonging to class VII, was planted on May 5 in 1954
and April 25 in 1955. Some plants were given short day
treatment before and after flowering primordia initiation.
The author found an important new relationship between
the planting time and the day length after flower primordia
initiation. He found that the day length after flowering
primordia initiation controls the flowering duration and
the number of flowers per day. If the autumn soybean in
planted at the proper time, it will bear abundant flowers
in a comparatively short duration and have a high seed
yield. Thus planting time is the key to high yield and this
is primarily a phenological response to the variation in day
length. Address: Hyogo Agricultural College, Japan.

1394. Allison, F.E.; Roller, E.M.; Raney, W.A. 1958.
Relationship between evapotranspiration and yields of crops
grown in lysimeters receiving natural rainfall. Agronomy
Journal 50(9):506-11. Sept. [8 ref]
• Summary: Evapotranspiration and crop-yield information
were obtained in 2 experiments, lasting 5 and 7 years
respectively, in which soybeans and 5 other crops were
grown in lysimeters in sand receiving varying quantities of
NPK fertilizers.
Note: This is the earliest document seen (July 1996) that
mentions “lysimeter” in connection with soybeans. Webster’s
Dictionary defines lysimeter, a term first used in about 1879,
as “a device for measuring the percolation of water through
soils and for determining the soluble constituents removed
in the drainage.” Address: Soil and Water Conservation
Research Branch, USDA, Beltsville, Maryland.
1395. Brown, Donald Murray. 1958. A phenological study
of soybeans in Iowa and Ontario, Canada. PhD thesis, Iowa
State University. 94 p. Sept. Abstracted in Dissertation

1397. Nanda, K.K.; Hamner, K.C. 1958. Studies on the
nature of the endogenous rhythm affecting photoperiodic
response of Biloxi soybean. Botanical Gazette 120(1):14-25.
Sept. [15 ref]
• Summary: Effects on flowering response. Blaney and
Hamner (1957) have presented evidence that photoperiodic
reactions in plants are affected markedly by an endogenous
rhythm. Address: Dep. of Botany, Univ. of California, Los
Angeles 24, California.
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1398. Oizumi, Hisakazu; Katsura, Isami. 1958. [Studies
on the branching in soybean plants. 1. System of foliar
emergence]. Nippon Sakumotsu Gakkai Kiji (Proceedings of
the Crop Science Society of Japan) 27(1):80-82. Sept. [4 ref.
Jap; eng]
• Summary: “(1) System of foliar emergence in soybean
plants, Ou-No. 13, was observed during 1955-57 in relation
to the plant density, the manuring and the sowing time.
“(2) Foliar emergence of main stem had one or two
turning points and was linear before and after this point and
interval of each foliar emergence after this point was shorter
than before. Interval of foliar development was markedly
affected by the sowing time and it was fastened at the late
planting than earlier.
“(3) Branches developed normally from downward node
to upper node and the interval of foliar emergence of each
branches was 3 or 4 days. Same as the main stem, the sowing
time effected most upon this interval and it was fastened in
the late sowing plot.
“(4) Simultaneous foliar emergence between main stem
and branches was observed at the distance of 4 and 5 sections
and these numbers of sections were varied a little according
to the growth stage.” Address: Tohoku Agric. Exp. Station.
1399. Price, N.O.; Moschler, W.W.; Kroontji, W. 1958.
18. Effects of lime on the mineral composition of soybean
foliage (Abstract). Virginia J. of Science (The) 9(4):374.
Sept. New Series.
• Summary: “Different levels of lime has little effect on
the major element (N, P, K, Ca and Mg) content of soybean
foliage. However, the minor element (Cu, Co, Mo, Mn and
Zn) content of the foliage show great differences due to
various lime applications. The lower levels of lime bring
about the greatest change in the minor element content of
the foliage. Soil type is also an influencing factor effecting
the mineral composition of plants.” Address: Virginia Agric.
Exp. Station.
1400. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois). 1958. Agronomic evaluation
of soybean plant introductions, Group I maturity. No. 197.
Sept. 18 p. Not for publication.
• Summary: Data supplied by James C. Sentz, University of
Minnesota, St. Paul. Address: Urbana, Illinois.
1401. Sasamura, Shizuo. 1958. [The effects of photoperiod
and temperature on the time of flower primordia formation
and flowering and the expansion of leaves on the main
stem of the late soybean variety (Oshoku-Aki)]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 27(1):83-86. Sept. [1 ref. Jap; eng]
• Summary: “Experimental results obtained may be
summarized as follows:

“(1) There is a critical photoperiod between 15 and 16
hours for the flowering of Oshoku-Aki soybean. (Fig. 2, 3).
“(2) The time of flower primordia formation of OshokuAki soybean plant is not determined only by the gradual
change of photoperiod such as the succession of seasons.
(Fig. 2).
“(3) The time of expansion of leaves on the main stem
is not affected by the photoperiod within the limits of 10-16
hours. (Fig. 3).
“(4) The time of flower primordia formation and
flowering and the expansion of leaves on the main stem is
more hastened by high temperatures (26º-30ºC) than by low
temperatures (14º-26ºC). But, these are hastened no longer
by temperature higher than 30ºC. (Fig. 4, 5, 6, 7).
“(5) The rate of hastening time of flower primordia
formation and flowering caused by high temperature is
nearly equal to that of expansion of leaves on the main stem.
(Fig. 4, 5, 7).” Address: Faculty of Agriculture, Utsunomiya
Univ.
1402. Urano, Keishi; Nagase, Y.; Oguchi, T. 1958. [Effect of
soil moisture content at various growing periods on growth
and yield of soybean. I. Changes of growth, flowering,
fruiting, exudation and water requirement as affected by
abundant and deficient soil moisture content]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 27(1):99-102. Sept. [11 ref. Jap; eng]
• Summary: “The difference of growth, flowering, podsetting, fruiting, exudation and water requirement of
soybean as affected by changed of soil moisture content was
investigated by pot culture, in 1956 and 1957.
“(1) In DW, Wet condition of soil (75% of maximum
water capacity) in seedling period decreased dry weight
of roots, amount and nitrogen content of exudation-sap in
the period of flowering to fruiting, and then decreased the
percentage of pod-setting and yield of grain.
“(2) Wet condition of soil (DW and WD) in previous
period of flowering did not affect the yield of grain.
“(3) In DW and WD, wet condition of soil in flowering
period increased dry weight of roots and efficiency of
exudation, amount and nitrogen content of exudaton-sap,
number of flowers, and then increased the percentage of podsetting, number of pods and grain, and yield of grain.
“(4) Wet condition of soil (DW and WD) in fruiting
period increased amount and nitrogen content of exudationsap in late growing period, and then increased weight of 100
grains. In the only case of DW, the treatment increased yield
of grain.
“(5) Abundant soil moisture content in culture of
soybean increased water requirement. In this study, the
effects of deficient soil moisture content (45% of maximum
water capacity) are contrary to the effects of abundant
soil moisture content and the result in the former was
abbreviated.” Address: Nagano Agric. Exp. Station.
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1403. Vander Wal, R.J. 1958. A note on glyceride structure:
Specific, random, and restricted-random distribution:
technical. J. of the America Oil Chemists’ Society 35(9):483.
Sept.
Address: Armour & Co., Chicago, Illinois.
1404. Johnson, Herbert W.; Means, U.M.; Clark, F.E.
1958. Factors affecting the expression of bacterial induced
chlorosis of soybeans. Agronomy Journal 50(10):571-74.
Oct. [4 ref]
• Summary: “Synopsis: The expression of bacterial-induced
chlorosis in several varieties of soybeans was affected by
the concentration and proportions of major nutrients, by
different sand substrates, and other plant treatments. The
most susceptible varieties developed light to severe chlorosis
in all treatments. Less susceptible varieties developed light
to moderate chlorosis in most treatments but appeared to
be completely resistant in others. Two varieties previously
classed as completely resistant developed chlorosis in some
treatments.”
“Materials and methods: Six varieties of soybeans were
grown in sand-nutrient cultures in a shaded greenhouse.
Varieties employed, and their previously reported (3
[Erdman et al. 1957]) susceptibilities to chlorosis in the
presence of selected rhizobia, were as follows: Lee, severely
chlorotic; Clark and Hawkeye, light to moderately chlorotic;
Blackhawk, Harosoy, and CNS, non-chlorotic.” Address: 1,
Research Agronomist; 2. Bacteriologist; 3. Microbiologist.
All: Crops and Soil and Water Conservation Research
Divisions, ARS, USDA, Beltsville, Maryland.
1405. Howell, Robert W.; Cartter, Jackson L. 1958.
Physiological factors affecting composition of soybeans.
II. Response of oil and other constituents of soybeans to
temperature under controlled conditions. Agronomy Journal
50(11):664-67. Nov. [16 ref]
• Summary: The oil content of soybean seeds averaged
23.2%, 20.8%, and 19.5% when day temperatures of
85ºF, 77ºF, and 70ºF, respectively, were used during the
pod-filling stage. A day temperature of 85ºF for one week
during this period increased oil content from 19.6% to 22%.
Temperature changes affected mostly the triglyceride portion
of the oil. Address: U.S. Regional Soybean Lab., Urbana,
Illinois; Plant Physiologist and Agronomist, respectively,
Crops Research Div., ARS, USDA.
1406. McAlister, Dean F.; Krober, Orland A. 1958. Response
of soybeans to leaf and pod removal. Agronomy Journal
50(11):674-77. Nov. [9 ref]
• Summary: Pod removal: When up to 22% of the pods of
Lincoln soybeans, or up to 17% of the pods of Hawkeye
soybeans were removed, compensating increases in seed
weight occurred and yields were close to the maximum.

Sugars, starch, and proteins accumulated in the leaves and
stems of the plants which had 80% of the pods removed. Pod
removal increased the seed protein content and decreased the
oil content and its iodine number.
Defoliation: Seed yields of plants with 80% artificial
defoliation were reduced by nearly 50% and yields of plants
with 40% defoliation by 21%. Severe defoliation (80%)
decreased the protein content and raised the oil iodine
number of the seed. Address: U.S. Regional Soybean Lab.,
Urbana, Illinois.
1407. Camper, H.M.; Smith, T.J. 1958. The effect of date of
planting, rate of planting, and width of row on two soybean
varieties. Virginia Agricultural Experiment Station, Research
Report No. 21. p. 1-27. Dec. *
1408. Carter, Herbert E.; Gigg, R. H.; Law, J.H.; Nakayama,
T.; Weber, E. 1958. Biochemistry of the sphingolipides. XI.
Structure of phytoglycolipide. J. of Biological Chemistry
233(6):1309-14. Dec. [6 ref]
• Summary: In soybeans and corn. “In a previous paper (2)
we described the isolation from plant seed phosphatides of
a novel phytosphingosine-containing phosphoglycolipide
and reported that this material contained phytosphingosine,
fatty acid, phosphate, inositol, glucosamine, hexuronic acid,
galactose, arabinose, and mannose. It is the purpose of this
report to describe degradation studies which have led to the
establishment of a partial structure for this complex lipide
which we have designated phytoglycolipide.”
“Part of the material in this paper was taken from the
thesis submitted by John H. Law to the Graduate College
of the University of Illinois in partial fulfillment of the
requirements for the degree of Doctor of Philosophy in
Chemistry. A preliminary report of this work has been
published (1).” Address: Div. of Biochemistry, Noyes
Laboratory of Chemistry, Univ. of Illinois, Urbana, Illinois.
1409. Kawatake, M.; Nishimura, G.; Shimura, K.; Ishida,
R. 1958. [Studies on the root development of forage crops.
II. Difference of root distribution in immature soybean,
common vetch, and red clover influenced by the method
of fertilizer placement. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan)
27(2):293-94. Dec. [5 ref. Jap; eng]
• Summary: “The root samples were taken by Monolith
method from plots to which fertilizer was applied in row and
broadcast. The root distribution influenced by the method
of fertilizer placement varied according to the kind of crops
(Fig. 1). On the top and root growth of immature soybean,
there was no distinct tendency between two fertilizer
placements. In common vetch, the top and root growth
was better in row application. In red clover, it was better in
broadcast application. The most part of the roots distributed
in 6 cm depth from the surface of the soil in immature
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soybean and red clover, and 15 cm in common vetch (Fig.
2). The root of immature soybean penetrated into the subsoil
about 60 cm deep, but that of others did about 40 cm deep.
In general the tap roots penetrated deeper in broadcast
application (Table 1).” Address: Tokai-Kinki Agric. Exp.
Station.

and dry matter production.
“(4) Growth and yield of soybean plants sown between
rows of wheat is possibly influenced to greater extent by
condition, especially intensity of radiation at the time of
before and after the harvest of wheat.” Address: Tohoku
Agric. Exp. Station.

1410. Nelson, C.D.; Perkins, H.J.; Gorham, P.R. 1958. Note
on a rapid translocation of photosynthetically assimilated C14
out of the primary leaf of the young soybean plant. Canadian
J. of Biochemistry and Physiology 36(12):1277-79. Dec. [2
ref]
• Summary: “Vernon and Aronoff (1) have shown that
photosynthetically assimilated C14 is translocated downward
in soybean plants chiefly in the form of sucrose and at a
velocity of 84 cm per hour. The present work describes
experiments which arose out of attempts to identify, by
autoradiography, the tissue of the soybean plant in which
such translocation occurs. In an attempt to locate the “front”
of the radioactivity the time allowed for translocation was
progressively shortened from 15 minutes to 30 seconds.
Surprisingly, however, the true “front” could not be located
since even in 30 seconds small amounts of C14 could be
extracted from the stem immediately above the root. Whether
this C14 was translocated as carbon dioxide or as an organic
compound and whether it was localized in any particular
tissue have not been determined. This note demonstrates
that the velocity of this rapid translocation is at least twenty
times greater than that reported for sugars.” Address: Div.
of Applied Biology, National Research Council, Ottawa,
Canada.

1412. Suetsugu, Isao; Anaguchi, Ichiryo; Kumano, S. 1958.
Studies on the soybean cultured on levee of paddy field. I.
Differences of microclimate and growth habit of soybean
cultured between on levee of paddy field and in upland, and
influence of the height of levee on the growth and yield of
soybean. Nippon Sakumotsu Gakkai Kiji (Proceedings of the
Crop Science Society of Japan) 27(2):307-08. Dec. [1 ref.
Jap; eng]*
Address: Faculty of Agriculture, Utsunomiya Univ.

1411. Oizumi, Hisakazu; Mikoshiba, Haruo. 1958. [On
the growth of soybean plants sown between rows of
wheat plants, especially on the difference of physiological
condition of soybean plants before and after the harvest of
wheat]. Nippon Sakumotsu Gakkai Kiji (Proceedings of the
Crop Science Society of Japan) 27(2):312-14. Dec. [5 ref.
Jap; eng]
• Summary: “We examined the difference in the growth
process of soybean plants sown between rows of wheat
plants and sown in the naked land.
“(1) Soybean plants growing between rows of wheat are
more or less hygrophytic type, but after the harvest of wheat
the growth becomes temporary slow and afterwards they
grow well. In the late stage, the plants are in better condition
than the ones sown in the naked land.
“(2) The most important stage in the growth of soybean
plants sown between rows of wheat is before and after the
harvest of wheat. Especially carbohydrate content of the
plants was markedly increased.
“(3) The increase of carbohydrate content in this stage is
due to the higher ability of the carbon assimilation and to the
less consumption of carbohydrate in the nitrogen metabolism

1413. Belikov, I.F. 1958. [Redistribution of assimilates in the
leaf blade of the soyabean plant]. Doklady Akademii Nauk
SSSR (Proceedings of the Academy of Sciences of the USSR)
120(4):904-06. [6 ref. Rus]*
• Summary: The author’s earlier studies showed that
soybean leaf assimilates are not translocated from one leaf
to another of similar age but are carried to meristematic
tissues (leaves or other organs). These experiments showed
that the products of photosynthesis are not circulated within
the leaf (even if part of the lamina is perishing under a
deficiency of light) but are translocated through the petiole to
growing organs. The author believes that because of this crop
yields can be increased by a planting system which ensures
illumination of the leaf surface by direct rays of the sun.
Address: Far-East Filial Academy of Sci., USSR.
1414. Belikov, I.; Kosteckii, E. 1958. [The distribution
of photosynthetic products in the soyabean plant at early
phases of its development]. Doklady Akademii Nauk SSSR
(Proceedings of the Academy of Sciences of the USSR)
119(6):1236-39. [6 ref. Rus]*
• Summary: In the soybean, there is a tendency toward local
distribution of assimilates; the assimilates are translocated
from their source to the nearest part of the plant where they
are needed. Leaves at different levels on the stem supply
assimilates to the developing reproductive organs which
they subtend. This occurs not only during the reproductive
phase, but also in earlier stages of development. Prior to the
reproductive phase, the nutrients are translocated from leaves
of the lower levels to the lower parts of the plant; from the
upper leaves the assimilates are translocated to young leaves
and stem apices, while from the central layers of leaves the
nutrients are dispersed to both the upper and lower parts of
the plant. Address: Far-East Filial Academy of Sci., USSR.
1415. Hernández-Medina, E.; Lugo-López, M. 1958.
Observations on the boron-manganese relationships in
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soybean and corn plants. J. of Agriculture, University of
Puerto Rico 42(1):27-34. [6 ref]*
Address: Univ. of Puerto Rico, Rio Piedras, Puerto Rico.
1416. Institut National pour l’Étude Agronomique du Congo
Belge. 1958. Soyabeans. Rapport Annuel (Bruxelles) 548 p.
Pour l’exercice 1956. See p. 107-09, 387, 419, 504, 509. [84
ref]*
• Summary: At Yangambi, 16 varieties of soybeans were
sorted into maturity groups, but seasonal differences
complicated relative yield assessments (p. 107-09).
At Kiyaka, 3 varieties of K 92, as well as Otootan 70
and 8 Java 3334, yielded more than 1,000 kg/ha in each of 2
consecutive seasons (p. 387).
At Keyberg, SH 034, Yellow 1151, and SH 031 yielded
more than 10,000 kg/ha of green forage (p. 419).
At Rubona, first-season yields were 1,188 to 1,556 kg/
ha, followed by second-season yields of 721 to 1,118 kg/
ha (p. 504), while the best variety, Palmetto, under peasant
conditions yielded 1,498 kg/ha of dried beans in the first
season (p. 509).
1417. Mattson, F.H.; Lutton, E.S. 1958. The specific
distribution of fatty acids in the glycerides of animal and
vegetable fats. J. of Biological Chemistry 233:868-71. [19
ref]
• Summary: “The structure of naturally occurring
triglycerides has been studied over a number of years with
little agreement about the distribution of the fatty acids,
except as to the prevalence of mixed glycerides. Several
types of arrangement, for example, even, random, partial
random, and restricted random, have been proposed and
defended. Hilditch (I) and Bhattacharyya (2) have recently
reviewed the bases of these various theories. One reason that
a number of theories developed has been the lack of suitable
methods for the isolation and...”
Note: Soybean oil is mentioned 3 times in comparison
with other vegetable and animal oils. Address: Procter &
Gamble Co., Miami Valley Labs., Cincinnati, Ohio.
1418. Noggle, J.C.; Brown, D.A. 1958. The effect of
magnesium upon the absorption of calcium and potassium by
soybeans (Abstract). Proceedings of the Annual Convention
of the Association of Southern Agricultural Workers 55:63. *
1419. Rothamsted Experimental Station, Annual Report
(Harpenden, Great Britain). 1958. Chelated iron complexes
as sources of iron in solution culture. 316 p. For the year
1957. See p. 83-84. *
• Summary: To prevent iron-deficiency symptoms in
soybean shoots, 0.5 parts per million (ppm) of iron in the
form of ethylenediamine NN’bis (hydroxyphenyl acetic acid)
was necessary compared with 1 ppm of iron in either of 3
other forms.

1420. Spooner, A.E.; Brown, D.A.; Cloutier, H.; Spurgeon,
W.I. 1958. Water requirements of cotton and soybeans
under different nitrogen levels (Abstract). Proceedings
of the Annual Convention of the Association of Southern
Agricultural Workers 55:76-77.
• Summary: On the cover: “55th Annual Convention held in
Little Rock, Arkansas, Feb. 3, 4, 5, 1958.” This abstract is in
the “Agronomy Section.”
“Greenhouse experiments have been conducted on
cotton and soybeans grown on two major soil types to
determine their water requirements at different nitrogen
levels. The nitrogen treatments were: 0, 33, 66, 99, 132 and
264 pounds N per acre for cotton and 0, 17, 33, 66, 99 and
132 pounds N per acre for soybeans. Measurements recorded
were the grams of water required to produce one gram of dry
plant material and is expressed as the ‘transpiration ratio...’
“The transpiration ratios of soybeans grown on the
Ruston soil were significantly lowered from 557 to 448 and
443 as a result of the application of 17 and 33 pounds of
nitrogen, respectively. The 99 and 132 pound rates increased
the ratio, with the 132 pound rate being significantly higher
than the no nitrogen treatment.
“The same magnitude of decrease in the transpiration
ratio of soybeans was obtained on the Sharkey soil; however,
the higher rates of nitrogen did not significantly increase
the ratio over that of the no nitrogen treatment.” Address:
Arkansas Agric. Exp. Station.
1421. Brown, D.A.; Martini, J.A. 1958. The effect of plant
age, exchangeable magnesium, and magnesium fertilization
on the uptake of magnesium by soybean plants (Abstract).
Agronomy Abstracts 50:19.
• Summary: “Soybeans were grown for 2-, 4-, 6-, 8-,
and 10-week periods in aliquots of Centerton silt loam
soil containing 50 and 250 pounds per acre exchangeable
Mg. When the plants had reached these respective ages,
fertilization with MgSO4 (tagged with Mg28) at rates of
50, 150, and 250 pounds per acre was carried out. A 5-day
uptake period was allowed, after which the amount of
absorbed Mg from both the soil and fertilizer source was
determined. The total Mg absorbed increased from 0.02 me,
for the 5-day-old seedlings to 8.18 me. for the 10-week-old
plants. The Mg content for the plant roots decreased from
1.15% for the 2-week-old plants to 0.43% for the 10-weekold plants; similarly, the percentage in the tops decreased
from 0.79 to 0.50% for the 2- and 10-week-old plants,
respectively. The percentage of the total Mg absorbed by the
roots that was derived from the fertilizer source remained
relatively constant at 6% for all ages. This was also true for
the tops of the plants, the average value being 2.5%. The
absorption of Mg from the fertilizer source was increased
as the rate of Mg fertilizer was increased from 50 to 250
pounds per acre for all plant ages; the effect of the Mg
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fertilization being greatest for the soil with 50 pounds per
acre exchangeable Mg. Detail data, showing the interaction
of plant age, level of exchangeable Mg, and rate of Mg
fertilization are reported.” Address: Arkansas Agric. Exp.
Station.
1422. Burau, R.G.; MacGregor, J.M. 1958. A soil study of
soybean chlorosis on some calcareous soils of Minnesota
(Abstract). Agronomy Abstracts 50:19.
• Summary: “Plant tissue analysis was made for iron,
manganese, calcium, potassium, and phosphorus.
“Because of the irregular and unpredictable occurrence
of chlorotic areas in soybean fields, experimental locations
in 1956 and in 1957 were selected and various treatments
were applied after plant emergence. The problem is located
primarily on the soils of the Red River Valley which are
derived from calcareous lacustrine parent material and
generally have pH values above 7.0. Because the general
appearance of the chlorotic plants was similar to that of
high-lime iron chlorosis, various forms of iron were applied
to the soil as band applications along 10 to 20 feet of row
at rates varying from 0.5 to 10 pounds of elemental iron per
acre. Fritted iron and plastic-coated ferrous sulfate neither
corrected the chlorotic condition nor increased soybean
yields. Two iron chelates, DTPA and an APCA derivative,
produced a greening effect on all fields within 2 weeks, and
generally increased soybean yields. Chemical analyses of
soybean tissues were made for iron, manganese, calcium,
potassium, and phosphorus to try to define more clearly the
chlorosis and the effect of the added iron.” Address: Univ. of
Minnesota [St. Paul].
1423. Downs, R.J.; Borthwick, H.A.; Piringer, A.A. 1958.
Comparison of incandescent and fluorescent lamps for
lengthening photoperiods. Proceedings of the American
Society for Horticultural Science 71:568-78. [16 ref]
• Summary: The response of various long-day, short-day,
and indeterminate plants of supplemental light obtained from
unfiltered incandescent or fluorescent lamps were studied.
Biloxi and Agate soybeans produced taller plants under
incandescent than under fluorescent light. Address: U.S. Dep.
of Agriculture, Beltsville, Maryland.
1424. Howell, R.W. 1958. Respiration of immature soybean
seed as related to synthetic activities (Abstract). Agronomy
Abstracts 50:54.
• Summary: “Respiration of immature seeds has been
studied using standard manometric techniques for the
measurement of oxygen and carbon dioxide exchange.
Oxygen uptake of individual seeds is essentially constant
during most of the developmental period. Increasing to about
25 microliters per hour per seed by the time a dry weight
of 20 mg. per seed is attained, and remaining at this level
until seed reach 130 mg. dry weight or about 80% of final

weight, after which it decreases. Carbon dioxide production
shows more variation than oxygen uptake. C02 production
increases steadily until it reaches about 90 microliters per
seed per hour when the seed dry weight is about 50 mg.
CO2 production continues at this rate until seed weight is
about 80 mg. after which it decreases rapidly so that in the
final stages of seed development CO2 production and O2
uptake are essentially equal. The high R.Q. (ratio CO2/
O2) during the first half of seed development is typical of a
metabolic system which is synthesizing compounds of higher
energy level than carbohydrates. The period of high R.Q.
coincides with the period of rapid increase in oil percentage
of developing seed and approaches the theoretical level
for synthesis of oil from carbohydrate. Sensitivity of oil
content of soybean seed to temperature during the first half
of the pod-filling period may be due to temperature response
characteristics of the seed respiratory system.” Address:
USDA Agricultural Research Service.
1425. Kahn, J.S.; Hanson, J.B. 1958. The uptake of
potassium and calcium by corn and soybean roots as a
function of exchangeable ion (Abstract). Agronomy Abstracts
50:55.
• Summary: “By the use of radioactive tracers the rate of
Ca and K accumulation by corn and soybean roots has been
studied as a function of the actual amounts of these ions on
the exchange sites of the living root. Calcium predominates
as the exchangeable cation and is relatively more abundant
on the soybean roots, which possess the higher cationexchange capacity. However, experiments in which the
Ca/K ratios were altered, or in which the ratios were held
constant and concentrations altered, fail to disclose any
direct relationship between the amount of exchangeable ion
and the rate of accumulation. It is concluded that the gross
exchangeable cation of a root plays no part in active ion
uptake, and that some explanation other than high cationexchange capacity must be sought to explain the preferential
calcium absorption of legumes.” Address: Univ. of Illinois.
1426. Mederski, H.J.; Hoff, D.J. 1958. Manganese deficiency
in soybeans. In: C.A. Lamb, O.G. Bentley & J.M. Beattie,
eds. 1958. Trace Elements: Proceedings of the Conference
Held at the Ohio Agricultural Experiment Station, Wooster,
Ohio. New York: Academic Press Inc. xii + 410 p. See p. 99108. Held 14-16 Oct. 1957. [18 ref]
• Summary: I. Introduction. II. Correction of Manganese
Deficiencies by Foliar Application. A. Rate of Absorption.
B. Effect of Temperature and Vapor Pressure Gradient on
Absorption. C. Manganese Rates and Solution Volumes. III.
Correction of Manganese Deficiency with Soil Applications.
IV. Manganese Deficiency in Relation to Soil Moisture and
Soil Temperature. V. Summary.
“Manganese deficiency in soybeans is easily detected by
the characteristic foliar [chlorotic mottling of the leaves with
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islets of light green tissue scattered between dark green leaf
veins] symptoms exhibited. The small quantity of manganese
required, the rapid absorption of foliar-applied manganese,
and the rapid recovery by the plant are factors conducive to
correction by foliar application.”
Where a manganese deficiency is known to exist, 30 lb.
per acre of manganese sulfate applied in the rows at planting
was found adequate. Address: Ohio Agric. Exp. Station,
Wooster, Ohio.
1427. Rutherford, B. Elaine; Pretty, K.M. 1958. The nutritive
value of corn and soybeans as influenced by soil treatment
(Abstract). Agronomy Abstracts 50:25.
• Summary: Applications of lime, phosphorus, and
potassium increased only the phosphorus content of the
crops.
“Corn and soybeans were grown on an extremely
infertile sandy loam soil to which had been applied large
amounts of lime, phosphorus, and potassium in a complete
23 factorial design. The second year following soil treatment,
samples of these crops supplemented with corn oil and
vitamins were fed to 128 albino rats for a period of 7
weeks. Each diet, representing one of the 8 soil treatment
combinations, was fed to 8 rats. The nutritive value of the
feeds was assessed by weight gain, nitrogen digestibility,
and the calcium and phosphorus level of the leg bones of
the experimental animals. Bone composition was the only
value in which significant differences were found as a result
of feeding the various samples. Chemical analysis of the
feeds indicated that the phosphorus content was increased
considerably as a result of soil treatment whereas the content
of other major constituents was not appreciably changed.”
Address: Michigan State Univ.
1428. Wargel, C.J.; Howell, R.W. 1958. Effects of gibberellin
on soybeans under field conditions (Abstract). Agronomy
Abstracts 50:58.
• Summary: “The effect of gibberellin on soybeans under
field conditions was studied using potassium gibberellate
for seed treatment and foliage application. Seed treatment
with 15 micrograms per seed resulted in emergence 2 days
earlier than control. The faster emergence was accompanied
by increased injury rate and reduced stands. The greatest
effect of seed treatment was obtained under cool soil
temperatures (70ºF. or less). Lower parts of seed treated
plants elongated more than similar parts of untreated
plants. Foliage application was made at pre-flowering, fullflowering, and post-flowering stages and at all three of these
stages. Increased stem elongation was observed within 2
days after spraying, but after 2 weeks little difference in
height was noticeable. At maturity the seed treated plants
had all attained about the same height as had the plants
receiving foliage application. Oil and protein content, yield,
and maturity were changed very little by either seed or

foliage treatment. Lodging was slightly increased in plants
receiving application at the time of full flowering. Fresh and
dry weights of vegetative material of a ‘hay’ variety were not
affected by gibberellin.” Address: Illinois Agric. Exp. Station
and USDA Agricultural Research Service.
1429. Raggio, Nora; Raggio, Miguel; Burris, R.H. 1959.
Enhancement by inositol of the nodulation of isolated bean
roots. Science 129(3343):211-212. Jan. 23. [16 ref]
• Summary: “The percentage of isolated bean roots
nodulated and the number of nodules per root were increased
by the addition of mesoinositol to the agar medium into
which the bases of bean roots were inserted.” Address: Dep.
of Botany, Univ. of California, Berkeley 4, California.
1430. Johnson, Herbert W.; Means, U.M.; Clark, F.E. 1959.
Responses of seedlings to extracts of soybean nodules
bearing selected strains of Rhizobium japonicum. Nature
(London) 183(4657):308-09. Jan. 31. [5 ref]
• Summary: Table 1 shows “Susceptibility of seedlings of
various species to a chlorosis factor in selected soybean
nodules.” Four levels of susceptibility are given: severely
chlorotic, moderately chlorotic, slightly chlorotic, and
questionably chlorotic. Address: Agricultural Research
Service, USDA, Beltsville, Maryland.
1431. Brown, J.C.; Tiffin, L.O.; Holmes, R.S.; Specht, A.W.;
Resnicky, J.W. 1959. Internal activation of iron in soybeans
as affected by root growth medium. Soil Science 87(2):8994. Feb. [24 ref]
• Summary: Some plants will absorb less iron and will even
develop an iron chlorosis when relatively high concentrations
of P, Ca, Ni, Cu and Mn are present in the growth medium.
“Summary: Using a split-root technique, it was possible
to demonstrate an internal inactivation of Fe in PI-54619-51 soybeans (PI), principally from the combined effects of P
and Ca. Ca stimulated root growth, increased the absorption
and translocation of P and Ca to the above-ground parts,
but decreased the absorption and translocation of Fe in the
presence of P.
“A varietal difference in susceptibility to induced Fe
deficiency was again observed. Hawkeye soybean (HA)
remained green under conditions which induced Fe chlorosis
in PI. This indicates a difference in the capacity of these
two soybean varieties to absorb and hold Fe mobile in an
environment which appears conducive to inactivation. Both
foliar applied and soil Fe were affected. Quantity or quality
of natural iron chelators in the plant is postulated as the
factor responsible for this difference.” Address: USDA.
1432. Huffaker, R.C.; Wallace, A. 1959. Variation in root
cation exchange capacity [C.E.C.] within plant species.
Agronomy Journal 51(2):120. Feb. [4 ref]
• Summary: “Although the data in this report are not
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intended to resolve the above differences, it can be pointed
out that in general the factors causing differences in root
C.E.C. are also reported to be factors resulting in differences
in relative amounts of cations absorbed by plants. Again the
relationships are circumstantial.”
Note: A cation is a positively charged ion; one that
would be attracted to the cathode in electrolysis. Address:
Dep. of Horticultural Science, Univ. of California, Los
Angeles.
1433. Fukui, J.; Ojima, M.; Yarimizu, H. 1959. [The
influence of soil heaping at the lower part of stem upon bud-,
flower-, and pod-shedding in soybean]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 27(3):377-78. March. [7 ref. Jap; eng]
• Summary: The number of pods per plant at ripening time
and the seed yield was increased by heaping soil three times.
Address: Kanto-Tosan Agric. Exp. Station.
1434. Hendricks, S.B.; Borthwick, H.A. 1959. Photocontrol
of plant development by the simultaneous excitations of
two interconvertible pigments Proceedings of the National
Academy of Sciences, USA 45(3):344-49. March 15.
Symposium on Nucleic Acids and Nucleoproteins.
Address: USDA/ARS, Plant Industry Station, Beltsville,
Maryland.
1435. Huffaker, R.C.; Wallace, A. 1959. Sodium absorption
by different plant species at different potassium levels. Soil
Science 87(3):130-34. March. [11 ref]
• Summary: “Plant species differences and K levels in the
nutrient solution have generally been considered the major
factors, other than Na level, influencing Na absorption by
plants.” Address: Univ. of California, Los Angeles.
1436. Hartwig, Edgar E. 1959. Effect of target spot on yield
of soybeans (Open Access). Plant Disease Reporter (USDA)
43(4):504-05. April 15.
• Summary: “Leaf spotting of susceptible varieties and
experimental lines of soybeans caused by target spot,
Cornyespora cassiicola (Berk. & Curt.) Wei, has been
observed in all the southeastern States. In the Delta area of
Mississippi susceptible varieties were infected each year
from 1949 through 1958. Observations in 5 years, 1949,
1950, 1951, 1957, and 1958, suggest that losses from
target spot in experimental plantings ranged from 18 to
32 percent. Rainfall during August and September of the
other 5 years was below normal, and the disease did not
develop sufficiently to cause defoliation. The estimates
of losses reported were obtained from natural infections.
Nearly all of the soybean acreage in the Delta area is planted
with varieties resistant to target spot. The results reported
emphasize the value of this resistance.
“The estimates in 1949 and 1957 were based upon

comparative yields of resistant and susceptible varieties
known to produce comparable yields when the disease was
absent or present in small amounts. In 1949, two highly
susceptible varieties produced 30 percent less than resistant
varieties at Stoneville, Mississippi. In 1957, susceptible
varieties averaged 18 percent less than resistant varieties at
Stoneville.” Address: Stoneville, Mississippi.
1437. Crombie, M.W.; Ballance, P.E. 1959. Synthesis of
long-chain fatty acids from 2-14C-acetate and 14C-glucose in
Trichoderma viride. Nature 183:1195-96. April 25.
• Summary: Trichoderma viride is a fungus.
1438. Bernard, R.L. 1959. Soybean breeding. Soybean News
(NSCIC) 10(1):1-2. April.
• Summary: “Soybeans are a naturally self-pollinated crop,
and therefore breeding methods are essentially the same as
those used for wheat and oats. The first step in developing
an improved variety is choosing the parents to be used in
crossing. The U.S. Regional Soybean Laboratory has a
‘Germ Plasm Bank’ of about 3,000 strains collected mainly
from Manchuria, China, and Japan. Many of these strains
have some outstanding traits, such as disease resistance or
high oil content, that breeders can use in crosses to improve
soybean strains for particular areas of adaptation. The
plants in this collection are evaluated and made available to
soybean breeders throughout the country.
“The next step is making the actual cross-pollination.
Before natural pollination occurs, the small flower bud must
be opened and the pollen-bearing structures called stamens
are removed with a small pointed pair of forceps. Pollen is
then applied from an open flower of another variety with
which the cross is to be made. Many such pollinations are
not successful, but under good conditions about one seed is
obtained for every hand pollination.
“Sometimes ‘backcrossing’ is done in cases where it is
desired to transfer such traits as disease resistance or seed
coat color, which are inherited in a simple manner and easily
evaluated, to an otherwise excellent variety. To do this the
variety is crossed to any strain with the desired trait and
the plant that is produced is then ‘backcrossed’ back to the
variety we wish to improve. This process is repeated for
several generations.
“The final step in producing a new variety is testing,
selecting, and retesting the many different strains obtained
from each cross. Field and laboratory testing are both used
extensively, so that high-yielding lines will have also been
evaluated for protein and oil content and other characteristics
that make the variety valuable to industry. After a year or two
of testing, the best strains are used in the regional Uniform
Tests, which are grown at 20 to 30 locations throughout the
Soybean Belt.
“These tests show the reaction of the strains to diverse
soil, fertility, and cultural conditions, and their resistance to
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lodging and shattering under widely different rainfall and
drouth conditions. Detailed information is also obtained on
resistance to diseases occurring in the various sections of
the country. Testing over a wide geographical range makes
it possible to select strains with wide areas of adaptation,
and reduces the time necessary to evaluate the possible
performance of strains in any one area.
“Strains that perform best under the varied conditions
imposed by the Uniform Tests are considered for rapid
increase of seed and eventual release by interested state
experiment stations. Strains are frequently in as many as 100
tests over three to six years before being recommended to
farmers. Recommended soybean varieties have undergone
this method of evaluation prior to their recommendation. A
report of the performance of these recommended varieties
for your area may be obtained from your Agricultural
Experiment Station.” Address: Research Agronomist, U.S.
Regional Soybean Lab. (Univ. of Illinois).
1439. Nelson, C.D.; Gorham, Paul R. 1959. Physiological
control of the distribution of translocated amino acids and
amides in young soybean plants. Canadian J. of Botany
37(3):439-47. May.
• Summary: “Each of 10 C14-labelled amino acids or amides
was introduced into young soybean plants through the cut
petiole of one primary leaf. The compounds used were
asparagine, glutamine, urea, aspartic acid, glutamic acid,
glycine, serine, alanine, norleucine, and arginine. The rates
of uptake of all the solutions except arginine were in the
range 1.0 to 1.5 μl per minute. After 1 to 5 minutes, the
distribution of C14 throughout the plants was determined.”
Address: Div. of Applied Biology, National Research
Council, Ottawa, Canada.
1440. Bernard, R.L.; Cartter, J.L. 1959. Steps in developing a
new soybean variety. Soybean Digest. June. p. 24-25.
• Summary: “Soybeans are native to eastern Asia, where
they have been cultivated for over 5,000 years. They were
first introduced into the United States on a large scale about
60 years ago.
“Most early varieties were produced as selections from
these introduced strains. Such varieties as Illini, Dunfield,
Richland, Manchu, Patoka, and the hay types, Wilson and
Virginia, originated in this way.
“The first soybean variety for Illinois developed by
selection following crossing was Chief, selected from the
cross Illini x Manchu and released by the Illinois Agricultural
Experiment Station in 1940. All presently recommended
varieties in Illinois have been selected from crosses.
“First Step: Soybeans are a naturally self-pollinated
crop (less than 1% of the flowers are fertilized with pollen
carried by insects from other plants), and therefore breeding
methods are essentially the same as those used for wheat and
oats.

“The first step in developing an improved variety
is choosing the parents to be used in crossing. The U.S.
Regional Soybean Laboratory, with headquarters located at
the University of Illinois, has a ‘Germ Plasm Bank’ of about
3,000 strains collected mainly from Manchuria, China, and
Japan. Most of these strains are poor in general agronomic
desirability, but many have some outstanding trait, such as
disease resistance or high oil content, that breeders can use in
crosses to improve soybean strains for commercial growing.
These plant introductions are evaluated and made available
to soybean breeders throughout the country.
“Second Step: The next step is making the actual crosspollination. Before natural pollination occurs, the small
flower bud must be opened and the pollen-bearing stamens
removed with a small pointed pair of forceps. Pollen is
then applied from an open flower of another variety with
which the cross is to be made. Many such pollinations are
not successful, but under good conditions about one seed is
obtained for every two or three hand pollinations.
“Sometimes backcrossing is done in cases where it is
desired to transfer such traits as disease resistance or seed
coat color, which are simply inherited and easily evaluated,
to an otherwise excellent variety. The variety is crossed to
any strain with the desired trait, the plant that is produced is
‘back-crossed’ to the variety, and this process is repeated for
several generations.
“Final Step: The final step in producing a new variety
is testing, selecting, and retesting the many different strains
obtained from each cross. In the second generation (F2)
following crossing, individual plants of the segregating
population are selected for such traits as disease resistance,
seed color, and resistance to lodging and shattering. These
plants are classified into maturity groups, and the progeny
of each plant is planted in a row at a location suitable for its
maturity.
“In the F3 generation and again in the F4, the best
appearing plants from the best appearing rows are selected.
Strains from F3 or F4 plants are usually sufficiently uniform
for preliminary yield testing in replicated plots at several
locations in the state.
“In addition to agronomic evaluation, chemical
evaluation is carried on concurrently so that high-yielding
lines have also been evaluated from protein and oil content
and other characteristics that make the variety valuable to
industry.
“After a year or two of testing and possible reselection,
the best strains are entered in regional preliminary tests
and grown at one or two locations in several states to more
thoroughly evaluate their potential performance.
“The best strains from the preliminary tests are entered
in the regional uniform tests, which are grown at 15 to 25
locations throughout the soybean belt.
“These tests show the reaction of the strains to diverse
soil, fertility, and cultural conditions, and their resistance to
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lodging and shattering under widely different rainfall and
drought conditions. Detailed information is also obtained
on resistance to diseases occurring in the various sections of
the country. Testing over a wide geographical range makes it
possible to select strains with wide areas of adaptation, and
the relative potential performance of strains in any one area
can be estimated in a shorter time.
“Recommended Varieties: Strains that perform best
under the varied conditions imposed by the uniform tests
are considered for simultaneous increase and release by
interested state experiment stations. Strains are frequently
in as many as 100 tests over 3 to 6 years before being
recommended to farmers. All presently recommended
soybean varieties in Illinois have undergone this method of
evaluation prior to their recommendation. A report of the
performance of these recommended varieties appears in
Illinois Agricultural Experiment Station Circular 760.
“The table [in the circular], based on data from the
Cooperative Crop Reporting Service, shows the percentage
of the total soybean acreage in Illinois that each soybean
variety occupies. Lincoln was released in 1944 and, partly
because of its higher yield and superior lodging resistance,
rapidly replaced other varieties of comparable maturity. Now
Lincoln has been largely replaced by superior varieties more
recently released.
“No new variety is released for commercial production
unless it has been proved, through extensive testing, to be
superior in one or more characters to existing varieties it
is designed to replace. It takes about 10 years to produce a
soybean variety from the initial cross to the time it is made
available to farmers.
“Variety development has made possible the
establishment and rapid expansion of the soybean as a
grain crop in the Midwest. Present breeding work will aid
in further expanding the crop by increasing production
efficiency and reducing the threat of new diseases.”
A photo shows “U.S. Regional Soybean Laboratory test
plots.” Address: Research Agronomists, ARS, USDA.
1441. Burch, Thomas A.; Delouche, James C. 1959.
Absorption of water by seeds. Proceedings of the Association
of Official Seed Analysts of North America 49(1):142-50.
June. [16 ref]
• Summary: “Summary and conclusions: This study was
concerned with the absorption of water by seeds of cotton,
soybeans, castor beans and oats. Emphasis was placed on the
effect of media, temperature, and the seed coverings on the
rate and quantity of water absorbed. In addition, the pattern
of water absorption by the various seed organs, the moisture
requirements for germination and the entry of water into the
seeds were studied.
“Rate of water absorption by seeds in a water medium
was much more rapid than when the seeds were placed
between moist blotters. Temperature also affected rate of

water absorption. Absorption proceeded most rapidly at the
higher temperatures. The kinds of seed varied in moisture
content required for germination. Cotton, soybean, castor
bean and oat seed had to reach moisture contents of about 52,
50, 32 and 34 percent respectively for germination of at least
half of the seeds.
“The following patterns of water absorption by the
various seed parts were observed. The seed coats or hulls
increased in moisture content for 24 hours and remained
relatively constant until 72 hours at which time there was
a slight decrease. Cotyledonous and endospermous tissue
increased rapidly in moisture content for the first 24 hours
then the rate decreased. Cotyledons absorbed more moisture
in relation to their dry weight than did endospermous tissue.
About 6 to 12 hours were required for moisture to reach the
embryonic axes of cotton and castor beans. After this lag,
the moisture content of the embryonic parts increased very
rapidly and by the end of the test had attained the highest
moisture content of any of the seed parts.
“The seed coat retarded moisture absorption and
germination in cotton and castor beans. The more rapid
germination of seeds from which the coverings had been
removed was probably partially responsible for the increased
quantity of water absorbed.
“Water diffused into cotton and castor bean seed over
the entire surface of their seed coats.” Address: Mississippi
Agric. Exp. Station, State College.
1442. Laties, George C. 1959. Active transport of salt into
plant tissue. Annual Review of Plant Physiology 10:187-112.
June.
Address: Div. of Biology, California Inst. of Technology,
Pasadena, California.
1443. Rattray, A.G.H. 1959. The soya bean in Rhodesia.
In: Legumes in Rhodesian Agriculture: Proceedings of
the Fourth Conference of Specialist Officers. Ministry of
Agriculture, Salisbury. 131 p. See p. 34-43. Held 9-11 June
1959 at the University College of Rhodesia and Nyasaland.
[3 ref]
• Summary: Contents: Introduction. Botanical classification.
Climatic conditions. Soil requirements. Position in the
rotation and effect on the soil. Preparation of seed bed. Time
of planting. Depth of planting. Spacing and rate of seeding.
Manuring and fertilizing. Cultivation. Harvesting. Yields.
Diseases. Insect pests. Varieties. Chemical analyses. Use of
soya beans. Production of soya beans. Prices and marketing.
The future of soya beans in Rhodesia. Summary. Discussion.
“In spite of its great potential value, and the fact that for
fully twenty years it has been grown successfully on research
stations and been found well suited to Rhodesian conditions,
the soya bean is today planted on few farms in this country.
This neglect seems surprising when one considers the lack
of, and the search for, additional cash crops to maize which
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can be cultivated on the more fertile soils in the higher
rainfall areas. It seems, and is, inexplicable when one
considers that many of the other leguminous crops, planted
on an extensive scale both for green manure and fodder
purposes, are today proving increasingly difficult to cultivate
successfully, and farmers cry out for suitable substitutes. If
this paper, intended as a summary of soya bean cultivation
experience on the Salisbury Experiment Station over the
last twenty years, helps in any way to popularize the crop
and indicate how it can be grown more widely, it will have
served some purpose.” Note 1. 1 bag of soybeans weighs
200 lb. Total soybean acreage increased from 1,902 acres
in 1954-55 to 4,658 acres in 1956-57. Note 2. This paper
was presented at the Fourth Conference of the Department
of Research and Specialist Services. Address: Salisbury,
Rhodesia.
1444. Stumpf, P.K.; Bradbeer, Clive. 1959. Fat metabolism
in higher plants. Annual Review Plant Physiology 10:197222. June.
• Summary: “During the past ten years the field of lipide
biochemistry in higher plants has expanded very rapidly.
This increased rate of progress can be traced to (a) the
development of new techniques, such as reversed phase
paper chromatography, gas-liquid chromatography and
column chromatography, which are suitable for the
analysis of small amounts of lipoidal material, (b) the use
of isotopically labeled substrates, especially in studies
with isolated enzyme systems which are very sensitive to
substrate concentrations, and (c) the increased...” Address:
Dep. of Agricultural Biochemistry, Univ. of California,
Davis, California.
1445. Carpenter, W.D.; Beevers, Harry. 1959. Distribution
and properties of isocitritase in plants. Plant Physiology
34(4):403-09. July. [15 ref]
• Summary: Soy is mentioned only twice in this article.
“On the basis of the evidence from 25 different tissues
it is concluded that, far from being widespread in higher
plants, isocitritase is limited to certain species and confined,
in these, to those parts in which active fat breakdown is
occurring.” Address: Dep. of Biological Sciences, Purdue
Univ., Lafayette, Indiana.
1446. Galitz, Donald S.; Howell, Robert W. 1959. The
occurrence and physiological properties of a natural inhibitor
of germination in immature soybean seeds. Plant Physiology
34(Suppl.):x. Aug.
• Summary: “The extraction from immature soybean seeds
of a substance which inhibits germination and growth
of radicles excised from mature seed has been reported
previously. This substance can be leached from immature
seed by soaking them in water. There is a correlation of the
ability of immature seed to germinate and the amount of the

inhibitor leached from the seed. This substance is also found
in mature seed, but at lower concentrations.
“The active material has been purified by column
chromatography following extraction of nucleotides from
the tissue and has been taken to dryness by lyophilization.
It elutes from the column between AMP and GMP and has
properties similar to a nucleotide. The compound appears to
retain its inhibitory activity in crude neutral or basic extracts
and in the dry form when kept frozen. It is unstable when
redissolved in water. In water solution it has a pH of about
3.2 and a maximum absorption at 260 mp.
“The compound stimulates respiration of excised
radicles initially. Both respiration and growth inhibition
effects increase as the concentration of either crude or
purified extracts is increased.”
Note: Proceedings of the Meetings: Sponsored by the
American Society of Plant Physiologists, Pennsylvania
State University, University Park, Pennsylvania. August
30 to September 2, 1959: Tuesday Morning, September 1.
Address: University of Illinois, and U.S. Regional Soybean
Laboratory, Urbana, Illinois.
1447. Hageman, R.H.; Flesher, Donna. 1959. The effect of
light on the activity of nitrate reductase and other enzymes of
corn plants. Plant Physiology 34(Suppl.):x-xi. Aug.
• Summary: “It was reported at the Agronomy meetings in
1958 that corn plants grown under artificial shade structures
accumulated nitrate. The accumulation was roughly
proportional to the decrease in light received by the plants.
Further investigations have been conducted to determine the
causal factors involved in the accumulation of nitrate in corn
plants.
“One factor that could cause the accumulation of nitrate
in corn plants under reduced light would be a direct light
activation of the enzyme, nitrate reductase. Corn plants were
grown in fertile soil under greenhouse conditions. When the
plants were from 3 to 4 weeks old and growing vigorously,
they were subjected to varying periods of light and darkness.
Representative samples were taken at appropriate times for
assay of nitrate reductase and other enzymes.
“It was established that corn plants lose 26, 88, and 91
percent of their total nitrate reductase activity in 24, 48, and
72 hours, respectively, when the plants were subjected to
continuous, complete darkness. Plants returned to the light
after 48 hours of dark treatment rapidly regained the ability
to reduce nitrate.” Address: University of Illinois, Urbana,
Illinois.
1448. Huffaker, R.C.; Wallace, A. 1959. Effect of potassium
and sodium levels on sodium distribution in some plant
species. Soil Science 88(2):80-82. Aug. [7 ref]
• Summary: “It is generally thought that many plant species
exclude Na [sodium] (3). Recent studies (2, 4, 6) showed that
Na was absorbed in relatively large quantities by roots of
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species not accumulating Na in stems or leaves, and that both
K (4) and Na (4, 6) levels influenced the amount of Na being
translocated from roots. The purpose of the present work was
to study in more detail the Na distribution in various plant
species with K and Na levels different from those of previous
studies in which only amounts in leaves, stems, and roots
were given (4).” Address: Univ. of California, Los Angeles.
1449. Larson, Nellie G. comp. 1959. Soybeans: Some
botanical aspects. A selected list of references, 1930-1958.
USDA Library List No. 67. 24 p. Aug. [774 ref]
• Summary: This excellent bibliography contains two special
features for each journal article cited: (1) The volume, issue
number, pages, and date. (2) The National Agricultural
Library’s call number.
The references are listed alphabetically by author
under the following three categories: General. Genetics and
breeding. Physiology and biochemistry.
The Preface states: “This bibliography contains selected
references published in English and Japanese during the
years 1930-1958. Titles for Japanese articles are taken in
most cases from the English table of contents or English
summary published in the journal itself. A few came from
abstract journals. Whenever an English summary was
published with the Japanese article, this fact has been
indicated in a note following the citation.
“The references deal primarily with the physiology,
genetics and biochemistry of soybeans, with some material
in the General Section on anatomy, cytology, histology,
morphology, and nomenclature. A few citations to resistance
of soybeans to pests and diseases will be found with the
material on genetics and breeding.
“Information on diseases, varietal trials, cultural and
agronomic practices, food and feed uses, oil and protein
chemistry, and all economic aspects has been omitted. For
the most part, only research and scholarly publications have
been cited. Publications of extension services, and articles in
farm papers and other popular periodicals have been omitted.
“The advice and guidance of Dr. Herbert W. Johnson,
Oilseed and Industrial Crops Research Branch, Agricultural
Research Service, in defining the scope of the bibliography
and in reviewing the subject classification is gratefully
acknowledged.
“All references except those marked with an asterisk (*)
were examined by the compiler.
“Call numbers following the citations are those of the
Department of Agriculture Library. Abbreviations for the
titles of publications cited are explained in pp. 583-614 of
U.S. Department of Agriculture Miscellaneous Publication
No. 765, List of Serials Currently Received in the Library
of the United States Department of Agriculture as of July 1,
1957. The abbreviation ‘Ref.’ in an entry indicates that the
item contains references to literature.
“Sources Consulted:

“Agricultural Index, v. 5-15, 1928-1958
“Bibliography of Agriculture, v. 1-22, 1942-1958
“Biological Abstracts, v. 22-30, 1948-1956
“Field Crops Abstracts, v. 1-11, 1948-1958
“Herbage Abstracts, v. 1-18, 1931-1948
“Japan Science Review, Biological Sciences, v. 1-7,
1949-1956
“Japan Science Review, Medical Sciences, v. 1-6, No. 1,
1953-1958
“U.S.D.A. Library card catalog, including Plant Science
catalog.” Address: Div. of Bibliography, USDA Library.
1450. Sapin, P. 1959. Le soja dans le monde [The soybean in
various countries of the world]. Bulletin Agricole du Congo
Belge et du Ruanda-Urundi 50(4):897-948. Aug. [39 ref. Fre;
dut]
• Summary: This article focuses on soya at Yangambi in
the Belgian Congo. Content: Introduction. 1. Historical and
worldwide distribution. 2. Climatic adaptation: Comparison
of the climates in Harbin (central Manchuria) and Yangambi
(near the equator), photoperiodic and thermal characteristics
of soybeans, comparative study of the behavior of soya at
Yangambi and its main zones of cultivation, eco-climatic
chart of soya, classification of soybeans (des sojas) into
fundamental climatic types and directives for the realization
of their introduction to Yangambi.
3. Selection: Classification of the soybean varieties,
genetics, and selection. 4. The cultivation of soya.
5. Characteristics of forage and utilization: Green
manure (engrais vert), pasture, green forage, silage, hay,
grain. 6. Characteristics of the seed and its utilization:
Composition of the seed, Oriental preparations based on soya
(soy sprouts, soymilk, tofu, natto, Hamanatto, yuba, miso,
soy sauce or shoyu), soy oil and by-products, soybean cake,
use of soya in the West.
7. A glance at soybean production. 8. The situation in the
Belgian Congo.
The author identified a number of soybean varieties
adapted to different ecological zones in the tropics, which
helped soybeans spread to tropical countries, especially in
Africa. Tables: (1) Utilization of soybeans (full page, p.
922). (2) Alphabetical list of the soybean varieties introduced
into Yangambi (p. 944-48). The table has two columns. (a)
The names of the varieties listed alphabetically in French.
(b) The country or U.S. state of origin, including Algeria,
Australia, Borneo (divided among Indonesia {73%} to
the south, Malaysia, and Brunei) Brazil, China (northern),
Congo Republic (incl. Nioka), Cuba, Cyprus (Chypre in
French), Dahomey, France, Iraq, Jamaica, Japan, Lithuania,
Mauritius, Morocco (Rabat), Nigeria, Republic of the
Congo (incl. Brazzaville), Rhodesia, Rwanda (Rubona),
Spain, Tanganyika, Trinidad, USA (incl. Alabama, Arizona,
Arkansas, Maryland). Address: Assistant à la Division des
Plantes Vivrières de l’INÉAC, à Yangambi [Belgian Congo].
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1451. van Schaik, P.H.; Probst, A.H. 1959. Effect of six
growth regulators on pod set and seed development in
Midwest soybeans. Agronomy Journal 51(8):510-11. Aug. [5
ref]
• Summary: The authors tried several growth regulators
at frequent intervals without success in increasing pod
set. Address: Purdue Univ. Agric. Exp. Station, Lafayette,
Indiana.
1452. Perkins, Harold J.; Nelson, C.D.; Gorham, Paul R.
1959. A tissue-autoradiographic study of the translocation
of C14-labelled sugars in the stems of young soybean plants.
Canadian J. of Botany 37(5):871-77. Sept. [21 ref]
• Summary: “Autoradiography was used to determine the
tissues involved in the downward translocation of carbon-14
labelled photosynthate and of carbon-14 labelled glucose,
fructose, or sucrose introduced into soybean plants through
the cut petiole of a primary leaf.”
“This comparative study has demonstrated that all
translocation need not take place in the phloem, but some
may take place in such tissues as pith and xylem.”
Note: The cross section of the stem of a typical vascular
plant (such as the soybean) has pith at the center, xylem
around that, phloem around that, followed by schlerenchyma,
cortex, and epidermis (the outer layer, or bark in trees).
Xylem and phloem are both types of transport tissue. Phloem
is living tissue that carries organic nutrients (known as
photosynthate), particularly sucrose, a sugar, to all parts of
the plant where needed. Address: Div. of Applied Biology,
National Research Council, Ottawa, Ontario.
1453. Smith, Allan K. 1959. Research on the increasing use
of U.S. soybeans in Japan. Soybean Digest. Sept. p. 62-65.
• Summary: “In 1956 the American Soybean Association
in collaboration with the Foreign Agricultural Service
of the U.S. Department of Agriculture started a market
development program on soybeans in Japan.”
Late in 1957 Dr. Smith “spent 2 months in Japan
studying the products and processes where U.S. soybeans are
competing with Japanese and communist Chinese beans.”
He found that the traditional foods of Japan are processed
from whole soybeans, whereas in the USA the use of whole
soybeans has, until recently, “received no commercial
recognition for food, feed, or industrial application. Also the
traditional food processors of Japan value the protein more
highly than the oil which is the reverse of the emphasis in
this country.”
The results of Dr. Smith’s investigations were published
in April 1958 under the title “Use of United States soybeans
in Japan.” “The problems raised by the Japanese are briefly
summarized as follows: 1–Composition: It was generally
stated that Japanese soybeans are higher in protein than our
soybeans. 2–U.S. soybeans are slower to absorb water than

Japanese beans and absorb water unevenly. 3–Our soybeans
cook unevenly and consequently they may not support
uniform fermentation. 4–Products from U.S. soybeans are
darker in color than those made from Japanese soybeans. 5–
Food products from U.S. beans do not have as good a flavor
as from Japanese soybeans. 6–The Japanese do not like the
amount of foreign matter, split and broken beans, and other
crop material in U.S. soybeans.
Following Dr. Smith’s investigation in Japan, a research
project was initiated at the Northern Regional Research
Laboratory in Peoria, Illinois. The immediate objectives of
the project are: 1–To investigate the reported differences
between U.S. and Japanese soybeans and to evaluate their
significance. 2–To compare approximately 30 U.S. and
6 Japanese soybean varieties in miso and tofu, two most
important Japanese foods, and to determine which U.S.
varieties are suitable for making these foods. 3–To study the
processing methods used by the Japanese and to modify their
processes for better adaption [adaptation] of our soybeans to
their use...
“Two Japanese scientists, Tokuji Watanabe and Kazuo
Shibasaki, accepted invitations to come to the Northern
Laboratory to work on these projects.”
In the 9 months that Dr. Shibasaki and Mr. Watanabe
spent at the NRRL they made progress on all the 6 problems
listed, though the project is still underway. They found two
U.S. soybean varieties, Jackson and Lee, that make tofu
very similar to that made from Japanese soybeans. Other
promising varieties are Blackhawk, Comet, Dorman, Ottawa,
Mandarin, and Acme.
“Composition: It was reported, and generally assumed
to be true, that Japanese soybeans were higher in protein
and lower in oil than U.S. soybeans. We have accumulated
data (all on a moisture-free basis) to determine whether this
report is true. Table 1 shows the protein and oil content of
eight Japanese soybean varieties grown in various parts of
Japan during 1957 or 1958. The name often indicates the
area grown: Aomori, Hokkaido Akita, Kumamoto, Miyagi,
Nagano, Hagi-Dani, Hokuho, and White Hilum Iwate. These
8 Japanese varieties contained an average of 40.5% protein
and 17.2% oil in 1957 and 42.3% protein and 16.8% oil in
1959.
Table 2 shows the protein and oil content of 15 U.S. [and
Canadian] soybean varieties grown in various parts of the
USA during 1956, 1957 or 1958: Acme, Adams, Blackhawk,
Chippewa, Clark, Comet-1, Comet-2, Dorman, Dortchsoy,
Harosoy, Hawkeye, Jackson, Lee, Lincoln, and Norchief.
These 15 U.S. varieties contained, on average, 41.8% protein
in 1956, 40.1% in 1957, and 40.7% protein and 20.2% oil in
1958. Comparing these two tables, Dr. Smith concludes that
U.S. and Japanese soybeans contain about the same amount
of protein, but that U.S. field-type soybeans contain about
3.7% more oil than Japanese soybeans.
Table 3 shows the maturity group, protein and
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oil content, and weight in grams of 100 seeds for 33
recommended U.S. and Canadian varieties. This data is
based on Cooperative Uniform Soybean Tests. These 33
varieties are grown in all the major soybean growing areas
of the USA; Groups 00 to IV inclusive are grown in the
North Central States, approximately north of Cairo, Illinois,
to northern Minnesota; groups V to VIII inclusive are
grown south of Cairo. The 33 varieties, sorted by ascending
maturity group, and within each group alphabetically by
varietal name are: Acme (00, Canadian), Crest, Flambeau,
Capital (0), Comet, Grant, Mandarin, Norchief, Blackhawk
(I), Chippewa, Adams (II), Harosoy, Hawkeye, Lindarin,
Ford (III), Lincoln, Shelby, Clark (IV), Perry, Scott, Wabash,
Dorman (V), Dortchsoy, S-100, Hood (VI), Ogden, CNS4 (VII), Jackson, Lee, Bienville (VIII), Improved Pelican,
J.E.W. 45 [Wannamaker], and Yelanda. This table shows that
the oil content increases slightly as one moves from north to
south
Smith then discusses garden- or vegetable-type
soybeans. “U.S. vegetable soybeans: There is no clear
definition for distinguishing the field-type from the gardentype beans. The distinctive features of the garden beans are
in their superiority in flavor, texture, and ease of cooking–
properties that make them preferred for food use... Most of
our so-called vegetable-type soybeans we are growing in this
country are Japanese garden varieties that came directly from
that country; the Kim and Kanrich were developed in this
country. Serious disadvantages of garden-type beans which
restrict production are the tendency to shatter from the pods
when ripe and the consequent large loss with mechanical
harvesting... the yields of some varieties are also lower than
for field beans. It has been stated frequently that the gardentype bean is higher in protein and lower in oil than the field
type.
Table 4 shows the protein, oil, weight of 100 seeds
in grams and hilum color for 14 “garden-type soybeans”
on a dry basis. The source of the data for all the varieties
except Kanrich, Kim, and Easycook is the University of
Illinois Bulletin 453 by J.W. Lloyd and W.L. Burlison 1939
[“Eighteen varieties of edible soybeans: Their adaptability,
acceptability, culture and characteristics”]. “For these data
the protein values are no higher than for present-day field
types and the oil values are only 0.77% lower” than typical
field types soybeans shown in table 3. The weight in grams
of 100 seeds, in descending order of seed weight and size,
is as follows: Hokkaido 31.9, Funk Delicious 31.7, Willomi
31.1, Jogun 29.9, Emperor 29.7, Giant Green 29.4, Kim 28.7,
Imperial 28.4, Kanrich 27.3, Fuji 25.9, Illington 25.9, Higan
23.4, Bansei 21.2, and Easycook 16.2.
Conclusion: It “appears that claims for high protein
values for garden type soybeans may be exaggerated.” A
portrait photo shows A.K. Smith.
Note: This is the earliest English-language document
seen (June 2020) that contains the term “garden-type

soybeans” or “vegetable-type soybeans.” The two terms are
used as synonyms. Address: Northern Regional Research
Lab., Peoria, Illinois.
1454. Yamamoto, Ryozo; Ishikawa, Masashi. 1959.
[Comparison between the soybean seeds ripened on a
highland and those ripened on a lowland]. Nippon Sakumotsu
Gakkai Kiji (Proceedings of the Crop Science Society of
Japan) 28(1):77-78. Sept. [4 ref. Jap; eng]
• Summary: “Abstract: In order to investigate the influences
of localities of planting on the germination behaviours and
chemical composition of the soybean seeds, two varieties
of soybeans were planted on the 2 highlands and the 2
lowlands, where the temperature differed as much as 5ºC
on the average throughout the growing seasons. The results
obtained were as follows:
“I. Germination behavior; Effects of the localities in
which the seeds ripened varied with varieties. We found in
Daizu Norin No. 3 that the seeds ripened on the highlands
which are represented hereinafter as Hs were more delayed
in the rate of water absorption and germination than those
ripened on the lowlands which are represented hereinafter
as Ls, but could not find it in Daizu Norin No. 2. From the
results of germination tests with variously treated seeds it
was pointed out that the difference in germination behavior
had much to do with the permeability of seed coats to water.
“II. Chemical composition; It was known that Hs
contained much more sugar and much less oil than Ls. No
significant difference was found in the amount of protein
contained between Hs and Ls. These phenomena mentioned
above may not be attributed to the different soil properties
but to the different mean temperatures during the growing
seasons of the soybean plants, because these facts were also
found along with the seeds cultivated at the same location
at different mean temperatures.” Address: Faculty of
Agriculture, Nagoya Univ.
1455. Key, Joe L.; Galitz, Donald S. 1959. Growth inhibitor
in immature soybean seeds and 2,4-D-sprayed soybean
seedlings. Science 130(3385):1340-41. Nov. 13. [8 ref]
• Summary: A naturally occurring inhibitor of seed
germination has been isolated from soybean seeds and
seedlings by ion-exchange chromatography. Address: Dep. of
Agronomy, Univ. of Illinois, Urbana, Illinois.
1456. Craig, B.M.; Murty, N.L. 1959. Quantitative fatty acid
analysis of vegetable oils by gas-liquid chromatography:
technical. J. of the American Oil Chemists’ Society
36(11):549-52. Nov.
Address: Prairie Regional Laboratory, National Research
Council, Saskatoon, Saskatchewan, Canada.
1457. Howell, Robert W.; Collins, F.I.; Sedgwick, V.E. 1959.
Respiration of soybean seeds as related to weathering losses
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during ripening. Agronomy Journal 51(11):677-79. Nov. [16
ref]
• Summary: “Respiration of ripening soybean seed was
closely correlated with seed moisture content. Temperature
affected the respiration rate, but was less important than
moisture content.”
Note: This is publication No. 325 of the U.S. Regional
Soybean Laboratory, Urbana, Illinois. Address: 1. Plant
Physiologist; 2. Chemist; 3. Physical Science Aid. All: Crops
Research Div., ARS, USDA.
1458. Thaine, R.; Ovenden, S.L.; Turner, J.S. 1959.
Translocation of labelled assimilates in the soybean.
Australian J. of Biological Sciences 12(4):349-73. Plus 3
pages of plates unnumbered end. [13 ref]
• Summary: When radioactive carbon dioxide “was supplied
to a limited area of a mature illuminated leaf of soybean, the
radioactive compounds appeared rapidly in the root, the apex
of the shoot, and in young unexpanded leaves. Translocation
to these ‘sinks’ took place in the light, during photosynthesis
at the source.
“Translocation also went on in darkness subsequent to
fixation in the leaf,...”
The movement of assimilate from the source leaf to any
other leaf can take place because of the soybean’s vascular
pattern. It was shown clearly that tagged assimilate can
move into a mature leaf when necrotic spots appeared on the
leaf–presumably due to nutrient imbalance. Address: Botany
School, Univ. of Melbourne.
1459. Butler, W.L.; Norris, K.H.; Siegelman, H.W.;
Hendricks, S.B. 1959. Detection, assay and preliminary
purification of the pigment controlling photoresponsive
development of plants. Proceedings of the National Academy
of Sciences, USA 45(12):1703-08. Dec. 1. [10 ref]
• Summary: “Responses of plant materials to radiation
indicate that flowering and many other aspects of
development are controlled by a reversible photoreaction (1,
2) involving two forms of a pigment, with action maxima
near 660 and 735 mμ. The photoreversible pigment can
readily be changed from one to the other form, as indicated
by response of the plant to irradiation in the region of
the appropriate action maximum.” Address: Agricultural
Marketing Service and Agricultural Research Service,
USDA, Beltsville, Maryland.
1460. Myers, Frank K. 1959. Calhoun County farmer blazes
trail for soybeans: Responsible for majority of area seed.
Times and Democrat (Orangeburg, South Carolina). Dec. 6.
p. 3B.
• Summary: The trailblazer is private soybean breeder John
E. Wannamaker of St. Matthews, South Carolina. The date
on this article is difficult to read. It was definitely a Sunday
in December, probably December 6. The year appears to

be 1959, and is probably during the 1950s. Note: John
Wannamaker lived 1888 to 1965.
“In the early 1940s, the soybean was comparatively
unknown in Calhoun County. Today, soybeans are the
county’s major crop as far as acreage is concerned and
agriculturalists credit one man with making it both profitable
and popular.
“That man is John E. Wannamaker, an individual with
great determination and singleness of purpose, who has, after
meticulous and patient experimentation, been responsible for
producing by far the majority of the seed used throughout
South Carolina’s Coastal Plain and in other states, also.”
Soybeans are also a major crop in neighboring
Orangeburg County. Planters in both counties once depended
solely upon cotton for their cash crop.
“Strangely enough, the development of a profitable and
satisfactory soybean was born of the depression years in the
early 1930s. Wannamaker had first planted the oil-carrying
bean back in 1922 when he tried out a variety known as the
‘Mammoth Yellow.’ His failure was outstanding.
“The reason was that the soybeans at that time had one
great shortcoming–the pods shattered. Today, no farmer
will plant soybeans unless they are of a shatter-resistant
strain. And the development of the shatter-resistant beans is
attributed, in this area at least, to Wannamaker alone.
“The combine is the answer to the soybean harvesting
problem, but to successfully harvest them, the beans must be
in the pod when the plants meet the cutters.”
In 1932 Wannamaker got interested in the development
of a shatter-resistant strain of soybeans–inspired by the
success of his friend, O.H. Weinges. Farmers were hit hard
by the depression, and the soybean looked like it could help
them. So Wannamaker started with the Otootan variety.
Though it shattered badly, its hay was widely sought by
dairymen and the venture was moderately successful.
In the late 1930s, while inspecting a field of Clemson
variety soybeans, Wannamaker noticed one plant that showed
no signs of having shattered. He saved the seed, planted it
the next year, and noticed that about half the plants failed to
shatter. “Again he used selective planting and found that his
results were so stabilized that he was able to offer the seed to
other farmers with a certainty that their plants, too, would not
shatter. He named this strain the ‘CNS’ and popular usage
has dubbed it the ‘Clemson Non-Shattering’ bean although
Wannamaker says that the strain now has its own identity.
“His interest in developing new strains was whetted by
his success and since then he has carried on a program of
continual experimentation to adapt and perfect even better
strains.
“Today on his fertile farm about a mile from St.
Matthews on State Highway No. 6, he has a test plot on
which 18 different strains were grown during the past season.
His most promising strain he has named the ‘JEW-45’, but
he has others such as a cross between Coker’s Yelnando and
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Roanoke, the Jackson, Lee and numerous others identified
only by numbers.”
And so one experiment follows another until
Wannamaker is sure that a strain is stabilized and there will
be no throwbacks. He is working to find a soybean strain that
will have the highest yield, be the most shatter-resistant, will
weather best, which has a heavy distribution of pods high on
the stalk for that the combine can get all of the crop, which
does not ‘lodge’ (lean toward the ground from the weight of
its pods or from wind pressure), which has a good maturity
date after planting following a grain crop, and which has the
highest oil content.”
In Calhoun County, soybeans typically contain about
19% oil, but Wannamaker has developed several strains that
contain more than 21%. Average yield in the county is 20-25
bushels per acre, but some of Wannamaker’s strains average
nearer 30 bushels per acre. “He discounts claims of some
farmers who say they have netted up to 70 bushels an acre
with his strains.” Wannamaker’s strains are in maturity group
8, which is late, so they can be planted successfully after a
first crop of grain and still mature before the first frost.
“Orders for Wannamaker’s seed come from all parts of
the Southeast. They are processed at his home and mailed
direct to the purchaser. Generally the demand exceeds the
supply, but for the last few years there have been some beans
left over which are sold to the oil companies.”
“’I used to advertise some in farm magazines and in
other publications and used to sell all of my seed each year,’
he said. ‘Haven’t done much advertising the last few years.
Guess that’s why I have seed left over.’
“He estimates that during a good year he will sell about
4,000 bushels of seed, while sometimes the sale will drop to
about 2,000 bushels.”
Wannamaker’s “interests are heart and soul in the
development of a better and better and better plant. His
friends and neighbors in Calhoun County don’t believe he’ll
ever be satisfied. They believe he will keep on working and
experimenting ever seeking perfection. They don’t believe
he’ll ever find it. His sights are aimed too high, they say. No
matter how perfect a plant he develops, he will continue,
through his lifetime, to seek a way to make it even better.”
Large photos show: (1) John E. Wannamaker standing
in a field of mature soybeans, inspecting an experimental
row. (2) W.E. Smith II using a combine pulled by a tractor to
harvest some Wannamaker type soybeans.
1461. Fukui, Juro; Gotoh, Torao. 1959. Nicchô oyobi ondo
ga daizu shijitsu no hatttatsu ni oyobosu eikyô no hinshukan
sai [Varietal differences of the effects of day-length
and temperature on the seed development of soy-bean].
Ikushugaku Zasshi (Japanese J. of Breeding) 9(4):219-26.
Dec. 20. [20 ref. Jap; eng]
• Summary: “Résumé: The authors intended to examine how
the environmental factors affect the seed development of

soybean, and more-over how the influence vary according to
varietal differences.
“Soy-bean varieties used were Kizaya (IIa), Norin No. 2
(IIb) and Iwate No. 2 (IIc).
“In natural condition, the ripening period of Kizaya,
Norin No. 2 and Iwate No. 2 was 48, 66 and 87 days,
respectively. By the microscopic observation, it was
ascertained that the speed of embryo development was
slower in the order of Kizaya, Norin No. 2 and Iwate No. 2.
For example, the date of cotyledon emergence was about the
10th, 15th and 25th day from blooming, respectively.
“Under short-day condition, the ripening period was
shortened and the degree of shortening was larger in the
order of Kizaya, Norin No. 2 and Iwate No. 2. From the
microscopic observation, it was found that there were two
stages which were easily affected by short-day condition.
The first one was the early period of ripening or the early
stage of embryo development, that is from proembryo
developmental stage II to first simple leaf developmental
stage III, and the second one was the late period of ripening
from seed-length maximum to wholly ripening, in which
stock nourishment accumulated in cotyledon.
“High temperature also hastened seed ripening but the
effect of temperature was less than short-day.
“The elongation of seed- and pod-length was also
accelerated by short-day and high temperature, and as a
whole, the degree of acceleration was larger in the order of
Kizaya, Norin No. 2 and Iwate No. 2.” Address: 1. National
Inst. of Agricultural Sciences; 2. Kanto-Tosan National
Agricultural Experiment Station.
1462. Collins, F.I.; Sedgwick, V.E. 1959. Fatty acid
composition of several varieties of soybeans. J. of the
American Oil Chemists’ Society 36(12):641-44. Dec. [10 ref]
• Summary: Fatty acid composition of soybean oil of 18
important varieties from 43 locations of the U.S. ranged from
about 5% to 11% in linolenic, 43% to 56% in linoleic, 15%
to 33% in oleic, and 11% to 26% in saturated acids. Address:
Crops Research Div., USDA ARS, Urbana, Illinois.
1463. Higdon, W.T.; Marshall, C.E. 1959. The uptake of
Ca and K by young soybean plants. Missouri Agricultural
Experiment Station, Research Bulletin No. 716. 28 p. Dec.
[23 ref]
• Summary: “Introduction: It has long been recognized that
the uptake of major metallic nutrient elements of plants is
affected and perhaps even governed by relationships between
their concentrations or activities in nutrient media. This
calcium [Ca] affects potassium [K] uptake and vice versa.”
Address: Columbia, Missouri.
1464. Urano, Keishi; Nagase, Y.; Oguchi, T. 1959. [Effect
of soil moisture content at various growing periods on
growth and yield of soybean. II. Changes of nitrogen and
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carbohydrates in soybean plant as affected by abundant and
deficient soil moisture content]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
27(2):315-18. Dec. [6 ref. Jap; eng]*
• Summary: “The differences of chemical composition
of soybean as affected by various soil moisture contents
were investigated by pot culture, in 1956 and 1957. The
results many be summarized as follows: “(1) In DW (plots
subjected to wet condition after dry condition), wet condition
of soil (75% of maximum water capacity) in seedling
period retarted [sic, retarded? restarted?] the accumulation
of nitrogen and carbohydrates in the late stage of growth
and decreased yield of grain. In WD (plots subjected to
dry condition after wet condition), yield of grain were not
affected by wet condition.
“(2) Wet condition of soil (in DW and WD) in the
previous period of flowering does not affected the yields of
grain remarkably.
“(3) In DW and WD, wet condition of soil in the
flowering period increased the accumulation of nitrogen,
carbohydrates and yield of grain strikingly. Especially in
DW, translocation from vegetative organs to grain was
presumably smooth.
“(4) In DW, wet condition of soil in the fruiting period
decreased the amounts of carbohydrates in vegetative organs
and increased the amounts of fat and yield of grain. In WD,
yields of grain were not affected by wet condition.
“(5) Generally, in the case of DW the percentage of
nitrogen content of grain increased more rapidly than WD.
On the contrary, in the case of WD the increase of percentage
of fat content of grain took place very strikingly. In this
study, the effect of deficient soil moisture content (45%
of maximum water capacity) are contrary to the effect of
abundant soil moisture content and the results in the former
was abbreviated.” Address: Kikyogahara Branch, Nagano
Agric. Exp. Station.
1465. Doorenbos, J.; Wellensiek, S.J. 1959. Photoperiodic
control of floral induction. Annual Review of Plant
Physiology 10:147-84. *
1466. Kunar, I.I. 1959. [Rhythms of the absorptive and
excretory activities of roots]. Izvestiia Timiryazevskoi
Sel’skokhozyaistvennoi Akademii (Bulletin of the Timiryazev
Agricultural Academy) No. 1 (26), 15-34. [35 ref. Rus; eng]*
• Summary: The plants studied included varieties of
soybeans, oats (Avena sativa), sunflowers (Helianthus
annuus), and Phaseolus sp.
1467. Mitrovic, Andelka; Pavlicic, J. 1959. Primena
giberelina na kulturne biljke. Dejstvo giberelina na porast i
razvice soje i lespedezo [The application of gibberellin on
cultivated plants. The effect of gibberellin on the growth
and development of soyabean and lespedeza]. Arhiv za

Poljoprivredne Nauke (Archives of Agricultural Science)
12(35):22-34. [8 ref. Ser; eng]*
• Summary: This experiment was conducted in a glasshouse
with Hawkeye variety of soybeans and Lespedeza stipulacea.
Single, double, and triple applications of foliar sprays were
compared when the aqueous solution of gibberellin was
supplied at 100 parts per million (ppm) and 10 ppm on the
stem apices (by means of a micropipette), at specified stages
of plant growth. The triple spraying by which each plant
received 0.4 ml of the solution (100 ppm concentration) at
the 1-to-3, or 3-to-5-leaf stage proved to be best for both
plants, increasing the plant height and the number of leaves,
nodes and branches.
1468. Nelson, C.D.; Gorham, Paul R. 1959. Translocation of
C14-labelled amino acids and amides in the stems of young
soybean plants. Canadian J. of Botany 37(3):431-38.
• Summary: “Translocation of each of seven amino acids and
three amides was measured for periods of 5 minutes or less
after introduction through the cut petiole of a primary leaf.
The compounds used were asparagine, urea, glutamic acid,
glutamine, glycine, norleucine, arginine, serine, alanine, and
aspartic acid. During the short times of these experiments it
was found that each compound was translocated downward
as such.” Address: Div. of Applied Biology, National
Research Council, Ottawa, Canada.
1469. Pavlicic, Jelena; Mitrovic, Andelka. 1959. Uticaj
giberelina na dinamiku i procent klijanja kod psenice
i soje [The effect of gibberellin on the dynamics and
rate of germination for wheat and soybeans]. Arhiv za
Poljoprivredne Nauke (Archives of Agricultural Science)
7(37):25-47. [Ser]*
Address: Yugoslavia.
1470. Borthwick, H.A. 1959. Photoperiodic control of
flowering. In: Robert B. Withrow, ed. 1959. Photoperiodism
and Related Phenomena in Plants and Animals: Proceedings
of the Conference on Photoperiodism. Washington, DC:
American Assoc. for the Advancement of Science. xvii + 903
p. See p. 275-287. [15 ref]
• Summary: “Differences between Long- and Short-Day
Plants: The basis of the differences between long- and
short-day plants is still not clear. Action spectra show that
the controlling photoreaction in the two is the same even
though the responses are opposite. Reversibility also occurs
in long-day plants just as it does in short-day ones. In longday plants red promotes flowering and in short-day ones it
inhibits, but in both types far red counteracts the red. Further
study of the occurrence of reversibility in long-day plants is
needed. The change in the apparent direction of action of far
red in millet and henbane suggests that flowering depends
in some way on two or more light-influenced processes that
must proceed concurrently or in close succession. If these are
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not equally influenced by the same light treatment, possibly
their relative sensitivity to light is in some way responsible
for the display of the various types of photoperiodic
response or lack of it now recognized.” Address: Agricultural
Research Service, United States Dep. of Agriculture,
Beltsville, Maryland.
1471. Buenning, Erwin. 1959. Physiological mechanism
and biological importance of the endogenous diurnal
periodicity in plants and animals. In: R.B. Withrow, ed.
1959. Photoperiodism and Related Phenomena in Plants and
Animals. xvii + 903 p. See p. 507-35. [50+* ref]
• Summary: A graph (p. 526) concerns the Biloxi soybean;
it shows the effects of light breaks (30 min) given at various
intervals during the long dark period, and the effect of these
light breaks on flower formation. So soybean plants contain
physiological clocks with which to measure time. Address:
Dep. of Botany, Univ. of Tuebingen, Germany.
1472. Downs, R.J. 1959. Photocontrol of vegetative growth.
In: Robert B. Withrow, ed. 1959. Photoperiodism and
Related Phenomena in Plants and Animals: Proceedings
of the Conference on Photoperiodism. Washington, DC:
American Assoc. for the Advancement of Science. xvii + 903
p. See p. 129-35. [8 ref]
• Summary: Herbaceous plants, such as the soybean (Biloxi
and Agate varieties), are able to make elongative growth
over a wider range of photoperiods than many woody
plants. Soybeans produced longer internodes when the
plants entered the dark period with the pigment system
predominantly in the red-absorbing form; that is under
incandescent supplemental light.
Table 2 shows the effect of photoperiod length and kind
of supplemental light on growth of tomato and soybean
plants. The two photoperiods are 12 hours and 16 hours.
The two types of light are incandescent and fluorescent. For
each soybean variety is given the number of nodes and the
stem length. Address: Agricultural Research Service, USDA,
Beltsville, Maryland.
1473. Harley, J.L. 1959. The biology of mycorrhiza. London:
Leonard Hill [Books] Ltd.; New York, NY: Interscience
Publishers, Inc. xiv + 233 p. Series: Plant Science
Monographs, edited by Prof. Nicholas Polunin. [424* ref]
• Summary: This book is divided into three parts: I–General
considerations. II–Ectotrophic mycorrhizas. III–Endotrophic
mycorrhiza. In Part III, in chapter 12, titled “Mycorrhizas
caused by aseptate mycelia,” the section on “Leguminosae
(Papilionatae)” (p. 188-90) consists entirely of a discussion
of a 1924 article by F.R. Jones, in which he investigated
plants of this family including the genus Soja (containing the
soybean). This is the only reference to soybeans in this book.
The name “mycorrhiza” ought to be reserved for
structures composed of fungal hyphae and actual roots–not

rhizomes or thalli. Address: PhD, Fellow of Queen’s College,
Oxford, and University Demonstrator and Lecturer in
Agriculture.
1474. Hutchinson, John. 1959. The families of flowering
plants. Vol. I. Dicotyledons: Arranged according to a new
system based on their probable phylogeny. 2nd ed. Oxford,
England: Oxford University Press (At the Clarendon Press).
xi + 510 p. See p. 155-56. Illust. No index. 24 cm. [2 ref]
• Summary: Lacking an index, this book is very hard to use;
try to find Leguminosae (mentioned on page 155), or the
genus Glycine.
The genus Glycine consists of 10 species that grow
in tropical and warm temperate regions of the Old World.
“Perennial, twining, climbing or procumbent, very rarely
erect annual herbs; leaves pinnately trifoliate, rarely digitate;
stipules small; stipels present; flowers very small, inaxillary
solitary racemes, rarely in terminal panicles or in a sessile
fascicle in the lower axils...”
Synonyms of Glycine: Soja Moench (1794). Johnia
Wight & Arn. (1834). Notonia Wight & Arn. (1834). Bujacia
E. Mey. (1835). Leptolobium Benth. (1838). Soya Benth.
(1838). Leptocyamus Benth. (1839). Kennedynella Steud.
(1840). Chrystolia Montr. (1901).
Note: Webster’s Third New International Dictionary
(1963) defines stipel (pronounced STAI-pul) as “the stipule
of a leaflet.” Address: Formerly Keeper of Museums of
Botany, Royal Botanic Gardens, Kew, England.
1475. Kahn, Varda. 1959. Some aspects of fat metabolism
in germinating soybeans. PhD thesis, University of Illinois
at Urbana-Champaign. 121 p. Page 3036 in volume 20/08 of
Dissertation Abstracts International. *
Address: Univ. of Illinois at Urbana-Champaign.
1476. León, Arturo de; Ráfols, Wifredo de. 1959. El ácido
giberélico [Gibberellic acid]. Anales. Instituto Nacional de
Investigaciones Agronomicas (Madrid, Spain) 8(4):807-45.
[16 ref. Spa; eng]
• Summary: In glasshouse and field trials near Madrid,
Spain, treatment of young plants of several species, including
soybeans, wheat, and sunflower, with gibberellic acid
resulted in general in greater vegetative growth, earlier
flowering, and larger seeds than in the untreated controls.
Address: Madrid, Spain.
1477. Nanda, K.K.; Hamner, K.C. 1959. Photoperiodic
cycles of differing lengths in relation to flowering in
Biloxi soybean (Glycine max (L.) Merr). Planta (Berlin)
53(1.H):45-52. [19 ref]
• Summary: “During the course of investigations on the
effect of varying lengths of the photoperiod and the dark
period on the flowering response of Biloxi soybean, it has
been shown that an endogenous rhythm markedly affects the
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photoperiodic response of this plant (Blaney and Hamner
1957, Nanda and Hamner 1955, 1958). Thus, with eight
hour light periods in each cycle, the floral initiation showed
maxima with cycle lengths of 24, 48 and 72 hours and
minima with cycle lengths of 36 and 60 hours.” Address:
1. Dep. of Botany, Univ. of Delhi, Delhi 8, India; 2. PhD,
Dep. of Botany, Univ. of California, 405 Hilgard Ave., Los
Angeles 24, California.
1478. Nanda, K.K.; Hamner, K.C. 1959. The effect of
temperature, auxins, antiauxins and some other chemicals on
the endogenous rhythms affecting photoperiodic response
of Biloxi soybean (Glycine max (L.) Merr.). Planta (Berlin)
53(1.H):53-68. [35 ref]
• Summary: “It was shown in previous papers (Blaney and
Hamner 1957, Nanda and Hamner 1958), that there is no
doubt regarding the existence of an endogenous rhythm in
the photoperiodic reaction of Biloxi soybean. This rhythm
is probably set into motion when the plants are exposed
to light. It was also shown in those experiments that the
oscillations of this rhythm tend to decrease gradually with
the length of the cycle.” Address: 1. Dep. of Botany, Univ.
of Delhi, Delhi 8, India; 2. PhD, Dep. of Botany, Univ. of
California, 405 Hilgard Ave., Los Angeles 24, California.
1479. Shih, Shêng-han. trans. 1959. On “Fan Sheng-chih
shu”: An agriculturistic book of China written by Fan Shêngchih in the first century B.C. Peking, China: Science Press.
(Kexue Press). 68 p. 28 cm. Reprinted several times, incl.
1974. No index. [10 ref. Eng; Chi]
• Summary: This book is “A collection of the fragmentary
remains of original Chinese text of ‘Fan Shêng-Chih
Shu,’ rearranged, translated into English and discussed
in an analytical essay.” The Chinese text appears on each
left-hand page, and a parallel text translation with critical
commentaries in English appears on each right-hand page.
Contents: Preface. The fragmentary remains of
the original text of Fan Shêng-Chih Shu (with English
translation): 1. Basic principles of farming. 2. Choice of
date and sorts for sowing. 3. To treat the seeds (to give
drought-tolerant plants). 4. Cultivation of certain crop
plants. 5. Harvesting. 6. Seed corn, selection and storage.
7. Cultivation in shallow pits. A brief analytical survey of
Fan Shêng-Chih Shu: I. Fan Shêng-Chih the agriculturist
and his book Fan Shêng-Chih Shu. II. The background
of Fan Shêng-Chih Shu. III. Subject matters dealt with in
Fan Shêng-Chih Shu. Appendix I. Table of approximate
equivalents of measures used in Fan’s book. Appendix II.
Table of the 24 sub-seasons of a Chinese calendar year.
The text of more than 3,000 words was translated by
Shih Shêng-Han at the Northwestern College of Agriculture,
Wukung, Shensi.
A translation of the parts that mention soybeans is given
at the original document: See Fan Shengzhi shu (10 BC).

4.8 To plant hemp: Ameliorate the ground thoroughly
before sowing... 4.9 To plant male hemp: Plough and drill the
field in spring time when it thaws. After sprouting of weeds,
apply manure and plough down, harrow to level out (then
sow). See also 4.8.1 to 4.9.1.
“5. Harvesting... 5.2 How to harvest beans: When the
pods begin to darken and stalks are grey, reap immediately,–
or else you will lose the falling seeds. Hence the saying goes:
“beans ripen on (threshing) ground.” Ripening on threshing
ground means harvest with green pods above and darkened
pods below.” Then describes how to harvest female and male
hemp plants. “5.3.2. Twenty days after summer solstice, soak
harvested male hemp plants in water to soften. Basts thus
obtained are as good as silk.”
7.5 Lesser beans (azuki) “4 to 5 shêng per mou, may be
sown among melons; the bean leaves can be sold as greens.”
7.8 mentions cultivation of Perilla and sesame in shallow
pits. Address: Ph.D., Prof. of Plant Physiology, Northwestern
College of Agriculture [Wukung, Shensi], China.
1480. Went, Frits W. 1959. The periodic aspect of
photoperiodism and thermoperiodicity. In: Robert B.
Withrow, ed. 1959. Photoperiodism and Related Phenomena
in Plants and Animals: Proceedings of the Conference on
Photoperiodism. Washington, DC: American Assoc. for the
Advancement of Science. xvii + 903 p. See p. 551-564. [11
ref]
• Summary: “This symposium has heralded the twilight of
the chemical approach and marked the coming of age of
the physical approach to the problem of photoperiodism,
just half a century after Klebs started his work with
Sempervivum, which led him in 1913 to suggest that its
flowering was apparently controlled by the day length. In a
clear and frank appraisal Bonner has shown earlier in this
symposium that evidence for the chemical nature of the
intermediary steps between perception of the photoperiodic
stimulus and its manifestation is almost completely lacking
in spite of diligent and prolonged research. The most definite
evidence he saw was in the grafting experiments in which
a photoperiodically induced scion can make the stock plant
flower, indicating transfer of something material from scion
to stock. Also the first high-energy light process seemed
of a chemical nature, although Professor Bünning (p. 507)
pointed out that even this process might be largely connected
with the internal clock mechanism basic for flowering.
“Fortunately, the discarding of so many of the seemingly
fundamental concepts of the chemical control of flowering
need not bother the theoretically inclined biologists so much,
since the recognition of the periodic aspects of the problem
can at least partly substitute for the discarded ideas, and it
is most encouraging that at this symposium so much new
material has been presented relating to this periodic aspect.”
“I want to stress that I do not reject a single fact in the
extensive photoperiodic lore; I claim only that they give a
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one-sided picture of the problem because all experiments
were slanted toward the photoside of it, neglecting the
periodicity and the temperature aspects. Whether I have
overemphasized them, will have to be seen in the future
when a proper balance between these views has been
achieved.” Address: Missouri Botanical Garden, St. Louis,
Missouri.
1481. Wetmore, Ralph H.; Gifford, Ernest M., Jr.; Green,
Margaret Cornett. 1959. Development of vegetative and
floral buds. In: Robert B. Withrow, ed. 1959. Photoperiodism
and Related Phenomena in Plants and Animals: Proceedings
of the Conference on Photoperiodism. Washington, DC:
American Assoc. for the Advancement of Science. xvii + 903
p. See p. 255-273. [29 ref]
• Summary: “In the higher plants, a bud is defined as an
undeveloped state of a main stem or a branch; it usually has
embryonic leaves, some possibly modified as protective
scales. Whether a bud is terminal, axillary, or adventitious,
whether it is in vegetative or flowering phase, its distal
end is characteristically terminated by an apical meristem.
This apical meristem is of unique importance to the plant.
It is known, for example, that (1) its component cells are
capable of cell division under favorable conditions, thereby
increasing the number of cells comprising it and so adding
to the length of the axis concerned; (2) leaf primordia are
produced in regular, orderly sequence from aggregates
of these newly produced cells; aggregates of cells of the
apical meristem in or above the axils of these newly formed
leaf primordia become the new bud primordia.” Address:
Biological Laboratories, Harvard Univ., Cambridge,
Massachusetts.
1482. Withrow, Robert Bruce. ed. 1959. Photoperiodism
and related phenomena in plants and animals. Washington,
DC: American Assoc. for the Advancement of Science. xvii
+ 903 p. Illust. 24 cm. Proceedings of the Conference on
Photoperiodism held Oct. 29 to Nov. 2 1957 in Gatlinburg,
Tennessee.
• Summary: This Conference was sponsored by the
Committee on Photobiology of the National Academy of
Sciences–National Research Council and supported by the
National Science Foundation. Robert Bruce Withrow lived
1904-1958. Individuals papers that discuss soybeans are
cited separately. Address: Smithsonian Institution.
1483. Hoch, G.E.; Schneider, K.C.; Burris, R.H. 1960.
Hydrogen evolution and exchange and conversion of N2O to
N2 by soybean root nodules. Biochimica et Biophysica Acta
37(2):273-79. Jan. 15. [15 ref]
• Summary: “Soybean root nodules support the evolution
of H2 and an exchange reaction yielding HD from D2 and
endogenous H donors. The evolution of hydrogen is inhibited
by N2 and N20 but is rather insensitive to CO. The exchange

reaction is strongly inhibited by CO and by N20 but is
activated by N2. N20 is converted to N2 by soybean nodules.
A working hypothesis to encompass these experimental
observations has been proposed.” Address: Dep. of
Biochemistry, College of Agriculture, Univ. of Wisconsin,
Madison, WI.
1484. Seed World. 1960. Rebel–A new soybean. 86(2):13.
Jan. 22.
• Summary: This new soybean variety was developed by
breeders at the Bobshaw Pedigreed Seed Company. Best
suited for southern states, it as yielded as much as 10 bu/acre
more than other soybeans in the same maturity group. “It is a
non-shatter type bean with its pod set well above the ground,
which, with its tall upright growth, results in excellent
combining efficiency.”
1485. Brown, J.C.; Tiffin, L.O. 1960. Iron chlorosis in
soybeans as related to the genotype of rootstock: 2. A
relationship between susceptibility to chlorosis and capacity
to absorb iron from iron chelate. Soil Science 89(1):8-15.
Jan. [11 ref]
• Summary: “Rootstocks of PI-54619-5-1 (PI) and Hawkeye
(HA) soybeans regulate the absorption and translocation
of Fe from a growth medium (5). A continuous source of
available Fe is necessary for the growth of both soybean
varieties (3), but to prevent iron chlorosis the PI variety
requires more available Fe than the HA.
“Iron chelates have been used effectively in soils and
nutrient culture as an available and soluble source of Fe
for plant growth. Tiffin and Brown (11) found that Fe was
absorbed from the metal chelate at the root, leaving most of
the chelating agent in the nutrient culture. It was suggested
that a metabolic process in the root may be involved in
releasing Fe from iron chelate and that this process may
determine a plant’s capacity to absorb Fe from a growth
medium.” Address: USDA Agricultural Research Service,
Beltsville, Maryland.
1486. Lehman, W.F.; Lambert, J.W. 1960. Effects of spacing
of soybean plants between and within rows on yield and its
components. Agronomy Journal 52(2):84-86. Feb. [11 ref]
• Summary: “Synopsis: Seed yields tended to be higher at
the narrow spacing between rows. The effects of spacing
within row were variable. All four components of yield were
affected to some degree by spacing. However, seed and pod
numbers were affected more than seed weight and seeds per
pod. The relative importance of branches varied with spacing
for seed and pod numbers but had little or no effect on seed
weight and seeds per pod.” Address: Univ. of Minnesota, St.
Paul, MN.
1487. American Soybean Association. 1960. Soybean Blue
Book. Hudson, Iowa: American Soybean Assoc. 144 p.
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Advertisers’ index. 22 cm.
• Summary: Contents: American Soybean Association.
Japanese American Soybean Institute. National Soybean
Processors Association. Soybean Council of America.
Midsouth Soybean and Grain Shippers Association. Ontario
Soya-Bean Growers’ Marketing Board. U.S. Department
of Agriculture: Agronomic Research (ARS [Agricultural
Research Service]), Disease Research, Entomological
Research, Utilization Research and Development (Northern
Utilization Division [NRRL], Eastern, Southern, Western),
Marketing Research.
Tables: (1) World soybean production. (2) Canadian
soybean production. (3) Soybean production, utilization
and value, 1936-1959 Canada. (4) Soybean crushings in
Canada. (5) Soybean production–United States (with acreage
and yield), 1924-1959. (6) U.S. Soybean production by
states (1959). (7) U.S. soybean production, supply, and
utilization (incl. exports, carryover), 1924-1959. (8) U.S.
soybean production, acreage, and yield by state, 1924-1959.
(9) U.S. soybeans: Inspected receipts. (10) U.S. soybeans–
supply and distribution, 1952-1959 (1,000 bushels). (11)
U.S. Soybean oil meal and cake production, supply and
utilization, 1924-1959 (1,000 tons). (12) Soybean oil, meal
and cake production and stocks by states, 1955-1958. (13)
Oilseed cake a meals, supply and distribution, Oct. 1950-59.
Incl. soybean, cottonseed, linseed, peanut, copra, total. (14)
Production of protein concentrates (cake and meal), 193741 (avg.) to 1951-59. Incl. soybean, linseed, cottonseed,
copra, gluten feed and meal, tankage and meat scraps, fish
cake and meal, dried milk products (dried and concentrated
skim milk, buttermilk, and whey used for animal feed),
other milk products (fed on farms), total. Note: In 195354,395,000 tons of dried milk products were fed to animals.
(15) U.S. soy flour production. (16) Production and exports
of soy flour and grits (incl. full fat, low fat, and defatted
products, exported commercially or to military). (17)
Production of mellorine [frozen dessert where vegetable oil
replaces butterfat], 1953-59, by month. (18) U.S. fats and
oils production, 1937-41 (avg.) to 1959. Incl. Butter, lard,
edible beef fats, total edible animal fats, corn oil, cottonseed,
edible olive oil, peanut oil, soybean oil, total edible vegetable
oils, inedible oils. (19) Soybean oil utilization, 1931-1959
(million lb). Incl. Foods: Margarine, shortening, other, total,
Non-food products: Soap, paint & varnish, other drying
oil products, miscellaneous, loss, total, total domestic
disappearance. (20) Same as No. 19 but in percentages.
(21) Utilization of soybean products, 1955-56 to 195859. Incl. meal and oil: Livestock feed, industrial, fertilizer,
export; from 1955 to 1959, use of soybean oil meal as a
fertilizer was negligible, whereas 2.5 to 3.9% was exported.
(22) Prices of U.S. soybeans, by month and season average,
1923-1959. (23) Same as No. 22 but only for No. 1 yellow:
Chicago, Illinois country shipping points, Minneapolis. (24)
Same as No. 21 but soybeans for crushing, No. 2 yellow.

(25) Value of U.S. soybean crop, 1925-59 (thousand dollars)
in these states: Total USA, Illinois, Iowa, Indiana, Ohio,
Missouri, Minnesota. (26) Soybean price support operations,
1932-33 to 1959-60. Started in 1941-42 and has continued to
the present, with a peak of $2.56 per bushel in 1953-55. (27)
Price spread, soybeans and end products, 1945-1958. Spread
between price received by farmers and value of products.
(28) Prices of U.S. soybean oil meal (44% protein), 19291959 by month. (29) Prices of U.S. crude soybean oil, by
month, 1929-30 to 1959-60. (30) Imports, exports, soybeans,
oil and meal.
(31) Soybeans: Inspections for export, 1957-59, with
country of destination and port of departure. (32) U.S. trade
in soybeans, fats and oils. (33) Oil and fat exports under
P.L. 480. Total, cottonseed oil, soybean oil, Oct. 1954 to
Sept. 1959. Incl. country of destination, the top four being
Turkey, Pakistan, Israel, and Egypt. (34) Imports, exports
cake and meal, 1929-1958, incl. cottonseed, soybean,
linseed, peanut, copra. Exports incl. country of destination.
(33) Soybeans: Crushings and yields of oil and meal. (35)
Bar chart: Major markets for U.S. soybeans since 1953:
West Germany, Netherlands, Other Europe, Japan, Canada,
Other. (36) Composition of soybean seeds, by variety, incl.
Maturity Group No., % protein, % oil, weight of 100 seeds in
grams. (37) Amino acids of soy protein. (38) Composition of
Lecithin. (39) Composition of soybean oil, by variety. Incl.
linolenic acid, linoleic acid, oleic acid, saturated acids.
Official standards for soybeans, Revised effective
Sept. 1, 1955. Soy flour standards, for full-fat, low-fat, and
defatted. Densities of various soybean products. Map of the
USA showing the best adapted soybean varieties for each
major soybean producing state. Directories: Processors of
soybeans, by state, with address and names of officers (p. 5674). Canadian soybean processors (p. 74). Manufacturers of
50% protein soybean meal (by state, p. 76). Foreign soybean
processors, by country (p. 78-81). Refiners of soybean oil,
by state (p. 82-84). Manufacturers and handlers of soy foods
(p. 86-93): Beverages, breakfast foods, canners of green
vegetable soybeans, canners of mature soybeans, cookies,
crackers, toasts and wafers, frozen desserts (companies
that make vegetable oils used in frozen desserts), health
food store & supply houses, lecithin, macaroni, spaghetti
& noodles, margarine, meat substitutes, proteins (Griffith
Labs, Gunther, Worthington Foods), pudding powders
(Brockville, Ontario, Canada), Salad and cooking oils,
shortening, sausage binders, seasonings, soups, soybean
oil, soybeans for cooking and sprouting, soy butter (Town
Food Co., Riverside, California, makes “Town: soy lecithin
spread”; Shedd-Bartush Foods, Detroit, Michigan, makes
“Willow Run” soy spread), soy cheese [tofu], soy flour, grits
and flakes, soy flour mixes, soy milk, soy sauce, sprouts,
vitamins, whipping agents.
Manufacturers of industrial products employing
soybeans (p. 94-95): Caulking compounds & floor tile,
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coated papers & leather dressing, fire-fighting foam,
glues, plywood & adhesives, insecticides, laminating,
lecithin, oilcloth and coated fabrics, paints and varnishes
(13 companies), paper sizings, wallpaper and wallboard
coatings, resins, soaps, soybean fatty acids (8 companies),
soybean oil. Services for the industry (p. 96-109): Analysts,
appraisals, brokers, commission merchants & jobbers,
consultants, engineering services, export elevators, exporters
& importers, export warehousing and handling, farm
management, field warehousing, futures market, market
analysis, mill construction contractors, milling service,
miscellaneous services, oil transports, transportation.
Equipment and supplies for the soybean industry (p.
110-32): Aspirators, bagging equipment, belting, chains,
conveyors, elevators, defoliants, drying and aeration
equipment (farm driers, grain driers, meal driers), dust
control systems & dust collectors, elevator buckets,
fans, farm equipment, fertilizers, fumigants, fungicides,
germinators, grain and seed cleaning and separation
equipment, grain grading equipment & moisture testers,
grain handling equipment, granulators, grinding & mixing
equipment, herbicides, insecticides & pesticides, inoculants,
laboratory equipment, man-lifts, material level indicators,
materials handling equipment, miscellaneous equipment,
packaging materials, pelleting machines, power transmission
equipment, pumps, respirators, seed protectants, sifters,
soil testing, soybean storage (elevator & processing units,
farm units), spraying and irrigating equipment, temperature
systems, transportation equipment, truck lifts, unloaders,
waterproofing, weighing and packaging equipment.
Soybean processing [crushing] and oil refining
equipment and supplies (p. 134-42): Bleaching and filtering
equipment, catalysts, complete plants [for crushing],
continuous counter-current solvent extractors, continuous
screw presses, degumming, deodorization, fractionation,
hydraulic pressing equipment, hydrogenation, margarine,
miscellaneous equipment, neutralization, shortening, solvent
recovery, solvents, soybean seed [suppliers and private
breeders], vegetable soybean seed.
Advertisers’ index: Incl. Allied Mills, V.D. Anderson,
ADM, Arkansas Grain Corp., Big 4 Cooperative Processing
Assn., Blaw-Knox Co., Buhler Mill Engineering Co., Cargill
Inc., Central Soya Co., Crown Iron Works Co., Dannen Mills
Inc., Delphos Grain and Soya Products Co., Albert Dickinson
Co., Louis Dreyfus Corp., Esso Standard Oil, Farmers
Cooperative Assn., Farmers’ Cooperative Co., Felco Soybean
Oil Meal Dealers, French Oil Mill Machinery Co., Funk
Bros. Seed Co., Galesburg Soy Products Co., General Mills
Inc., Jacob Hartz Seed Co., Inc., Honeymead Products Co.,
Huntley Mfg. Co., Illinois Soy Products Co., Iowa Milling
Co., Iowa Soya Co., Jensen Mills, Kansas Soya Products Co,
Inc., Spencer Kellogg & Sons, Inc., Lauhoff Soya Co., Albert
Lea Engineering Co., North Iowa Cooperative Processing
Assn., Penola Oil Co., Phillips Petroleum Co., Pillsbury Co.,

Port of New Orleans, Quincy Soybean Products Co., Rice
Grain Corp., Seedburo Equipment Co. (measures oil content
of soybeans in 10 minutes), Skelly Oil Co., A.E. Staley Mfg.
Co., T.W. Wood & Sons (Seedsmen since 1879; Richmond,
Virginia). Address: Hudson, Iowa.
1488. Howell, R.W.; Wargel, C.J.; Brim, C.A.; Hartwig,
E.E.; Lambert, J.W.; Thompson, J.R.; Stefansson, B.R.;
Park, J.K.; Seigler, W.E.; Webb, B.K. 1960. Response of
soybeans to seed-treatment with gibberellin under simulated
commercial conditions. Agronomy Journal 52(3):144-46.
March. [14 ref]
• Summary: “The response of soybeans to seed treatment
with gibberellin was studied at eight locations from
Winnipeg, Manitoba [Canada], to Coahoma, Mississippi.
Stands and yields were reduced by applications of either
2 or 8 g. potassium gibberellate per bushel of seed. While
treated plants were taller in the seedling stage, at maturity the
controls were more than 5 inches taller than treated plants
in most cases, Maturity and oil and protein contents of the
seed were not affected consistently by gibberellin treatment.”
Address: 1. Plant Physiologist, Crops Research Div., ARS,
USDA.
1489. Key, Joe L.; Hanson, John B.; Bils, R.F. 1960. Effect
of 2,4-dichlorophenoxyacetic acid application on activity
and composition of mitochondria from soybeans. Plant
Physiology 35(2):177-83. March. [24 ref]
• Summary: “It can be assumed that mitochondria possess
a normal biological ontogeny; they must have an origin, a
period of growth, and lastly, a period of senescence. During
growth a series of integrated biochemical syntheses must
produce the basic membranous structure as well as the
enzymes involved in oxidative phosphorylation.” Address:
Dep. of Agronomy and the Electron Microscope Laboratory,
Univ. of Illinois, Urbana.
1490. Nagata, Tadao. 1960. Studies on the differentiation
of soybeans in Japan and the world. Memoirs of the Hyogo
University of Agriculture (Agronomy Series 4) 3(2):63-102.
March. Agronomy Series No. 4. [101 ref. Eng]
• Summary: In these pioneering, innovative, and fascinating
studies, the author uses mainly physiological and
morphological data to point out the paths of dissemination of
the soybean from China to the rest of the world. He has been
studying the subject since 1944 and this is his most definitive
publication to date.
Nagata shows that two morphologically different
ecological clines can be distinguished in the population of
cultivated Japanese soybean varieties: a full-season crop
cline and a short-season crop cline.
Note: Clines consist of ecotypes or forms of species that
exhibit gradual phenotypic and/or genetic differences over a
geographical area.
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He also shows that these two clines were introduced
separately into Japan from different geographical regions.
The full-season cline from north-central China through
Korea and the short-season cline from central-south China
through Taiwan, the Ryukyu Islands, and into southern
Japan.
Contents: Introduction. 1. Classification of soybeans
by their degree of summer vs. autumn habit: Reduced rate
of period of flowering by delay of time of planting, relative
flowering and relative growing period in comparison to
the period of flowering. 2. Classification of soybeans by
their plant habit [e.g. vining and twining, transmitted from
the wild form; determinate vs. indeterminate]: Vining
habit affected by the time of planting, determinate vs.
indeterminate growth habit and the relation to the vining
habit. 3. Interrelation among the summer vs. autumn soybean
habit, plant habit and other characters: Interrelation between
the summer vs. autumn soybean habit and the plant habit,
interrelation of the relative flowering period and relative
growing period to the determinate vs. indeterminate growth
habit and seed size. 4. Geographical distribution of soybeans
in Japan: Distribution of summer vs. autumn soybean habit,
distribution of relative growing period of summer soybean
and intermediate types, distribution of plant habit.
5. Geographical distribution of soybeans in the
world: Distribution of summer vs. autumn soybean habit,
distribution of the relative flowering period and relative
growing period of summer soybean and intermediate
types, distribution of plant habit. 6. The clinal tendencies
of soybean distributions and genecological differentiation
occurring along with the spreading: Clines established with
summer vs. autumn soybean habit, clines established with
plant habit, clines established on combination of the habits
and their ecotypic significance. 7. Some considerations on
the origin and dissemination of cultivated soybeans: Origin
of culture, paths of dissemination. General conclusions:
Origin of soybean culture, dissemination of soybean,
ecological differentiation of soybeans.
The distinction between summer and autumn soybeans
is an old one in Japan, dating back to the Edo period (1600
to 1868); it seems to have originated from analogous terms
used in old China. The summer soybean is planted early, in
April, and harvested in July to August, as a short-season crop
in southwestern Japan, including the islands of Kyushu and
Shikoku, and in the Kinki district [around Kyoto, Osaka,
Nara, and Wakayama]. By contrast, the autumn soybean type
is planted later, in June or July, and harvested in November
to December in southwestern Japan. However a reliable
criterion for distinguishing summer and autumn types has
not been established to date (p. 65). The author believes
one criterion is the rate of reduction of the number of days
to flowering by the delay of planting time. This is shown
clearly by the graph in figure 1. When autumn, intermediate,
and summer soybeans are planted on April 5, they take about

102, 68, and 43 days to flower respectively. However when
they are planted on Aug. 13, they take about 32, 22, and 25
days to flowering. Thus the change in the number of days to
flowering is largest in the autumn soybean and smallest in
the summer soybean.
Although maturity is the most important character
dividing soybeans into maturity groups in the USA, this
system is not used much in Japan since it is difficult to
distinguish there between the many varieties of soybeans
differing from one another in earliness or lateness.
The author divides all Japanese soybeans into four main
types and ten sub-types: Summer soybean type (with 3 subtypes), intermediate type (with 2 sub-types), autumn soybean
type (with 3 sub-types), and tropical soybean type (vining).
“Relative flowering period” and “relative growing
period” are two key concepts that are hard to understand.
Each can be calculated by dividing (1) the number days from
the beginning to the end of flowering, or (2) the number
of days from emergence to maturity, by (3) the number of
days from emergence to flowering. Summer soybeans have
relatively long lengths of both periods and autumn soybeans
have relatively short lengths.
Concerning vining habit, soybeans may be divided into
3 types: Consistent vining, variable vining, and nonvining.
The earlier the first two types are planted, the greater
the degree of vining they show. Plants with a consistent
vining habit are always indeterminate, whereas those with
a variable vining habit are always indeterminate. Those
with a non-vining habit are usually determinate, but about
10% may be indeterminate. Summer soybean rarely show
vining. Indeterminate growth habit is accompanied by stem
elongation after the beginning of flowering.
Table 9 shows that summer soybeans have a longer
relative flowering period and longer relative growing period
than autumn soybeans. Yet (contrary to the text) table 10
seems to indicate that summer soybeans have smaller (lighter
weight) seeds than intermediate or autumn soybeans. Thus
large-seeded soybeans are most likely to be of the autumn
type.
Table 11 shows that the soybeans grown in Hokkaido
(Japan’s northernmost main island) are mostly summer
soybeans; they are planted in early May and harvested in
October. No autumn type soybeans are grown in Hokkaido.
In the nearby northeast prefectures (Tohoku) intermediate
type soybeans predominate. Autumn type soybeans are most
widely grown in the Kinki and Chûgoku regions of central
and south Japan. In the far south of Japan, summer- and
intermediate type soybeans predominate.
Table 13 shows regional distribution of soybeans with
respect to their seed sizes. The largest soybean came from
Kantô; 60 gm per 100 seeds. The next two largest came from
Tohoku and Kinki; 35 gm per 100 seeds.
Figure 9 (p. 82) shows that worldwide (especially in
the USA, Europe, and East Asia), the soybeans grown at
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far northern latitudes (above 40º north latitude) tend to be
summer soybeans (short season crop) with a long relative
flowering period, a long relative growing period, and a
special non-vining habit or normal habit. Autumn soybeans
tend to be grown at more southerly latitudes. Most soybeans
grown between the equator and 20º north latitude are tropical
or autumn type soybeans with a vining habit.
Note: The author makes no attempt to correlate
edamame (green vegetable soybeans) with a certain type,
habit, or seed size. Address: Sasayama, Hyogo-prefecture.
1491. Ohmura, Takao; Howell, Robert W. 1960. Inhibitory
effect of water on oxygen consumption by plant materials.
Plant Physiology 35(2):184-88. March. [12 ref]
• Summary: Materials include: Freshly harvested maturing
soybeans (Glycine max (L.) Merr., var. Roanoke);
germinating soybeans (var. Clark).
Summary: “Adding water to corn, soybean, and barley
tissues resulted in marked decreases of oxygen uptake.
Carrot, oat, and potato tissues were affected similarly but to
a smaller degree. Substitution of oxygen for air in the gas
phase partially or completely reversed the effect of added
water.”
“The oxygen uptake of intact soybean cotyledons
during germination is rate-limited by the lack of sufficient
phosphate acceptors and by the rate of oxygen diffusion.”.
Address: Dep. of Agronomy, Univ. of Illinois, Urbana,
Illinois; Crops Research Division, ARS/USDA, Urbana, Ill.
1492. Pendleton, J.W.; Bernard, R.L.; Hadley, H.H. 1960.
For best yields grow soybeans in narrow rows. Soybean
News (NSCIC) 11(1):2-5. April. Also published in Illinois
Research 2(1):3-4 (1960).
• Summary: “Many years ago, when soybeans first came
into the corn belt, Illinois agronomists showed that optimum
yields were obtained from narrow row spacings. However
the ease with which soybeans could be planted and cultivated
with corn equipment led most farmers to use 40-inch row
spacings.” But tests show that 24-inch rows give 15% more
yield than 40-inch rows. Address: 1. Assoc. Prof. of Crop
Production, Univ. of Illinois.
1493. Washko, J.B. 1960. Soybean varieties for forage and
grain in Pennsylvania. Pennsylvania Agricultural Experiment
Station, Bulletin No. 666. 9 p. April.
• Summary: “Several soybean varieties were evaluated at
University Park and Landisville over the 6-year period,
1951-56, for both forage and grain production.” At
University Park, in the early maturity group, the top 4 seed
yields were given by Blackhawk, Chippewa, Earlyana, and
Monroe. Top four in the midseason maturity group were
Adams, Lincoln, Harosoy and Hawkeye.
The 1954 Census shows that only 42,000 acres of
soybeans were produced in Pennsylvania. “This acreage

was distributed among the following uses: 21,000 for grain,
10,000 for hay, 9,000 for grazing, hogging down, and silage,
and 2,000 for green manure. During the 10-year period,
1946-1955, soybean grain yields averaged 17.4 bushels;
and hay yields, 1.66 tons per acre, according to the 1957
Pennsylvania Crops and Livestock Annual Summary.”
Address: Prof. of Agronomy, University Park, Pennsylvania.
1494. Runge, E.C.A.; Odell, R.T. 1960. The relation between
precipitation, temperature, and the yield of soybeans on the
Agronomy South Farm, Urbana, Illinois. Agronomy Journal
52(5):245-47. May. [5 ref]
• Summary: “Synopsis: Precipitation and maximum daily
temperatures from June 25 through September 20 explained
68% of the variation in soybean yields from 1909 through
1957. Above-normal precipitation during July (period of
major vegetative growth) and from mid-August to midSeptember (grain filling period) increased soybean yields,
but abundant rainfall during other periods decreased yields.
Maximum temperatures during July and August are too high
for optimum soybean yields.”
Varieties mentioned include Ebony, Illini, and Hawkeye.
Address: Illinois Agric. Exp. Station, Urbana, IL; Univ. of
Illinois.
1495. Somerhalder, B.R.; Schleusener, P.E. 1960. In west
central Nebraska, proper timing of irrigation can increase
soybean production. Nebraska Agricultural Experiment
Station Quarterly 7(1):16-17. Spring.
• Summary: Soybeans have been grown successfully under
irrigation at the North Platte Experiment Station for the last
two years. Yields have been as high as 41 bushels per acre.
Tests were set up to determine the best irrigation schedule
and row spacing for top soybean production.
“Irrigation treatments covered a range from no
irrigation after planting to complete irrigation to maintain
low soil moisture tension throughout the season, Table 1.
Intermediate irrigation treatments were timed to coincide
with stage of plant development. The entire plot area was
preirrigated in April to bring the stored soil moisture up to
field capacity in the top six feet or more of soil.
“The soil on the plot area is a silt loam and has the
capacity to store approximately 1.5 inches of available soil
moisture per foot of depth. This stored water reserve, added
to the rain that usually falls in the growing season, provides
a total of 18 to 20 inches of available water in the top six
feet of soil. Total water used by the soybeans increased as
the number of irrigations increased, Table I. Total water
use includes rainfall, irrigation, and the change in stored
moisture in the root zone of the soil. The plants receiving
no irrigation after planting used the least water–18 inches.
Plants receiving one irrigation at early bloom used 19 inches
of water, of which 1½ inches was irrigation water. Plants
irrigated once at late bloom used nearly 20 inches of water,
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of which about 4 inches was from irrigation–very similar to
plants irrigated at both early and late bloom...” Address: 1.
Asst. Agricultural Engineer, North Platte Experiment Station,
Nebraska Agric. Exp. Station.
1496. Rice, William N. 1960. Development of the cold
test for seed evaluation. Proceedings of the Association of
Official Seed Analysts 50(1):118-23. June.
• Summary: “About twenty years ago at the Iowa State
College (now University) Seed Laboratory an investigation
was initiated with the objective of measuring the
germinability of seed lots when planted in an environment
unfavorable for germination. The reason for this approach
was that not infrequently seed lots of hybrid corn, peas,
soybeans, and many vegetables when planted in cold wet
soil in the field failed to give satisfactory stands even though
the standard laboratory test indicated high germinability.
By 1946 a considerable body of data had been accumulated
and some were published in a research bulletin from the
Iowa Agricultural Experiment Station, in Annual Reports
and in the Botanical Review. Since that time a number of
investigators have published papers on what has come to be
known as the ‘cold test.’” Address: Univ. of Massachusetts,
Amherst, Massachusetts.
1497. Howell, R.W. 1960. Physiology of the soybean.
Advances in Agronomy 12:265-310. [335 ref]
• Summary: The first comprehensive review on soybean
physiology by the leading authority on the subject.
Contents: Introduction. Germination: Environmental factors,
metabolism of germination. Root growth and nodulation:
Environmental factors, nodulation and nitrogen fixation. Top
vegetative growth: Environmental factors, metabolism, plant
composition. Flowering: Day length, chemistry of flowering,
other aspects of flowering, varietal differences in flowering.
Pod and seed development: Environmental factors,
composition of seed. Discussion. References. Address: U.S.
Regional Soybean Lab., Urbana, Illinois.
1498. Woodruff, C.M.; McIntosh, J.L.; Mikulcik, J.D.;
Sinha, H. 1960. How potassium caused boron deficiency in
soybeans. Better Crops with Plant Food 44(4):4-8, 11. July/
Aug. [6 ref]
• Summary: “Conclusions: 1. The reason for depression of
growth of soybeans by large amounts of potassium on a low
boron soil is complex, It is related in part to a depression
of the uptake of boron by the plant and also the subsequent
depression of the uptake of calcium and magnesium. With
adequate amounts of boron in the soil, large amounts of
potassium produced no such adverse effects.
“2. The tendency of potassium to depress the
concentrations of calcium and of magnesium in plants,
sometimes leading to symptoms of deficiencies of these
elements, may in many cases indicate only that the soils in

question lack sufficient boron.
“3. It would appear that where soils are low in boron,
the evaluation of the effects of potash fertilizer by field plot
tests should be made only in conjunction with applications
of boron–or after ascertaining by means of soil tests that
adequate amounts of boron are present.
“4. If the results of soil tests are to provide reliable
guides for the fertilization of soils, especially in regions
where soils may need boron, then soil testing laboratories
should be equipped to make a test for boron. A knowledge of
the potassium-boron relationship should aid in establishing
suitable standards for such tests.”
Contains 3 photos showing the effects of boron on
soybeans.
Table 1 shows the “Composition of the soybean leaf as
affected by potassium and boron treatments of the soils.”
Address: Dep. of Soils, Missouri Agric. Exp. Station.
1499. Ahmed, Shaukat; Evans, Harold J. 1960. Cobalt: A
micronutrient element for the growth of soybean plants under
symbiotic conditions. Soil Science 90(3):205-10. Sept. [7 ref]
• Summary: Conclusion: The results of experiments
summarized in this paper provide strong evidence that cobalt
is an essential element for the growth of soybean plants
under symbiotic conditions with nitrogen-fixing bacteria.
Address: North Carolina Agric. Exp. Station.
1500. Brown, D.M. 1960. Soybean ecology. I. Developmenttemperature relationships from controlled environment
studies. Agronomy Journal 52(9):493-96. Sept. [15 ref]
• Summary: “The aim of this study was to devise a system
of heat units that would serve as a better maturity rating than
calendar days.”
Development of the soybean plant (number of days
to flowering) is optimum at about 86ºF. The curve of
development is parabolic, with development dropping to zero
at about 50ºF and dropping to about 20% below the peak
at 100ºF. Address: Research Fellow, Dep. of Physiography,
Ontario Research Foundation, Toronto, Canada.
1501. Brown, D.M.; Chapman, L.J. 1960. Soybean ecology.
II. Development-temperature-moisture relationships from
field studies. Agronomy Journal 52(9):496-99. Sept. [6 ref]
• Summary: Lack of available moisture slows the average
rate of development. “These studies were conducted in
Ontario at Brampton, Guelph, Jarvis, and Harrow, from 1954
to 1958, and at Ames and Kanawha, Iowa, from 1955 to
1957.”
Three phenological stags were recorded: (1) First
bloom date, when one or more of the plants had one or more
flowers visible. (2) Maximum podding date, when 95% of
the plants had pods 1/8 to 1/4 inch long on uppermost nodes
of the main stem and lower pods full length. (3) Maturity
date, when all leaves had fallen and at least 95% of pods had
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turned brown.
The period prior to the first bloom date is referred to
as the preflowering period. Address: 1. Research Fellow;
2. Senior Research Fellow. Both: Dep. of Physiography,
Ontario Research Foundation, Toronto, Canada.
1502. Miller, G.W.; Brown, J.C.; Holmes, R.S. 1960.
Chlorosis in soybean as related to iron, phosphorus,
bicarbonate, and cytochrome oxidase activity. Plant
Physiology 35(5):619-25. Sept. [20 ref]
• Summary: “Many investigators have reported reduced
iron accumulation in the shoots of plants when grown
in calcareous soil or bicarbonate solutions (3, 5, 11, 19).
Correlated with decreased iron content in shoots, Thorne and
associates (7, 18, 20) have found iron accumulation in the
roots. These results suggest iron immobilization within the
chlorotic plant and reduced translocation to the leaves.
“It has been established that bicarbonate ions are
involved in lime-induced chlorosis.” Address: USDA/ARS,
Beltsville, Maryland and Utah Agric. Exp. Station, Logan.
1503. Nagata, Tadao. 1960. Daizu no kaika nissu, kaika
kikan, ketsujitsu nissu ni oyobosu niccho no eikyô no
sogo kankei, tokuni kankei kaika kikan, kankei seiiku no
hinshu hansai to no kanren ni tsuite [Interrelation of the
effects of daylength on the period of flowering, flowering
period, and seed forming period, with special regards to the
relative flowering period and the relative growing period
of soybeans]. Ikushugaku Zasshi (Japanese J. of Breeding)
10(3):188-94. Oct. 20. [10 ref. Eng; jap]
• Summary: “As emphasized in the former report (Nagata
1950), soybeans vary in the relative flowering period and
the relative growing period compared with the period from
emergence to flowering, and the said properties have intimate
relation to the distribution of soybeans in Japan and the
world (Nagata 1959, 1960). Nevertheless, the factors giving
rise to these varietal differences have not been clarified to
date. Parker and Borthwick (1951) and Fukui and Yarimizu
(1951, 1952) dealt with the problem of the effects of
daylength and temperature on the growths of pod and seed,
and maturity. They observed that the daylength was a more
marked factor affecting those growing processes than the
temperature. Other researchers have also observed the effect
of temperature at night on the seed formation or fructification
(Furutani 1950, Takeshima 1952, Tanda 1952). Above all,
Fukui and Yarimizu (1951, 1952) suggested that the long
seed forming period of soybeans belonging to the summer
soybean type or the intermediate type was attributable to
their high sensitivity to photoperiod during the seed forming
period.
“The author carried out several experiments on the
relative periods of soybeans mentioned above, and found
some correspondence of the determinate vs. indeterminate
growth habit, seed size, and photoperiodic perception to the

relative periods. The results obtained from the experiments
are reported in this paper.”
“Summary: In order to make it clearer to understand
the varietal difference of the relative flowering period and
the relative growing period, and the interrelations to other
characters, the effects of daylength on the flowering period
and the seed forming period were studied in the experiments
of 1953 to 1954.
“1. The daylengths from 10 to 18 hours appeared to have
greater effect on both of the said periods than on the period
to flowering at hours of threshold shorter than the critical
daylength. Such an effect differed between the varieties in
parallel with the lengths of the periods under short daylength,
that is, great on the flowering and the seed forming periods
of indeterminate soybeans and the seed forming periods of
determinate large seeded soybeans, while less on both of the
periods of determinate and small seeded soybeans.
“2. The difference in the effect of daylength mentioned
above was clear between the soybeans of summer soybean
type and intermediate type due to the sudden leap of the
period at the threshold daylength.
“3. Such results seem to make it easy to consider
the varietal difference in the relative periods and the
interrelations to determinate vs. indeterminate growth habit
and seed size under natural daylength in fields, as shown
schematically in Fig. 3.” Address: Hyogo Agricultural
College, Sasayama, Hyogo-ken, Japan.
1504. Brown, J.C.; Tiffin, L.O.; Holmes, R.S. 1960.
Competition between chelating agents and roots as factor
affecting absorption of iron and other ions by plant species.
Plant Physiology 35(6):878-86. Nov. [25 ref]
• Summary: “Absorption of iron by plants can be increased
by adding a chelating agent to the soil.”
“Plant species differ in their capacity to absorb iron
from chelating agents. In vitro experiments demonstrated
a competition between chelating agents for iron. In vivo
experiments showed that roots react like chelating agents in
their capacity to compete for the iron in a growth medium.
As the molar concentration of chelating agent was increased
to exceed that of iron, the amount of iron absorbed by the
plant decreased. The competitive effect of chelating agent
was overcome by adding more iron to the nutrient solution.
The concentration of iron and chelating agent in a growth
medium are discussed as controlling factors affecting the
absorption of iron and other nutrient elements by plants.”
Address: Mineral Nutrition Lab., Agricultural Research
Service, USDA, Beltsville, Maryland.
1505. Kahn, Varda; Howell, R.W.; Hanson, J.B. 1960. Fat
metabolism in germinating soybeans. I. Physiology of native
fat. Plant Physiology 35(6):854-60. Nov. [31 ref]
• Summary: “The fat reserve of seeds constitutes a major
source of reduced carbon for the growth of germinating
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embryos, including the soybean.” Esterases are thought to
play a major role in fat degradation. Electron microscope
studies of native-fat in soybeans suggests that the fat may be
enclosed in membranous structures; these structures probably
collapse as the fat is consumed. “Membranes should provide
both the hydrophilic and lipophilic properties required for fat
metabolism and might be the loci of many of the enzymes
involved.” Address: Univ. of Illinois, Urbana.
1506. Johnson, Herbert W.; Borthwick, H.A.; Leffel, R.C.
1960. Effects of photoperiod and time of planting on rates
of development of the soybean in various stages of the life
cycle. Botanical Gazette 122(2):77-95. Dec. [12 ref]
• Summary: A table shows mean responses for four
photoperiod treatments on six soybean varieties at all dates
of planting. They observed that floral induction in the
earlier varieties was less affected by photoperiod than in the
later varieties. They also observed that plant development
following floral induction in the late varieties was more
affected by photoperiod than in the early varieties. Thus,
“the plant was not responsive to the small differences in the
photoperiods imposed.” Address: Crops Research Div. &
Assoc. Prof. of Agronomy, Maryland Agric. Exp. Station.
1507. Nagata, Tadao. 1960. Morphological, physiological,
and genetic aspects of the summer vs. autumn soybean
habit, the plant habit, and the interrelation between them in
soybeans: Further studies on the genecological differentiation
of soybeans in Japan and the world. Hyogo Noka Daigaku
Kenkyu Hokoku, Nogaku-hen (Science Reports of the Hyogo
University of Agriculture) 4(2):71-95. Dec. [36 ref. Eng]
• Summary: Contents: Introduction. Effects of the daylength
and the temperature on the flowering of the summer vs.
autumn soybean types. Effects of the daylength on the
flowering period and the seed forming period, with special
regards to the relative flowering period and the relative
growing period. Morphological and physiological attributes
of the plant habit. Genetic associations among the summer
vs. autumn soybean habit, the plant habit and the others.
Summary and conclusion. Address: Lab. of Plant Breeding,
Sasayama, Hyogo-ken, Japan.
1508. Nagata, Tadao. 1960. Agronomic studies on the
genecological differentiation of soybeans in Japan and the
world. Hyogo Noka Daigaku Kenkyu Hokoku, Nogaku-hen
(Science Reports of the Hyogo University of Agriculture)
4(2):96-122. Dec. [22 ref. Eng]
• Summary: Contents: Introduction. I. Adaptation of the
summer vs. autumn soybean types to the planting time in
relation to the flowering and the fruiting: Flowering and
fruiting of the summer vs. autumn soybean types planted
in a spaced rate and at the times of successive intervals
throughout the growing season, effect of the daylength after
the flower primordia initiation on the flowering process

of the autumn soybean type in an ecological aspect of the
planting time.
II. Significance of the indeterminate growth habit in
the cultivation and breeding of soybeans. (1) Agronomic
characteristics of the soybeans having the said habit:
Properties of American soybeans attributive to their
indeterminate growth habit, a supposed reason for cultivating
the indeterminate growing soybeans in the tropics,
some genetic associations between the determinate vs.
indeterminate growth habit and other agronomic characters.
III. Significance of the indeterminate growth habit
in the cultivation and breeding of soybeans. (2) Regional
adaptabilities of the principal varieties of the summer
soybean type cultivated in different regions: Cooperative
performances in Japan, cooperative performances in the
United States of America. Summary and conclusion.
Address: Lab. of Plant Breeding, Sasayama, Hyogo-ken.
1509. Leh, H.-O. 1960. Die Wirkung von Streptomycin
auf das Wachstum einiger Kulturpflanzen [The effect of
streptomycin on the growth of some crop plants]. Zeitschrift
fuer Pflanzenernaehrung, Duengung, Bodenkunde 88(2):12948. [4 ref. Ger]*
• Summary: In large or small quantities, streptomycin was
toxic to Glycine soya [Glycine max]. Address: Techn. Univ.
Berlin.
1510. Mitrovic, Andelka. 1960. Uticaj giberelina na soju u
ranoj fazi razvica [The effect of gibberellin on soybeans in
the early phase of development]. Arhiv za Poljoprivredne
Nauke (Archives of Agricultural Science) 13(42):133-39.
[Ser]*
Address: Yugoslavia.
1511. Rutherford, B.E.; Pretty, K.M. 1960. The nutritive
value of corn and soybeans as influenced by soil treatment.
Agronomy Journal 52:27-29. *
• Summary: “The 2 crops were grown on infertile sandy
loam without fertilizer and with P, K or Ca dressings
separately and in each of the 4 possible combinations. Each
of the 16 resulting feeds was given to 8 albino rats to form
92.3 per cent. of a diet containing maize oil 5, vitamin mix
2.2 and NaC 0.5 per cent. Fertilisation with P substantially
increased the P content of the grains but composition was...”
1512. Anderson, C.E.; Postlethwait, S.N. 1960. The
organization of the root apex of Glycine max. Proceedings of
the Indiana Academy of Science 70:61-65. [17 ref]
• Summary: “The purpose of this paper is to compare the
pattern of development in the apex of the soybean root with
several theories on organization of root apices.”
The theories of Hanstein (1868, 1870), G. Haberlandt
(1914), Esau (1943, 1953), Brumfield (1943), Guttenberg
(1947), Foster (1949), Clowes (1956, 1958, 1959), and
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others.
“The soybean has as its organizational pattern a stele,
cortex, epidermis and root cap. An organized meristem is
responsible for the formation of the tissue of the root. The
meristem displays some discreet regions of activity, however,
in some areas cell division may be somewhat irregularly
distributed. The age of the root and the tissue type causes
dissimilarity in the location and number of cell divisions.
“Most of the cortex is produced by a single layer of cells
which can be distinguished early in the organization of the
apex.” Contains 4 illustrations (line drawings) of root apexes
and one photo (photomicrograph, 192 times magnification)
of a “4-day old soybean root apex” Address: Purdue Univ.,
Lafayette, Indiana.
1513. Bils, Robert Frederick. 1960. Biochemical and
cytological changes in the developing soybean cotyledon.
PhD thesis, University of Illinois at Urbana-Champaign.
74 p. Page 2444 in volume 21/09 of Dissertation Abstracts
International. *
Address: Univ. of Illinois at Urbana-Champaign.
1514. Decker, R.D.; Postlethwait, S.N. 1960. The maturation
of the trifoliate leaf of Glycine max. Proceedings of the
Indiana Academy of Science 70:66-72. [4 ref]
• Summary: “Introduction: The morphogenesis of the
trifoliate leaf of the soybean, Glycine max, var. Hawkeye,
can be divided into two phases. The first phase is the
formation of six layers of histogenic initials and the second
is the maturation of these layers into fully developed leaves.
As the first phase is still under study, this paper deals with
the latter.”
“Thirteen days after planting, the first trifolate leaf has
developed to a size large enough to handle as a separate
unit.”
Contains 8 photos of cross sections of the developing
leaf (114 to 229 times magnification).
“Summary: The differentiation and maturation of the
trifoliate leaf of Glycine max follows a basipetal pattern for
the veinlets of the leaf tissue while the midrib is acropetal.
Six layers of undifferentiated cells are formed in the lamina.
This number is constant throughout the life of the leaf. The
two outer layers form the epidermis. The two layers beneath
the upper epidermis form the palisade tissue and the two
layers above the lower epidermis form the spongy mesophyll
tissue. The differentiation and maturation pattern for the
leaflets of this trifoliate leaf are similar to that of a simple
leaf.” Address: Purdue Univ., Lafayette, Indiana.
1515. Gordienko, V.A. 1960. [Sexual hybrids of soya beans
obtained by directed bee pollination]. In: A.N. Mel’nichenko,
ed. 1960. [Pollination of Agricultural Plants by Bees]. Izd-vo
Minist. Sel’sko Khoz. SSSR. See p. 400-07. [Rus]*
• Summary: Gordienko used honey bees in cages with two

cultivars of soybeans. He fed the bees a scented sirup to
stimulate the floral visitation and obtained 29 percent hybrids
on one cultivar and 44 percent on the other. Address: USSR.
1516. Long Island Biological Association. 1960. Cold Spring
Harbor symposia on quantitative biology. Vol. 25. Biological
clocks. New York, NY: Long Island Biological Association.
524 p. 28 x 20 cm. *
1517. Meyer, Bernard S.; Anderson, D.B.; Böhning, R.H.
1960. Introduction to plant physiology. New York, NY: D.
Van Nostrand Co., Inc. v + 542 p. Illust. Index. 24 cm.
• Summary: Soybeans are not listed in the Index, however
they are mentioned on the following pages: 253, 328 (3
times), 329, 335 (2 times), 342, 343, 431, 446, 473, 474 (2
times), 475 (2 times), 476 (2 times), 477, 478 (2 times), 479
(2 times), 482 (2 times), 484, 533.
Eight to ten “References for Supplementary Reading”
are found at the end of each chapter. Address: 1. Prof. and
Chairman, Dep. of Botany and Plant Pathology, The Ohio
State Univ.
1518. Muséum National d’Historie Naturelle (France).
1960. Flore de Cambodge, du Laos et du Viet-nam [Flora
of Cambodia, Laos and Vietnam]. Paris: Muséum National
d’Historie Naturelle (France). Illust. 25 cm. [Fre]*
1519. Walker, Egbert H. 1960. A bibliography of Eastern
Asiatic botany. Supplement 1. Washington, DC: American
Inst. of Biological Sciences. 552 p. 26 cm. [17 soy ref]
• Summary: This book won the Oberly Award for
Bibliography in Agricultural Sciences in 1961. Address:
Washington, DC.
1520. Shaukat-Ahmed; Evans, Harold J. 1961. The
essentiality of cobalt for soybean plants grown under
symbiotic conditions. Proceedings of the National Academy
of Sciences, USA 47(1):24-36. Jan. 15. [30 ref]
• Summary: The biological importance of the element cobalt
was first recognized in 1935 with the discovery. reported in
three different papers, that small amounts would cure certain
deficiency symptoms in sheep and cattle. Underwood (1956)
has given a good review of the sequence of events leading to
these findings.
From culture-solution experiments it is concluded that
cobalt is essential for the growth of soybean plants under
conditions which force them to depend upon symbiotic
relationship with Rhizobium japonicum for nitrogen.
Address: Dep. of Botany and Bacteriology, North Carolina
Agric. Exp. Station, Raleigh, NC.
1521. Nagata, Tadao. 1961. Studies on the differentiation
of soybeans in the world, with special regard to that in
the Southeast Asia. III. Some photoperiodic aspects of the
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nature of the tropical soybeans. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
29(2):267-72. Jan. [14 ref. Eng; jap]
• Summary: In the tropics, soybeans are a crop of
minor economic importance. Concerning growth habit:
Indeterminate soybean plants are generally taller than
determinate soybean plants. Soybean plants from temperate
zones grow low in height when planted in the tropics and the
yield is usually lower. Address: Hyogo Agricultural College,
Japan.
1522. Hanson, W.D.; Leffel, R.C.; Howell, R.W. 1961.
Genetic analysis of energy production in the soybean. Crop
Science 1(2):121-26. March/April. [13 ref]
• Summary: “A plant produces energy by first synthesizing
sugar. The energy which is not used for plant metabolism and
growth is stored. The form in which the energy is stored and
the quality and the quantity of the stored energy is the unique
expression of a genotype grown within an environment.
Yield components such as seed size, seeds per fruiting unit,
and units per plant are genetically controlled but must be
considered subservient to the ability of a genotype to produce
energy unless storage limitations exist. Two genetic systems
should be considered: (i) the genetic potential required to
produce total seed energy and (ii) the genetic control of the
distribution of energy between seed fractions.” Address: 1.
Geneticist, Crops Research Div., Beltsville, Maryland.
1523. Key, Joe L.; Hanson, John B. 1961. Some effects
of 2,4-dichlorophenoxyacetic acid on soluble nucleotides
& nucleic acid of soybean seedlings. Plant Physiology
36(2):145-52. March. [24 ref]
Address: Dep. of Agronomy, Univ. of Illinois, Urbana.
1524. Saito, Masataka. 1961. Studies on the influence of
low-temperature on soybean plants. I. Effects of day or night
temperature on the growth and ripening of plants. Hokkaido
Nogyo Shikenjo Iho (Hokkaido National Agricultural
Experiment Station, Research Bulletin) No. 76. p. 9-14.
March. [15 ref. Jap; eng]
• Summary: Two late and one early soybean varieties
were used, grown in soil by pot culture. Two temperature
treatments were made, viz. at day time (8:00 a.m. to 5:00
p.m.) and at night time (5:00 p.m. to 8:00 a.m.) respectively.
“High temperature treatment was administered in the
green house and low temperature treatment was done under
natural air conditions. No photoperiodical treatment was
conducted.
“The results of this experiment were as follows: (1)
The growth of soybean plants differed with varieties used
in this experiment. Namely, in the early variety the growth
was more accelerated by high day-temperature than by high
night-temperature.
“But in the late varieties, plant growth was hastened by

high night-temperature.
“The plants grown under these conditions seemed to
show a poor growth, specifically, development of branches,
number of flowers and total plant weight decreased.
“It seemed that the difference between early and late
varieties were due to physiological mechanism of response to
temperature.
“(2) High night-temperature increased mean ovule
number of pods in 3-4 seeded pod varieties.
“(3) The oil content of seeds seemed to increase under
high day-temperature. On the other hand protein content of
seeds increased under high night-temperature conditions.”
1525. Haghiri, F.; Sayre, J.D. 1961. Strontium-90 uptake by
plants as influenced by soil types and liming. Proceedings–
Soil Science Society of America 25(2):120-23. March/April.
[9 ref]
• Summary: After 5 weeks growth, the most radioactive
strontium-90 was accumulated by buckwheat, followed
by soybean plants, alfalfa, Sudangrass, and maize–in that
descending order. Address: 1. Asst. Prof., Ohio Agric. Exp.
Station; 2. Plant Physiologist, CRD, ARS, USDA.
1526. Brown, D.M.; Owen, C.W. 1961. Effect of photoperiod
on soybean development. Soybean Digest. May. p. 14-16. [3
ref]
• Summary: Gives data collected mainly from Harrow,
Ontario. Canada.
This article begins: “’In an editorial of the June 1960
issue of the Soybean Digest it was stated that soybeans can
be planted late and still mature because “The maturity cycle
on soybeans is governed by photoperiodism-the length of
day... when the length of day reaches a certain stage the
soybean matures, regardless of how long the plant has been
growing.’
“Ever since the original studies on photoperiodism (2)
over 40 years ago, it has been well known that flowering
and maturing dates of soybeans are governed to a great
extent by the length of day. More recently it has been shown
that the length of the dark period is the controlling factor.
Thus, most varieties require that the daily dark period be a
certain critical length before flower primordia are initiated.
However, soybeans do not initiate flowers as soon as this
critical night length is reached, but only after they grow to
certain size and so many days or heat units have elapsed.
Thus any delay in planting will cause a delay in flowering
and maturity. This is borne out by the data presented in table
1, for a date-of-planting experiment conducted at Harrow,
Ontario, from 1949 to 1956. It is seen that in the earliest
planting Mandarin started to flower on July 3 and matured
Sept. 8, whereas in the latest planting flowering started on
July 30 and maturity occurred Oct. 4.”
“Therefore most of the decrease in time required to
reach flowering with delay in planting can be attributed to
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these three factors:
“(1) Time required for emergence;
“(2) Temperatures;
“(3) Night length (photoperiod).”
“Therefore it seems obvious that it is not the critical
photoperiod that promotes maturity of late planted soybeans
in the field, but that the increase in night length as the season
progresses has a quantitative effect in this promotion, similar
to the effect of increasing temperatures.
“Now the real reason that ‘soybeans can be planted
late’ is because of their growth characteristic. Flowers and
pods develop over an extended period, sometimes a month
or more in length, and the seeds in the pods ripen according
to the time the pods were initiated. Thus, as long as some
of the seeds have ripened, a killing frost will not destroy
the crop completely and some yield of ripe seed will be
obtained. Whereas with corn, the kernels are initiated over
a much shorter period and if these have not had a chance to
develop completely before frost very little if any yield will
be obtained.” Address: 1. Ontario Research Foundation,
Toronto, Canada; 2. Agricultural Research Station, Harrow,
Canada.

in the leaves of chlorotic plants when compared to the
leaves of control plants regardless of how chlorosis was
induced. The leaves of plants grown in iron-deficient nutrient
mediums or in solutions containing high phosphorous
concentrations developed chlorosis and contained much
less malonic acid, when compared to control plants for
each treatment. When chlorosis was induced in plants by
bicarbonate or high manganese treatments, the malonic
acid concentration was markedly higher in leaves from
the chlorotic plants than from comparable control plants.”
Address: Dep. of Botany and Plant Pathology, Utah State
Univ., Logan, Utah.

1527. Benedict, H.M.; Swidler, R. 1961. Nondestructive
method for estimating chlorophyll content of [soybean]
leaves. Science 133(3469):2015-16. June 23. [3 ref]
• Summary: The authors have established a linear
relationship between the chlorophyll content of soybean
leaves and their degree of reflection of light of 625
micrometers wavelength. Address: Stanford Research Inst.,
Southern California Labs., South Pasadena, California.

1531. Fukui, Juro; Matsumoto, Shigeo. 1961. Tanjitsu ga
daizu hinshu no kaga no bunka, hattatsu narabini kaika-go
no tôjuku ni oyobosu eikyô no hinshukan sai [On the varietal
difference of the effect of short day-length upon the flower
initiation, its development, and the seed ripening period of
soy-bean]. Ikushugaku Zasshi (Japanese J. of Breeding)
11(3):185-90. Sept. 5. [13 ref. Jap; eng]
• Summary: “Summary: Experiments were carried out in
1957, to clear up the varietal difference of the effect of short
day-length upon the flower initiation and its development,
using 7 varieties of soy-bean including the different
ecological types, and upon the seed ripening period, using 17
varieties of soy-bean which belong to the different ecological
types.
“The plants were grown in the outdoor and the
greenhouse. The half of them were treated with 10 hours
day-length. Other half of them were left under natural daylength. The results are summarized as follows:
“(1) The days from cotyledon expansion to flower bud
initiation, the days from flower bud initiation to blooming
and the days from blooming to ripening under natural
condition show marked differences between varieties of
each ecological type, and these days gradually increase
following the order I->II->IV->V and the order a->b->c.
And, at the same time, the shortening rate of above days by
short-day treatment show remarkable differences, and also
these rates increase by the same order. These relationships
were similarly recognized under natural temperature (in the
outdoor) and high temperature (in the greenhouse).
“(2) It was considered that such differences among these
ecological types were not due to the differences of day-

1528. Gerdemann, J.W. 1961. A species of Endogone from
corn causing vesicular-arbuscular mycorrhiza. Mycologia
53(3):254-61. May/June. [14 ref]
• Summary: The various fungi have extremely wide host
ranges. The same species can produce vesicular-arbuscular
(VA) mycorrhiza in the roots of such diverse crops as maize,
red clover, soybeans, onions, and strawberries. Address: Dep.
of Plant Pathology, Univ. of Illinois, Urbana, IL.
1529. Su, Lucia Yulin; Miller, Gene W. 1961. Chlorosis
in higher plants as related to organic acid content. Plant
Physiology 36(4):415-20. July. [17 ref]
• Summary: “Four types of iron chlorosis were induced: A,
iron deficiency induced chlorosis; B, bicarbonate induced
chlorosis; C, high phosphorus induced chlorosis; D, high
manganese induced chlorosis.
“Soybeans were harvested and 25 g of leaf tissues were
analyzed qualitatively and quantitatively for organic acid by
silica gel partition chromatography.
“Chlorotic leaves contained less iron than control leaves
in three treatments.
“Significant increases in citric acid content were found

1530. Heneberg, Ruza. 1961. Proucavanje rasta i stepena
zriobe nekih sorti i linija soje (Glycine hispida Max.) u
postrnoj sjetvi [Study of the growth and level of maturity of
some types and lines of soybean (Glycine hispida Max.) in
stubble planting]. Savremena Poljoprivreda (Contemporary
Agriculture) 9(7/8):788-803. July/Aug. [13 ref. Scr; ger]
Address: Institut za oplemenjavanje i proizvodnju bilja,
Poljoprivredni fakultet, Zagreb, Yugoslavia [Inst. for Plant
Breeding and Genetics].
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length and temperature in the growing period of each variety,
but due to the essential difference of short photoperiodic
responses of soybean varieties.
“(3) Variety which had a greater shortening rate on days
of flower initiation by short-day treatment had a greater
shortening rate on days of flower development by the same
treatment. Shortening rate on days of blooming became
greater in case of continuous treatment during the flower bud
initiation and flower development than in case of each one
treatment. Shortening rate on days of flower bud initiation by
short-day treatment was always larger than shortening rate
on days of flower development and on days of seed ripening,
but there was no relationship between shortening rate on
days of flower development and shortening rate on days of
seed ripening.
“(4) Such relationships between varieties of these
ecological types are the results of only one expression under
the given day-length and temperature condition in this
experiment. So, it will be necessary to study furthermore
under various conditions.” Address: Nôugiken, Seiriiden bu.
1532. Calland, J.W. 1961. Needed research on soybean
production. Soybean Digest. Sept. p. 76-79.
• Summary: “Why do we need soybean production research?
“Well, some of our most important farm crops such as
corn, wheat, and cotton are in serious surplus. This has been
costing us billions of dollars in crop payments, storage and
disposal costs. This situation has even led to a juvenile kind
of thinking on the part of some people who say, ‘Why not
stop crop production research?’ which is just about as logical
as to stop cancer research to prevent overpopulation of the
world.
“Maybe it would take 10 years after production research
was cut off for crop pests, lack of new improved varieties,
and a hundred other things, to reduce crop production to fit
our annual needs. Then you and I know it takes another 10
to 15 years after research is started again before it can result
in materially increased crop production. What a mess both
our food supply and that of the hungry nations of the world
surely would be in before that quarter century was over.
I recently heard a speaker say, ‘Folks who think like that
should still be wearing diapers. For instance,’ he continued,
‘imagine, if you can, just where you would get the crop
scientists when you got ready to turn research on again.’
“But soybeans are not a surplus crop. Soybeans are our
great replacement crop. Doubling the acreage of soybeans
during the 1950-60 decade alone removed 10 million acres
from other crops, most of which are in surplus position.
Had it not been for the transfer of these 10 million acres, the
surplus problems of corn, wheat, and cotton would be far
greater than they are today, and their prices would doubtless
be even lower than they are now. Without the 24 million
acres used in soybean production, the problems of American
agriculture would be far more acute than is true today.

“The tremendous increase in soybean production
has given U.S. consumers adequate quantities of highly
nutritious oil for shortening, margarine, and salad oils at
reasonable prices. It has also supplied the protein that has
enabled us to produce the livestock and poultry products–
meat, milk, and eggs–that make the U.S. consumer the best
fed in the world on a lower proportion of income than any
other nation at any time. This efficiency in livestock and
poultry production has come only through the availability of
high quality protein at reasonable prices.
“In the period of 12 years export markets have grown
from nothing to 142 million bushels from the 1959 crop–and
every bushel was exported for dollars. This was one-fourth
of our soybean crop. All together, the soybeans, oil and meal
exported from our 1959 crop totaled close to $500 million.
No soybeans are in storage today-all have gone into channels
of consumption. This is the crop we need more of.
“The use of soybeans and soybean products can be
greatly increased both at home and abroad, provided we do
not price them out of both domestic and foreign markets.
“Jacking up the price of soybeans by short crops,
government payments, or other means may do exactly that;
destroy markets, turn a large part of the crop over to the
government, surplus the crop, and bring on acreage controls–
which is something nobody should want. Particularly when
there is a much better way to increase the growers’ return
per acre of soybeans, increase uses, exports, and markets,
continue an increasing production and take additional acres
out of surplus crops.
“This should and can be done by increased production
research–raising the average yield 5 to 10 bushels per acre.
Increasing yield only 1 bushel will return more than $60
million annually to growers. A 5-bushel increase, which, I
believe, increased research costing not more than $300,000
a year, could readily bring about within a very few years,
would mean some $300 million increased income to growers
on their present acres.
“There are few places where the need for increased
agricultural research is more apparent than in the area of
increased soybean production.
“The Advisory Board: For the past 12 years the advisory
board of the National Soybean Crop Improvement Council
has been meeting annually in 2-day sessions to consider
soybean production problems and research needed to
improve both the quality of soybeans and the efficiency of
producing them.
“The board is composed of representatives of the Land
Grant Colleges of Agriculture and Experiment Stations of
22 of the most important soybean producing states, the U.S.
Regional Soybean Laboratory, and the soybean section of
Agricultural Research Service.
“These annual meetings have provided the opportunity
for each representative to report on all soybean work being
done at his institution, and to keep well informed on the
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production problems of each state and area, as well as the
research projects, tests, and experiments being conducted in
an attempt to solve these various problems.
“The 12th annual meeting held last month was attended
by 38 delegates. Incidentally 21 of them brought their wives
along. So, you see the distaff side of the house also is vitally
interested in these meetings. The program of these annual
meetings is usually confined to some two of the important
phases of improved soybean production. This year one
complete session was devoted to soybean breeding. The
second session was devoted mainly to reports on current
research projects dealing with the effect of light on the
soybean plant and seed, nodulation research, and the three
research projects on the nutrition and physiology of the
soybean now in progress at Purdue, Illinois and Iowa State.
“Since these were technical papers, the best way
I can report to you on them is to tell you that the Crop
Improvement Council mimeographs the proceedings of each
annual meeting as an addition to available soybean literature.
Bob Judd has been authorized to supply up to 30 copies of
the proceedings of the 1961 meeting to those of you who will
ask him to mail you a copy.
“An outstanding report was delivered at this meeting
by Dr. H.A. Borthwick, chief scientist at the USDA’s
Plant Physiology Pioneering Research Laboratory at
Beltsville. His subject was, ‘The Effect of Light on Plant
Growth.’ Dr. Borthwick traced the history of the research
which culminated in the discovery and description of the
pigment phytochrome, which is the receptor of light in
photoperiodism and in various other plant phenomena.
“Phytochrome was determined to be the substance
where the activation of biochemical sequences leading
to the very diverse manifestations of growth occur. The
recognition of phytochrome and its role in plant growth has
been heralded as a very definite breakthrough in the science
of plant growth, it being the key to growth changes in all
plants.”
Note: This is the earliest document seen (July 2021)
which contains the world “phytochrome.”
“Needed Research: If the soybean crop is to continue to
expand, take more acres out of surplus crops, and provide
reasonably priced oil and protein for our increasing livestock
and poultry, cheap food for our own people, and supplies
for our friends abroad, and at the same time provide a fair
return to the farmer, then additional research to improve
the efficiency of the soybean plant is imperative. Careful
study indicates that increased research in the general areas
of (1) weed control, (2) diseases, (3) soybean breeding,
(4) physiology and nutrition, and (5) nodulation would be
likely to uncover the facts needed to produce soybeans at a
definitely lower cost per bushel.
“Weed control is the farmer’s No. 1 problem in soybean
production today. Weeds cost soybean growers $150
million annually. There are no acceptable chemicals for

economically controlling weeds in soybeans. Farmers spend
millions of dollars and millions of hours of labor trying to
control weeds by cultural operations. In the Agricultural
Research Service not a single scientist is devoting full
time to the control of weeds in the soybean crop. Yet it is
generally agreed among those studying the weed problem
that the need for finding economical weed control methods is
more important for soybeans than for any of the competing
crops.
“A safe, reasonably priced pre-merge chemical that
would control weeds for the first 3 weeks after planting
would enable farmers to plant the soybean crop solid with
the grain drill, increase yields, eliminate cultural operations,
and materially reduce production costs.
“The weedseed content of the soybean crop as harvested
and marketed in the United States and in world markets has
become a major problem. The possible toxicity of crotalaria
seed, jimson weed seed, and morning glory seed has focused
further attention on the need for proper weed control as
a means of producing a more acceptable product for the
soybean market.
“This important problem of weed control surely could
quickly be resolved by the team approach. Agronomists and
plant physiologists with supporting scientific aids, located in
the four major areas where the weed problems are different
and working exclusively on weed control in soybeans,
could be expected to solve the problem in a very few years”
(Continued). Address: National Soybean Crop Improvement
Council.
1533. Johnson, Herbert W. 1961. Breeding for oil and protein
in soybeans. Soybean Digest. Sept. p. 73-75.
• Summary: “How far can we go in increasing oil and
protein of soybeans through breeding? There is no simple
or exact answer to this question, but trying to arrive at an
approximate answer to it involves a number of considerations
that should be of interest to soybean producers.
“The answer to the question will vary tremendously
with the restrictions you wish to place on soybean varieties.
In other words, what else do you want in a soybean variety
besides the capacity to produce a high-protein content or
a high-oil content in its seed? If you are interested only in
high-oil soybeans, I can assure you that we can develop
varieties that will exceed 25% oil in their seed. If you are
interested only in high-protein soybeans, I can assure you
that we can develop soybeans with more than 50% protein.
If, however, you are interested in both oil and protein content
in the same variety, the answer is drastically different from
either of the other two. The more characteristics you want in
a soybean variety the less chances you have in getting a very
high performance in any of them.
“Breeding for both oil and protein: Let us first assume
that you are interested in the maximum obtainable amounts
of both oil and protein in the same variety. In considering
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this situation and others to follow, we shall use some charts
for purposes of illustration; and I should like to emphasize
that the data are hypothetical and presented only for poses
of illustration. They can be considered exact only in that
they indicate in a general way what would be expected
in the different situations indicated. The actual values
obtained in practice might differ considerably from those
to be presented, but we have enough information to date to
indicate that the trends and conclusions would be the same.
“The first chart indicates the kind of progress we might
expect to make in several years if we consider oil and protein
at the same time. We are assuming that we start with present
varieties that an the average have about 21% oil an a dry
weight basis and 41% protein: this is our base starting point
or Variety 1. (Varieties are identified as V1, V2, etc.) As we
improve the varieties through the years we could expect to
increase oil and protein a little at a time and finally after
several years of hard work gain 1% oil and 2% protein.
“You probably are wondering why we would not make
more rapid gains than indicated. The reason is fairly simple.
Oil and protein are closely associated in the soybean seed
and it is not surprising that this should be so when you
consider that 21% oil and 41% protein account for 62%
of the total dry weight of the seed. When one works with
this proportion of the total seed and increases one of the
components the chances are that he will decrease the other.
If just one component were considered at a time, this would
almost invariably happen; but with intensive effort devoted
to both components, a little progress can be made in both in
spite of the tendency for one to increase at the expense of the
other. The question then arises as to how much advantage
there is in breeding for oil and protein at the same time. We
think that there is very little. We don’t believe that this is the
way soybean breeding should be done; we don’t believe that
you are that interested in having as much oil and as much
protein in the same variety as you can get.
“Breeding for oil only: Now let’s assume that you are
interested in only the oil content of your soybean varieties
of the future and the breeders of the country decide that
this is the only characteristic they are going to consider in
soybean breeding. They are going to give you a soybean
variety with the maximum amount of oil in each seed and
they want to do it just as quickly as possible. The data in
chart 2 indicate that they can go from the 21% oil of today
up to 25%, plus or minus. (We don’t know exactly how far
we could go.) But just for the sake of curiosity let’s take
a look at what might be expected to happen to the protein
content of these varieties. The bottom line of the chart
indicates what you could expect. Protein is decreased rapidly
since all the breeding effort is going into the oil fraction.
Such an approach seems to have some advantage over the
other situation because we would at least make some good
progress in oil, and as long as this is the main interest why
worry about oil and protein in the same seed?

“Breeding for protein only: Next, let’s assume that you
are primarily interested in protein content. You don’t care
about the oil in soybeans; you want to produce soybeans for
feed and feed only, and since protein is the main component
in the soybean used as feed, you want to produce as much
of it in your variety as possible. So the breeders decide that
the only characteristic they are going to consider is protein.
Chart 3 indicates that rapid progress could be made. I think
that protein would go well above the 49% level, but note
what happens to the oil content of this group of varieties.
The bottom line indicates that under these conditions oil is
decreased about half as much as protein is increased. The
charts illustrate some of the problems involved in answering
the question: How far can we go in increasing oil and protein
contents of soybeans by breeding? To answer this question
one must first define whether he is interested in both oil and
protein, protein only, or oil only. The charts also illustrate
reasons why we do things as we do. Over the past several
years the primary consideration in soybean breeding has
been percent of oil and we have made substantial progress.
At the same time we have not lost nearly as much protein as
would seem to be indicated by chart 2, and one might raise
the question as to why we have not.
“Remember that chart 1 indicated that we could make
a little progress in both components if we worked at it
hard enough. But suppose that we work hard at one and
just try to keep from losing too much in the other? This is
essentially what has been done in soybean breeding in this
country and we have been able to make substantial progress
in oil with very little loss in protein. However, every time
we considered protein in conjunction with oil it made the
progress more difficult.
“So it seems to us that we are now at a stage in soybean
breeding when we should define the types of varieties we
want. Do we want the maximum of both oil and protein we
can get in the same variety? Are we primarily concerned with
oil? Or are we primarily concerned with protein? If we insist
on both in the same variety, little progress is in the offing. If
we are concerned with only oil in the variety, we can achieve
substantial progress although it will be more difficult than the
progress of the past simply because we have already made
a good portion of the gains that were originally available in
the material with which we have to work. If we are interested
primarily in protein, we can make very substantial gains
because we have not exploited the variability available
in this component. Since we have not been emphasizing
protein, it should yield rapidly to selection and we should be
able to change it rapidly.
“However, the important consideration to keep in mind
is that if we are to make substantial progress in either oil or
protein, we must be allowed to leave the other one alone. In
other words, if we are going to continue to emphasize both
oil and protein and if we are to continue to make significant
progress in these characteristics in the breeding program,
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then we must develop one set of varieties for oil and another
for protein. If this were done, I feel confident that we could
approach the 25% level of oil and am fairly certain that we
could attain the 50% level in protein.
“I have purposely avoided trying to predict how long
it would take to develop acceptable varieties with 25% oil
or 50% protein because of the uncertainties involved. The
gains would be made a little at a time with each successive
breeding cycle. The gain made in each cycle would be
influenced greatly by the amount of effort devoted to yield,
disease resistance, resistance to lodging and shattering,
etc., in the same material” Continued. Address: Research
Agronomist, Crops Research Div., Agricultural Research
Service, USDA, Beltsville, Maryland.
1534. Johnson, Herbert W. 1961. Breeding for oil and protein
in soybeans (Continued–Document part II). Soybean Digest.
Sept. p. 73-75.
• Summary: (Continued): “Breeding for yield only: Another
approach to soybean breeding that might be of interest
to producers is breeding for yield and characteristics
influencing yield without regard to chemical composition of
the seed. With this approach, we would expect a decrease
in oil from the, approximately 21% of current varieties
but protein might actually increase. The resulting varieties
probably would have seed a little less concentrated than
the 62% oil plus protein of current varieties, but they also
would yield more bushels per acre. The total production of
oil plus protein per acre from such varieties likely would
be greater than the production of current varieties but in a
little less concentrated form. The reason is again a matter of
arithmetic. If we didn’t have to consider oil and protein, our
chances of increasing yield would be greatly increased.
“General considerations: We of course recognize the
difficulties involved in producing, handling, and processing
two types of soybean varieties, one high in oil and the other
high in protein. Regardless of these difficulties, however, the
most optimistic answer to the question I have been asked to
consider, ‘How far can we go in increasing oil and protein
through breeding?’, depends on the two types of varieties.
From a monetary point of view there would be little
difference in the two types unless the relative price of oil
and protein varied considerably. For example, the data in the
table were obtained from three established varieties and three
experimental varieties by using average prices for oil and
protein for 1955-59. They indicate that the combined value
of the oil and meal from a ton of beans is relatively constant
for a group of varieties differing greatly in oil and protein
contents.
“I have not been asked to consider the question,
‘How far will we go in increasing oil and protein through
breeding?’, but it seems appropriate to at least recognize that
the answer to this question might be quite different from the
answer to the other because many characteristics in addition

to oil and protein must be considered in breeding. And the
greater the number of characters that must be considered the
less the progress will be in any one.
“If the number of characters that must be considered in
breeding, especially diseases, increases as much during the
next 10 years as in the past 10, we will do well if we can
simply maintain the progress made thus far. The soybean is
coming of age as a crop in the United States and the disease
problems have increased in recent years. A soybean variety
must produce a reasonable yield in spite of these diseases
before we are even interested in its oil and protein contents.
Consequently, much of the breeding effort devoted to oil
and protein a few years ago is now devoted to various
diseases and the progress in oil and protein will be slowed
accordingly.
“During the past year the American Soybean Association
demonstrated an awareness of the increasing problems in
soybean research and we are grateful to it and other groups
for the interest they displayed. Research men are always
encouraged when individuals most directly concerned
with the crop on which they work display an interest in
the research problems involved. We hope your interest
will continue and we will continue to try to develop better
improved, disease-resistant varieties for the future. However,
it will be awhile yet before varieties with 25% oil or 50%
protein will be available.” Address: Research Agronomist,
Crops Research Div., Agricultural Research Service, USDA,
Beltsville, Maryland.
1535. Nelson, C.D.; Clauss, H.; Mortimer, D.C.;
Gorham, P.R. 1961. Selective translocation of products of
photosynthesis in soybean. Plant Physiology 36(5):581-88.
Sept. [21 ref]
• Summary: “There is general agreement among plant
physiologists that sucrose is the principal sugar of
translocation in many species (9, 17, 19). Since a number
of investigators have demonstrated that compounds other
than sucrose may be translocated (7, 21), it is possible that
the compound translocated varies significantly with species
and also with environmental conditions. In soybean, Vernon
and Aronoff (19) demonstrated that the C14 fixed in the
first trifoliate leaf during 20 minute photosynthesis was
translocated down the stem as sucrose...” Address: Div.
of Applied Biology, National Research Council, Ottawa,
Canada.
1536. Tiffin, Lee O.; Brown, J.C. 1961. Selective absorption
of iron from iron chelates by soybean plants. Plant
Physiology 36(5):710-14. Sept. [9 ref]
• Summary: “I. The exudate of chlorotic plants was very
high in Fe55 and very low in C14: the average assay per
milliliter gave the ratio cps Fe55 to cps C14 = 10,033 to 6.
“II. The exudate of green plants was relatively low in
Fe55 and very low in C14: the average assay per milliliter gave
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the ratio cps Fe55 to cps C14 = 64 to 6.
“III. The ratio of Fe55 to C14 found in the exudate was
greatly influenced by the availability of Fe in the preculture
period.
“IV. Fe55 is bound to exudate components which move
toward the anode. Electrophoretic evidence suggests that
most of the C14 in the exudate is not present as the intact
chelating agents supplied to the roots.” Address: Mineral
Nutrition Lab., Soil & Water Conservation Research Div.,
ARS, USDA, Beltsville, Maryland.
1537. Jeffreys, R.A.; Hale, V.Q.; Wallace, A. 1961. Uptake
and translocation in plants of labeled iron and labeled
chelating agents. Soil Science 92(4):268-73. Oct. [7 ref]
• Summary: Soybeans and sunflowers were among the plants
studied. Address: Univ. of California, Los Angeles.
1538. Oba, Torao; Oizumi, Hisakazu; Kudo, Soroku;
Ueda, Kunihiko. 1961. [Studies on blooming and fruiting
in soybean plants, especially on the relationship between
blooming and fruiting on each node in soybean plants,
and weather conditions and production practices]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 30(1):68-71. Oct. [6 ref. Jap; eng]
• Summary: “The variety, Norin No. 4, were seeded on 15th
May and 30th June in 1958 and 1959 with two stands, light
and heavy. The blooming and fruiting in each node were
observed. The results obtained are as follows:
“(1) The weight of leaves and stems and the number of
pods were larger on the early seeding plot than the late one,
on the plot of light density than the heavy stand and in the
test in 1958 than 1959 especially on the early seeding plot.
The percentages of fruiting were not constant with plots.
“(2) There were a fundamental type of blooming and
fruiting in each node of both of the main stem and branches
of the plant, the largest number of flowers and pods were
observed on the top node and the 6th to 8th node from the
top, and the fruiting percentage and mean weight of a seed
were high on the node of the second to 5th node.
“(3) However, there were some differences with
production practices, the number of flowers and pods in the
branches were changeable in each node but on the main stem
they were favorably constant especially on the second to 5th
node.
“Higher yields were obtained when the nodes with many
flowers and pods were shown on relatively lower position.
The more differences were shown between the most efficient
node of flowering and podding the lower fruit-setting
percentage were observed.
“(4) Such differences of flowering and fruiting came
mainly from the differences of the duration of sunshine, the
light intensity on the lower leaves and the growth of leaves
and stems. Consequently, the number of flowers depended
upon the amounts of the reserves of assimilates until the

period of the differentiation of flower buds and the pods
number depended upon the amounts of the assimilates during
30 days after the blooming stage.
“(5) It was clarified that the important period and leaf
position to decide the number of flowers and pods were
different and there were some changeable nodes in the
number of flowers and pods with production practices. The
data shown might be very important to promote the soybean
yields.” Address: Tohoku National Agric. Exp. Station.
1539. Burley, J. William A. 1961. Carbohydrate translocation
in raspberry & soybean. Plant Physiology 36(6):820-24.
Nov. [9 ref]
Address: Dep. pf Botany & Plant Pathology, The Ohio State
Univ., Columbus.
1540. Howell, Robert W. 1961. Physiological comparisons of
soybeans and corn. Soybean Digest. Nov. p. 16-18.
• Summary: “Why don’t soybeans yield as much as corn or
cotton? This question has probably occurred to every farmer
who has grown soybeans after experience with other crops,
and it has probably been asked of every agronomist working
with soybeans.
“There are some basic biological facts which are
pertinent to such a question. In this paper some of these
facts as they relate to soybeans and corn will be considered.
Similar comparisons of soybeans with other crops would be
possible.
“Basic to any inter-crop comparison is a consideration
of the chemical composition of the product. Soybeans
are relatively high in oil and protein and relatively low
in carbohydrates. Corn, on the other hand, is high in
carbohydrates and low in oil and protein. The average
energy contents or caloric values of these three classes of
food materials are as follows: carbohydrates, 1,860 Kcals/
lb.; fats and oils, 4,300; proteins, 2,560. Fats and oils contain
two and one-third times as much energy per pound as do
carbohydrates. Proteins contain one and a third times as
much. It is therefore apparent that a bushel of soybeans will
contain substantially more energy than a bushel of corn.
“Both corn and soybeans (as well as any other crop)
depend on sunlight for the energy which is ultimately stored
in the seeds. During the season a field of corn and a field of
soybeans will absorb about the same total amount of light.
Therefore they have available about the same amount of
energy. If one crop concentrates this fixed amount of energy
into units which contain more energy per pound it will
obviously be able to make fewer pounds. This is exactly the
situation in the case of soybeans as compared with corn.
Soybeans concentrate more of the total available energy in
oil and protein than does corn and therefore can make fewer
total pounds of material from the given amount of light
energy which is absorbed.
“In addition to the storage of some of the energy in
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the seed another important concept to recognize concerns
the ‘work’ which the plant must do to make high-energy
materials such as oil and protein. The first major product
of photosynthesis is carbohydrate which the leaves of most
plants store in the form of starch. This carbohydrate can
be considered a raw material or starting material for the
synthesis or formation of other materials. To make products
such as oil and protein the plant must not only concentrate
the energy into tighter units but also must consume a certain
amount of energy to do the work of synthesis.
“To illustrate, in making 1 pound of oil a plant uses up
nearly 5 pounds of carbohydrates. About 55% of the energy
in 5 pounds of carbohydrates is represented by the energy in
1 pound of oil. The remaining 45% is used up or ‘burned’ in
the process of building the higher energy oil molecules and is
thus lost from the plant.
“Cost of Protein: There is a similar cost in the synthesis
of protein but it is somewhat smaller than that required for
synthesis of oil.
“The magnitude and importance of the chemical
composition and the work factor are illustrated in table 1.
When the caloric values of the stored materials and the work
factors are considered, a bushel of soybeans represents more
than twice the caloric value of a bushel of corn.
“The item in table 1. for work energy in nitrogen
fixation should be noted. There is considerable uncertainty
about the precision of the estimate of this item. There is also
uncertainty about the amount of energy required by any plant
to absorb nutrient elements from the soil. It is the general
opinion, however, that energy requirements for absorption
of nutrients is quite low. The information available on the
metabolism of the nodule systems in which nitrogen is fixed
suggests that for a crop of about 40 bushels of soybeans the
work factor estimated in table 1 is probably reasonable. Corn
and other non-legumes have no such energy requirement. At
the bottom of table 1 is a summary indicating that a yield of
about 45 bushels of soybeans is equivalent to 100 bushels
of corn. It is interesting that the Illinois average yields for
the 10-year period 1948-57 and for the years 1958 and 1959
show a ratio of soybean to corn yields of .40 to .45 in each
case.
“Response Surprising: The information and concepts
concerning energy are important in placing inter-crop
comparisons in proper perspective. The often alleged poor
response of soybeans is in fact not real. On a pound or bushel
basis soybeans are simply more valuable than corn, not only
in the market place and in animal feeding value but in terms
of energy content or work the plant has to do. A field of
soybeans which is producing in the 45-bushel range is doing
the same job as a field of corn producing in the 100-bushel
range.
“These considerations in no way detract from the
desire to improve soybean crop performance. In a way it is
surprising that soybeans have done so well with techniques

designed for other crops. This pertains not only to machinery
but to fertilizer and cultural practices.
“It is quite possible that soybeans have nutrient
requirements at different stages of growth which are unlike
those of other crops. This is illustrated for potassium in
figure 1. Whereas corn contains its maximum amount of
potassium when seed development begins and actually
appears to lose about 10% during the latter part of the growth
cycle, soybeans have a high requirement for potassium
during the period of seed development. Yet there is reason
for serious doubt as to whether a good soybean crop can get
all the potassium it needs during this late period. Acquisition
of potassium is probably limited both by the immobility
of the element in the soil and by the reduction or cessation
of root growth during this late period. This fertility-plant
relationship seems to be quite different in corn and soybeans
and illustrates the fact that practices appropriate for one crop
are not necessarily best for another crop.
“There is need for a new approach in the study of
fertility problems as related to soybeans which takes into
account special requirements during the latter part of the
growth cycle.
“The soybean has similar high requirements for other
elements, particularly phosphorus and nitrogen, during the
period of seed development. The problems for phosphorus
are very similar to those for potassium. Since phosphorus
is relatively immobile in the soil the possibility exists that
deficiencies of this element and of potassium may exist in
the immediate zone of the root even though a soil test might
indicate adequate supplies of the element. For nitrogen the
problems are somewhat different because the element is
mobile and the operation of the nitrogen fixing system is
intimately involved in the general nitrogen picture.
“In summary it can be stated that any comparison of two
crops such as soybeans and corn should take into account
their chemical compositions and the energy factors involved,
not only in the stored materials such as carbohydrates,
fats and proteins, but also the energy requirements for the
formation of high-energy materials. There is evidence that
soybeans have somewhat different requirements for nutrients
as related to stage of growth and these differences should
also be considered in inter-crop comparisons.”
Tables (1) “Work” in soybean and corn production.
Figures: (1) Graph of potassium accumulation in
soybean and corn plants during growth. Address: Plant
Physiologist, U.S. Regional Soybean Lab.
1541. Lowe, Richie H.; Evans, Harold J. 1961. Further
studies on a particulate enzyme preparation from nodules of
soybean plants. Plant Physiology 36(5):545-49. Sept. [9 ref]
Address: Dep. of Botany & Bacteriology, North Carolina
State College, Raleigh.
1542. Ter Horst, K. 1961. The selection of pulses in
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Suriname. III. Soybean, cowpea, blackeye pea, mungbean
and miscellaneous pulses. Euphytica 10(3):277-82. Nov. [10
ref. Eng; dut]
• Summary: Summarizes in English four papers originally
published in Dutch, dealing mainly with crops suitable for
alternating with rice. In the section titled “Selection of pulses
for heavy clay soils” are the following subsections: (1)
The soybean (p. 278-79). From the USA 59 varieties were
imported, from Indonesia 16 and from the Philippines 4. All
the American varieties had to be discarded, probably because
they were not adapted to the day-length of Suriname. The
three varieties chosen for multiplication and release were
Laris (selection from Otan from Buitenzorg, Indonesia; used
to make tempé), Vada (from Indonesia), and Bilomi I (from
Philippines).
(2) Vigna sinensis Savi ex Hasskarl, cowpea and
blackeye pea.
(3) Phaseolus radiatus L., mungbean. “The mungbean
was included in the selection programs. This crop is
indigenous and offers an extra possibility for cultivation after
rice because the growing cycle is very short, 60-70 days. The
local varieties urdi and katjang idjoe were compared” with
other varieties. “The world market for mung beans depends
largely on the failure of the crop in Oklahoma. There is only
trade when the American farmer cannot meet the domestic
demand for sprouted beans. Prices and volumes are very
erratic. It will be very difficult to base a program for the
extension of the mungbean culture on this situation.” Sesame
is also mentioned (p. 280).
Note 1. This is the earliest English-language
document seen (Dec. 2012) with the word “mungbean” (or
“mungbeans”) in the title.
Note 2. This is the earliest English-language document
seen (Oct. 2006) that uses the term “blackeye pea” to refer
to the cow pea. Address: Agronomist, Inst. for Soil Fertility,
Groningen, The Netherlands.
1543. Weber, C.R.; Hanson, W.D. 1961. Natural
hybridization with and without ionizing radiation in
soybeans. Crop Science 1(6):389-92. Nov/Dec. [6 ref]
• Summary: “Under natural conditions soybeans are largely
self-pollinated with pollination occurring in the advanced
bud stage before the flower opens.” Natural hybridization
between plants in adjacent rows as been found to take place
about 0.04% to 0.18% of the time–with the percentage
increasing as the distance between rows decreases. Address:
1. Agronomist, Crops Research Div., ARS, USDA; 2.
Geneticist, Crops Research Div., Beltsville, Maryland &
Iowa State Univ. of Science & Technology.
1544. Leffel, R.C. 1961. Planting date and varietal effects on
agronomic and seed compositional characters of soybeans.
Maryland Agricultural Experiment Station, Bulletin No.
A-117. 69 p. Dec. [12 ref]

• Summary: “Summary and conclusions: Variety and dateof-planting studies with soybeans were conducted in nine
environments at three locations (Beltsville, 1951-54; Upper
Marlboro, 1953-54; and Trappe, 1955, 1957-58) in Maryland
from 1951 to 1958. Each experiment consisted of varieties
of soybeans of varying maturity planted at dates throughout
the planting season. The extreme range in planting dates for
all experiments was May 1 to July 28. All experiments were
evaluated for seed yield and quality, plant maturity, height,
and lodging, and purple stain score of seed. Seed size was
evaluated in all but one environment; oil and protein contents
of seed were evaluated in five environments. Shattering of
seed was observed in only one year and iodine number of the
oil was determined from seed samples from one environment
only. Only tests at Trappe in 1957 and 1958 were evaluated
for height of first pod-bearing node and dates of first
flowering, first pod-setting, and termination of flowering.
“These studies led to the following general conclusions:
“All varieties exhibited curvilinear relationships
between characters evaluated in these studies and date of
planting. This tendency of a character to exhibit a greater or
lesser effect as planting was delayed was interpreted as the
effect of photoperiod on the character. Delays in planting
date of any variety past June 20 appeared hazardous.
“Delay in planting had more effect on maturity date and
less effect on seed yield, size, and quality, plant height and
lodging score, and oil and protein contents of early, Group
IV varieties than on the same characteristics of later maturing
varieties of Group V and VI.
“For maximum yields of highest quality soybeans,
varieties of Group V and VI maturity should be planted
in their areas of adaptation as early in the season as soil
temperatures and environmental conditions conducive
to good weed control will allow. Soybeans of Group IV
maturity produced maximum yields of seed when planted
May 20 to 30. Seed quality of later maturing, Group V and
VI varieties deteriorated as a result of delayed planting;
seed quality of Group IV soybeans improved with delayed
planting. Seed yields of Group IV soybeans were superior to
those of Group V and VI when planting of each was delayed
30 days or more past the optimum, earliest planting date for
full-season varieties.
“Infection by purple stain fungus was most severe with
earlier maturing varieties of soybeans. Lee never exhibited
more than 1% visibly infected seed by the purple stain
fungus. Infection of varieties by purple stain fungus was,
however, influenced to a great degree by environmental
conditions.
“Variety and date-of-planting interactions were
paramount in these studies. Varietal performance was
obviously affected by variations in soil moisture throughout
the growing season. Future variety and date-of-planting
studies in soybeans should be conducted with adequate
soil-moisture levels supplied by irrigation.” Address: Assoc.
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Prof., Dep. of Agronomy.
1545. Miller, R.J.; Pesek, J.T.; Hanway, J.J. 1961.
Relationships between soybean yield and concentrations of
phosphorus and potassium in plant parts. Agronomy Journal
53(6):393-96. Nov/Dec. [10 ref]
• Summary: “Synopsis: A multiple regression analysis
showed that over 80% of the variation in soybean yield
was accounted for by the variation in the P and K contents
of some plant parts. These results were obtained in an
experiment on a fine sandy loam in which applications of P
and K fertilizers significantly affected grain yield and P and
K content of soybean plants.” Address: Iowa Agric. Exp.
Station, Ames, Iowa.
1546. Ahmed, Shaukat; Evans, Harold J. 1961. On the
essentiality of cobalt for the growth of soybean. PhD thesis,
Dep. of Botany & Bacteriology, North Carolina State
College. 111 p. *
Address: North Carolina State College, Raleigh.
1547. Belikov, I.F. 1961. Raspedelenie C14 po gruppam
osnovnykh veshchestv v list’yakh raznykh yarusov u soi v
ontogeneze [Distribution of radioactive carbon C14 among
the principle substances of soy-bean leaves located at various
elevations during ontogenesis of the plant]. Fiziologiia
Rastenii (Physiology of Plants) (Moscow) 8(3):265-69. [21
ref. Rus; eng]
• Summary: “The photosynthetic activity of soy-bean plant
leaves growing at different elevations- was studied with the
aid of radioactive carbon (C14O2). During the first hours of
photosynthesis of young leaves in the stage of vegetative
growth the assimilates were found to enter the following
groups of substances: alcohol-soluble, acid-soluble, basesoluble and cellulose. In the lower (old) leaves practically no
assimilates were incorporated in the proteins and cellulose.
From 90 to 100% of the assimilates were detected in the
alcohol-soluble and acid-soluble substances in leaves
irrespective of their age during formation of the beans.”
Address: V.L. Komarov Far East Affiliate Academy of
Sciences USSR, Vladivostok.
1548. Bugakova, A.N. 1961. [The dynamics of sulphurcontaining compounds in plants]. Doklady Akademii Nauk
SSSR (Proceedings of the Academy of Sciences of the USSR)
141(5):1236-38. [4 ref. Rus]*
• Summary: Radioactive sulfur was used to investigate the
sulfur metabolism of the Harbinskaja 231a soybean variety.
Address: Krasnojarsk Agricultural Inst.
1549. Kuperman, F.M. 1961. [The effect of the spectral
composition of light on the development and growth of
short-day plants]. Vestnik Sel’skokhozyaistvennoi Nauki
(Journal of Agricultural Science, Moscow) 6(8):37-51. [43

ref. Ser; eng; ger; fre]*
• Summary: The two short-day plants studied were soybeans
and proso millet. Address: Moscow State Univ.
1550. Kurnik, E.; Pozsár, B.I. 1961. [Constancy in the ratio
of unsaturated and saturated fatty acids on maturing of the
soybean]. Delkeletdunantuli Mezogazdasagi Kiserleti Intezet
Kozlemenye (Bulletin of the Agricultural Research Institute,
Iregszemcse, Hungary) Vol. 1. p. 11-20. [14 ref. Hun; eng;
fre]*
Address: Agricultural Exp. Institute, Iregszemcse, Hungary.
1551. Kurnik, E. 1961. [Ecological constitution and
adaptation of soy-beans] (Abstract). Delkeletdunantuli
Mezogazdasagi Kiserleti Intezet Kozlemenye (Bulletin of the
Agricultural Research Institute, Iregszemcse, Hungary) Vol.
1. p. 5-10. [Hun; eng; fre]*
• Summary: From 1950 to 1959, at Iregszemcse, Hungary,
the optimum requirement of soybeans for an accumulated
temperature of 2200 to 2500ºC and well-distributed rainfall
of 500-600 mm per year were obtained. Conditions during
the flowering period were critical, and methods of cultivation
for overcoming adverse climate are reviewed. Szürke-barát
(Grey monk) was the highest-yielding variety.
1552. Novak, A.G. 1961. [Prospects for cultivating soyabean
in the Far East (of USSR)]. Vestnik Sel’skokhozyaistvennoi
Nauki (Journal of Agricultural Science, Moscow) 6(2):11-16.
[Rus; eng; ger; fre]*
1553. Pozsár, B.I. 1961. [Incorporation of 35SO4 into the
protein fraction of soybean leaves]. Delkeletdunantuli
Mezogazdasagi Kiserleti Intezet Kozlemenye (Bulletin of the
Agricultural Research Institute, Iregszemcse, Hungary) Vol.
1. p. 53-60. [16 ref. Hun; eng; fre]*
Address: Agricultural Exp. Institute, Iregszemcse, Hungary.
1554. Svinarev, V.I. 1961. [Peculiar traits in the formation
and development of the root system in Zea mays, Soja
hispida and Citrullus edulis when sown in pockets]. Doklady
Akademii Nauk SSSR (Proceedings of the Academy of
Sciences of the USSR) 137(5):1233-36. [14 ref. Rus]*
• Summary: Astrakhan is the capital of the Astrakhan Oblast,
which is a subdivision of the southeast Russian S.F.S.R.,
located west and southwest of the lower Volga River.
Address: Astrahan Agric. Exp. Station.
1555. Coker’s Pedigreed Seed Co. 1961. Coker’s soybean
catalogue–1961 breeder’s registered seed. Hartsville, South
Carolina. 16 p. 28 cm.
• Summary: The top half of the cover shows a photo of
Henry W. Webb, breeder of Coker’s Hampton soybean,
standing in a field of this new variety. Below that:
“Introducing for 1962! Hampton–A high yielding, disease

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 522
and shatter resistant variety for the Southeast.” In the lower
left is a heart-shaped logo containing the words “Coker’s
Pedigreed Seed–Blood will tell.” “The South’s foremost
seed breeders.” Contents: Page 1–To soybean breeders, a
message from Robert R. Coker, president. “Our company
has carried on soybean breeding work in a limited way since
1925. However, recognizing the increasing importance of
soybeans as a southern cash crop, our breeding program was
greatly enlarged and intensified beginning in 1952 under
the direction of Dr. J.W. Neely, Vice President and Research
Director of our company.”
The new soybean variety, Hampton, was named
after Lieutenant General Wade Hampton, an “outstanding
Confederate war cavalry leader and a distinguished South
Carolina Governor and Senator.” Photos show Robert Coker
and General Hampton.
Page 3–Breeding soybeans for The South, by Henry W.
Webb, plant breeder in charge of soybean research. “Coker’s
soybean breeding program dates back to the mid-1920s
when Dr. George J. Wilds initiated a program to develop
improved bean varieties primarily suited to the production
of forage. The first variety, Black Beauty, was released in
1931 as a combination hay and seed bean. Numerous types
were selected from various hybrid combinations through the
years that followed. One of the most notable of these is the
Yelnanda, a late season type well adapted to Southeastern
conditions and the two crop system where beans are planted
following early season harvest of small grain. Yelnanda was
first released in 1947 and reintroduced in 1957 to meet the
increased demand for a bean of its type. Another notable
achievement of this well planned and pursued program of
scientific breeding was the development of Majos. Although
never released for general planting it has proved to be an
outstanding source of germ plasm and has made a significant
contribution to our present program.”
Soybean research expanded: The sudden emphasis on
soybeans in the early 1950s found the Southeastern United
States “woefully lacking in varieties designed to meet
present day needs. As a result we immediately began an
expansion of our breeding and research program to enable us
to supply the varieties needed. The first step was to combine
through hybridization the best of the early maturing, disease
resistant, quality beans with our locally adapted later types.
The cross of Lee and Majos has proved to be an unusually
successful combination. From 1953 until 1962, we have
spared no effort in selecting, testing, and increasing seed
stocks of this cross as well as crosses involving Lee,
Yelnanda, Jackson, and several outstanding experimental
lines. As a result, Coker’s is able to offer for farmer planting
in 1962, Hampton, developed from the Majos x Lee cross
made in 1953. In addition to this we anticipate the release
of Stuart in 1963 and possibly other new types by 1964 and
1965.”
Photos show (1) Henry Webb. (2) A test field of Coker’s

soybeans.
Pages 3-7–Details on the variety Hampton–1961
breeder’s registered seed. It is being released for planting
by Southeastern growers in 1962. Origin, production (49.1
bu/acre over 3 years), shatter resistance, disease resistance,
quality, adaptation, planting date, maturity, harvesting.
Acknowledgment to Dr. E.E. Hartwig. Photo show: (1)
Henry Webb with M.D. Lamberth, sales manager. (2) John
Hicks, assistant plant breeder. (3) Robert C. Culpepper, a
contract grower, standing in a field of Hampton soybeans in
front of a large McCormick combine.
Page 8–”Coker’s Pedigreed Yelnanda–1961 breeder’s
registered seed. We are happy to offer growers of the
Southeast our newest strain of Yelnanda, the result of eight
years of intensive selection and testing. This new strain
while typical of Yelnanda is characterized by improved
yields, higher shatter resistance, and more disease tolerance.”
Maturity: From medium late to late. Protein content:
Highest of adapted varieties–44-45%. Seed size: Large and
uniform. Photo shows Webb and Dr. J.W. Neely (in charge of
agricultural research) in a field of Yelnanda soybeans.
Page 9–For 1963! Stuart (Lee x Majos). Lee was
developed by Dr. E.E. Hartwig and Major by Mrs. Mary
Coker Joslin. A chart shows the pedigree of Majos, Yelnanda,
Hampton, and Stuart Soybeans. Yelnanda (1947) resulted
from a cross between Nanda selection and Yelredo (1954).
Page 10-11. Some suggestions for obtaining greater
profits growing soybeans. Page 12–Effect of day length on
soybeans.
Page 13–Effect of light on plant growth and early bloom
(with photos of plants). Page 14–Coker breeding makes the
difference, by J. Winston Neely, PhD, Vice-president and
Director Agricultural Research. Gives details of Coker’s twophase breeding program. Phase 1 takes 5 years and phase 1
takes 9. In phase two, 3,000 plants are selected during year
1. It takes 6 years to breeder’s seed, 7 years to foundation
seed, 8 years to registered seed, and in year 9 Coker sells
certified seed to growers. A photo shows Jake Hartz Jr. in a
field of Hampton soybeans, showing their lush vegetative
growth. Page 15–Prices, terms, and conditions. Hampton
costs $10.00/bushel for 1-10 bu. Yelnanda costs $5.50/bu for
the same.
The back cover states: “1962 soybean catalog from
Coker. David R. Coker (1870-1938) founder. Since 1902–
The South’s foremost seed breeders.”
Note: This catalog was received by the USDA National
Agricultural Library on 28 Jan. 1963.
This catalog is owned by Special Collections, USDA
National Agricultural Library, Beltsville, Maryland. Address:
Hartsville, South Carolina.
1556. Galitz, Donald Stuart. 1961. A physiological study of
the developing soybean seed radicle. PhD thesis, University
of Illinois at Urbana-Champaign. 154 p. Page 3358 in
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volume 22/10 of Dissertation Abstracts International. *
Address: Univ. of Illinois at Urbana-Champaign.
1557. Hortus Botanicus Alma-Atensis Academiae
Scientiarum KazSSR. 1961. Index seminum quae Hortus
Botanicus Alma-Atensis Academiae Scientiarum KazSSR
pro mutua commutatione offert 26 [List of seeds offered for
exchange by the Botanical Garden of the Scientific Academy
at Alma-Ata, Kazakh SSR, No. 26]. Alma-Ata, Kazakhstan.
112 p. 21 cm. [Lat; Rus]
• Summary: Plants are listed by families in two columns, the
left one in Latin, the right in Russian. Under Leguminosae
are two varieties of “Glycine hispida Moench.” (nos. 1441
and 1442). The variety names are given only in Russian.
Address: Alma-Ata 10, Kazakhstan.
1558. Johnson, Herbert W. 1961. Soybean breeding. In:
Hans Kappert and Wilhelm. Rudorf, eds. 1961. Handbuch
der Pflanzenzuechtung. Ed. 2. Vol. 5: Zuechtung der
Sonderkulturpflanzen. Berlin-Hamburg: Verlag Paul Parey.
xxii + 494 p. See p. 67-88. [200 ref. Eng]
• Summary: Contents: 1. Systematics and relationships.
2. Biology of flowering and seed formation: Morphology
of the flower, flowering process, formation of seeds,
techniques of cross pollination. 3. Foundation and methods
of breeding: Genetics of qualitative characters, genetics
of quantitative characters (heritability of characters,
correlations among characters {yield and other characters,
oil and protein, miscellaneous characters}), methods of
testing (for adaptation, for insect and disease resistance,
for quality), general breeding methods (simple selection,
hybridization {selection among crosses, selection within
crosses}), hybridization of species, induction of mutations. 4.
Outstanding results of breeding.
Note: This volume also contains chapters on rapeseeds
and oilseed crucifers (Raps = Brassica napus; Rübsen
= Brassica campestris), sunflowers, hemp, linseed, and
medicinal plants. Address: Beltsville, Maryland.
1559. Kernick, M.D. 1961. Seed production of oil crops. In:
FAO Agricultural Studies, No. 55. See p. 345-72. Chap. 14.
[89 ref]*
• Summary: This monograph on seeds gives details on
soybeans and other oilseed crops, including climate, soil,
plant pollination, cultivation practices, plant nutrition,
irrigation, diseases, and pests.
1560. Ohwi, Jisaburo. 1961. Flora of Japan. English ed.,
revised and augmented. Edited by Frederick G. Meyer and
Egbert H. Walker. Tokyo. May. See p. 1632-1633 [Eng]*
• Summary: This typewritten manuscript is an English
translation of his book Nihon shokubutsu-shi. The author
was born in 1905. Entries for Glycine L., Glycine soja and
Glycine max are on pages 1632-1633 of the 2nd roll of

microfilm, parts 6-10.
1561. Peyve, YA. V.; ZHiznevskaya, G. YA.; Krauya,
A.E. 1961. Deystvie medi na soderzhanie karotinoidov v
rasteniyakh [Effect of copper on the carotenoid content of
plants]. Fiziologiia Rastenii (Physiology of Plants) (Moscow)
8(4):449-53. [36 ref. Rus]
• Summary: The following plants were studied: Soybeans,
lupin, peas, beans, maize, and oats. Address: Inst. of Biology,
Latvian Academy of Sciences, Riga, USSR.
1562. Tiffin, L.O.; Brown, J.C. 1962. Iron chelates in
soybean exudate. Science 135(3500):311-13. Jan. 26. [11 ref]
• Summary: “Chromatography of the water extracts
separated iron from chelating agents which were identified
as malic acid and malonic acid. Hence organic acids seem
to function in the translocation of iron in plants.” Address:
Mineral Nutrition Lab., USDA, Beltsville, Maryland.
1563. Hartwig, E.E.; Collins, F.I. 1962. Evaluation of density
classification as a selection technique in breeding soybeans
for protein or oil. Crop Science 2(2):159-62. March/April. [4
ref]
• Summary: “A reliable, low-cost method for evaluating
single plants for protein or oil content in a breeding program
without destroying the seed for planting would have
considerable value.
“The density of soybean oil is approximately 0.93 gram
per cc. and the density of the non-oil portion of the seed is
estimated to be within the range of 1.3 to 1.4 grams per cc...
On the basis of the differences in density of the oil and nonoil portions of the seed, it appears that it might be possible to
classify seed from single plants in a segregating population
according to density and thereby select plants with seed high
in oil or high in protein.”
Good results were obtained “by subjecting the seed to a
series of glycerol-water solutions with stepwise-increasing
specific gravities.” Address: 1. Research Agronomist,
Stoneville, Mississippi; 2. Chemist, Urbana, Illinois, Crops
Research Div., ARS, USDA.
1564. Nanda, K.K.; Hamner, K.C. 1962. Investigations on
the effect of ‘light break’ on the nature of the endogenous
rhythm in the flowering response of Biloxi soybean (Glycine
max. L. Merr.). Planta (Berlin) 58(2):164-74. March. [12 ref.
Eng; ger]
• Summary: “Many organisms exhibit circadian rhythms
which are rhythmic patterns of behavior or response having a
periodicity of approximately 24 hours.”
Nearly all of the rhythms are affected by light in
a similar fashion, that is, they are phase shifted by a
brief exposure to light, called a “light break” or a light
perturbation. The frequency of some of the rhythms is
under constant conditions very precise and it is obvious that
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we are dealing here with an instinctive or innate ability of
the organism to sense time. The mechanism by which the
organism is able to measure accurately the passage of time
has been called the ‘biological clock’.
“However, recent research has given strong support
to the hypothesis that circadian rhythms are involved in
the photoperiodic response, particularly, the work in this
laboratory with Biloxi soybean seems conclusive, Blaney
and Hamner (1957), Nanda and Hamner (1958, 1959,
1959a).” Address: Dep. of Botany, Univ. of California, 405
Hilgard Ave., Los Angeles 24, California.
1565. Saito, Masataka; Takasawa, Hiroshi. 1962. [Studies
on the influence of low-temperature on soybean plants. II.
Influence of low-temperature at various growing periods on
plant growth and seed yields]. Hokkaido Nogyo Shikenjo
Iho (Hokkaido National Agricultural Experiment Station,
Research Bulletin) No. 78. p. 26-31. March. [10 ref. Jap;
eng]
• Summary: “In this study two experiments were conducted
to ascertain the influence of low-temperature and response of
fertilizer levels to low-temperature injury on soybean plants.
“Low-temperature treatments were carried out in 1315ºC phytotron and plants were grown on soil by pot culture.
“Exp. I : Influence of low-temperature treatments at
various periods of growth–In 1955 and 1956, plants of two
varieties were subjected to 13-15ºC for 20 days at 10 day
intervals throughout their growth.
“Exp. II: Response of fertilizer levels to low-temperature
injury.–In 1957, using two varieties, low-temperature
treatments were made at two stages of growth; (A) no
treatment, (B) flower bud differentiation to flowering and (C)
seed development stage.
“Three fertilizer levels were given as follows; (a) no
fertilizer (b) 1 gram N, P205 and K20 and (c) 3 gr. N, P205
and K20 respectively.
“Results obtained were as follows;
“(i) Injuries of low-temperature in soybean plants
seemed to vary according to their growth stages. Namely
low-temperature treatments during the period of flower
differentiation and of flowering induced severely less
vegetative growth and lower yield of seeds than occurred
at other periods of growth. So the decrease of fertile pod
number, normal seeds and seeds-to-stem weight ratio may
be considered to show that the injury of low-temperature in
soybean plants is included to steril type injury.
“(ii) According to Exp. II, aspects of decreasing seed
yield caused by low-temperature were revealed, viz, in the
variety containing 3-4 seeded pods, low yield of seeds was
chiefly due to decrease of mean ovule number per pod.
“On the other hand, in the 2-seeded pod variety, low
yield resulted from decrease of number of fertile pods, 1 seed
weight and percentage of fertile ovules.
“Application of fertilizer caused increase of stem length,

total nodes of branches, pod and seed number and seed yield
in comparison with non-application especially in [OYACHINo. 2] variety. Moreover in low-temperature condition,
the effectiveness of fertilizer application for increasing
seed yield is more conspicuously illustrated than in normal
temperature.”
1566. Moolani, M.K. 1962. Growth response of soy-bean
under various light regimes (Letter to the editor). Current
Science (Bangalore, India) 31(4):164. April. [5 ref]
• Summary: The shade of tall weeds reduces the growth and
yield of soy beans. This is called crop-weed competition.
“Many of these studies were concerned with various
infestation of Amaranthus hybridus L. in soy-beans to
determine yield reductions resulting from such treatments
and to correlate such competition effects with the shading
of crop plants by weeds. For this purpose light readings
were taken with a model 603 Weston light meter in various
plots where various infestations were established with
planted weed species (2). Hawkeye soy-beans were drilled
in double row plots 24 feet long and spaced 40 inches apart.
Planting rate was 40 pounds per acre, resulting in a stand of
approximately 10 plants per foot of row. When weeds were
of sufficient size, voluntary weeds were removed and stands
of planted weeds were thinned and maintained at desired
levels.
“Since the weed species Amaranthus hybridus L. grew
much taller than soy-bean plants, the total light intensity
was measured at the top of weeds. The other reading was
recorded at topmost leaves of soy-beans to show the amount
of shading due to different weed stands and the third light
reading was taken at the soil surface to find out the amount
of light at the ground-level. The data thus obtained, are
presented in Table I in relation to average yields of soybeans
in various treatments.”
The weeds, which germinated at the same time as the
soy-beans, grew rapidly enough to keep constantly above
the shade canopy of the soy-bean plants. The reduced light
intensity reduced soy-bean photosynthesis. The soy-bean
yield was reduced by about 65%, due in part to shading
by the weeds. Bakke (1944) obtained the same trend of
results. Address: Agronomy Section, Dep. of Agricultural
Engineering, Indian Inst. of Technology, Kharagpur.
1567. Ohmura, Takao; Howell, Robert W. 1962. Respiration
of developing and germinating soybean seeds. Physiologia
Plantarum 15(2):341-50. April. [15 ref]
• Summary: Special attention was given to the influence
of seed coats on cotyledon respiration. “Seed coats of
developing seed consumed oxygen rapidly enough to
severely restrict oxygen supply to the cotyledons, thus
making internal conditions in the cotyledons essentially
anaerobic and favorable for fat synthesis.” Address: Dep. of
Agronomy, Univ. of Illinois, Urbana, and Crops Research
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Div., ARS, USDA.
1568. Riddell, J.A.; Hageman, H.A.; J’Anthony, C.M.;
Hubbard, W.L. 1962. Retardation of plant growth by a new
group of chemicals. Science 136(3514):391. May 4. [3 ref]
• Summary: Seedlings of various species were sprayed
to runoff with an aqueous solution containing 5,000 parts
per million of N-dimethylaminomaleamic acid (CO11).
After 1 month, the height of soybean plants was reduced by
36% compared with untreated plants. Address: Naugatuck
Chemical Div., U.S. Rubber Co., Naugatuck, Connecticut.
1569. Huck, M.G.; Hageman, R.H.; Hanson, J.B. 1962.
Diurnal variation in root respiration. Plant Physiology
37(3):371-75. May. [29 ref]
• Summary: “The existence of a diurnal fluctuation in root
metabolism can be deduced from several studies.”
“A diurnal variation in root respiration was observed
with intact root systems of three species of plants grown in
the greenhouse. Respiratory rates during daylight were 25
to 50% greater than during the night. The diurnal variation
occurred under conditions of constant temperature and
humidity. When light was also held constant, the variation
pattern was interrupted, although root respiration still
fluctuated. There also was a diurnal variation in uptake
of Rb86 [Rubidium 86–radioactive] by intact plants with
maximum rates during the day.
“On the other hand, with respiration and ion
accumulation of tissue excised from root systems at various
periods of the day and night there was no significant diurnal
fluctuation. Thus the shoot proved essential for developing
the diurnal variation in root activities. Sugar analyses showed
that the fluctuations in root respiration were not correlated
with substrate levels.” Address: Dep. of Agronomy, Univ. of
Illinois, Urbana, Illinois.
1570. Kato, Yasumasa; Yanagisawa, Yukio. 1962. [Studies
on nitrogen metabolism of soybean leaves. II. Protein
metabolism of petiole-girdled leaves with special reference
to the behavior of nitrogen liberated by protein breakdown].
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 30(3):249-52. May. [6 ref. Jap;
eng]
• Summary: “The petiole-girdled leaves of soybean plants,
which have been placed for a short period of time, in the
nitrogen deficient solution, exhibited continual decrease in
protein with corresponding increase in soluble nitrogenous
compounds. Translocation of these soluble nitrogenous
compounds through the girdle was found to be almost
entirely disturbed, as total nitrogen content (expressed as
leaf area basis) in the leaves plus petioles (portions above
the girdle) were little changed throughout the experimental
period. About half the nitrogen liberated by protein
degradation in the petiole-girdled leaves appeared in the

petiole portions above the girdle, and there, fair amount of
the migrated nitrogen was elaborated into petiole proteins.
“Petiole-girdled leaves, which have been deprived
of exogenous nitrogen sources, recovered the ability of
synthesizing and maintaining protein only when nitrogen
was added exogenously to the plants.
“The results of chemical analysis as well as the facts
mentioned above suggested that newly added nitrogen may
have been better available for new protein synthesis than
soluble nitrogen that had been retained in the petiole-girdled
leaves.” Address: Faculty of Textile Science and Technology,
Shinshu Univ.
1571. Oizumi, Hisakazu; Nishiiri, Keiji; Katsura, Isami.
1962. [Function of leaves in soybean plants. I. Growth, dry
matter, nitrogen, phosphorus, potassium and carbohydrate
contents of each leaf]. Nippon Sakumotsu Gakkai Kiji
(Proceedings of the Crop Science Society of Japan)
30(3):253-56. May. [4 ref. Jap; eng]
• Summary: “Summary: In order to clarify the function of
leaves in soybeans, growth and constituents in each leaf
were examined every two weeks. The results obtained are as
follows:
“(1) The leaves expanded about 10 days after the
emergence of the leaves and grew large for two weeks after
that period. The length of upper leaves were commonly
larger than the lower ones, however, several ones at tips
became smaller.
“(2) The content of nutrients in each leaf increased as
growing and became largest at the period of about one week
after when the length of leaves became largest, and after
that period decreased gradually. The changes of the content
of nutrients had almost same tendency between leaves,
however, were not volumetrically.
“(3) The life of lower leaves was shorter than the upper
ones and the almost constant life after the emergence of
the branch from the definite section was observed in lower
leaves. The primary and the 1 st leaf are connected deeply
with the early growth and the other lower leaves with the
branching.
“(4) The upper leaves had longer life than the lower
ones, had pretty long duration of high nutrient contents and
had close relationships with the flowering and the fruiting.”
Address: Tohoku Univ. Agric. Exp. Station.
1572. Bergersen, F.J. 1962. Oxygenation of leghæmoglobin
in soybean root-nodules in relation to the external oxygen
tension. Nature (London) 194(4833):1059-61. June 16. [13
ref]
• Summary: “Leghæmoglobin, the characteristic red pigment
of legume root nodules, seems to be involved in some
component reaction of the fixation of atmospheric nitrogen
which these organs accomplish.” This experiment indicates
that there is an oxygen barrier in the nodules which does
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not permit the passage of oxygen into envelopes containing
bacteroids until a certain oxygen tension has been exceeded.
Address: Div. of Plant Industry, Commonwealth Scientific
and Industrial REsearch Organization (CSIRO), Canberra
[Australia].
1573. Foster, L.J.; Brown, P. 1962. A review of investigations
with soya in Nyasaland. Rhodesia Agricultural Journal
59(3):152-56. May/June. [2 ref]
• Summary: Contents: Introduction. Varieties. Cultivation
practices. Pests and diseases. Conclusions.
“Over the last ten years, over 40 varieties of soya have
been tried throughout Nyasaland. Previously two local
varieties, one black-seeded and the other yellow, had been
grown for some years in the Shire Highlands. One estate
regularly produced several hundred tons of the yellowseeded variety which, variously termed ‘B.C.A. yellow’ and
‘Bvumbwe local,’ is probably synonymous with ‘Pelican;’
the black variety closely resembles ‘Avoyelles.’”
Table 1 shows that many varieties were tested at
Bvumbwe in 1954-55 (Volstate yielded 3,140 lb/acre [52.33
bu/acre] and Hernon 279 yielded 3,066 lb/acre of soybeans)
and 1960-51, at Chitedze in 1953-54, and 1954-55, and
at Magomero in 1956-57. Table II gives a description of
the varieties grown at Chitedze, including maturity group
and days to harvest, place of origin, and remarks. Address:
Nyasaland Dep. of Agriculture.
1574. Singh, Amir; Kambal, Ali; Singh, S.S. 1962. The
iron-manganese relationship in plant growth. Indian J. of
Agronomy 6(4):298-303. June. [14 ref]
• Summary: The soybean was chosen as the test plant
since it has a relatively high requirement for manganese for
normal growth and development. Four levels of iron and four
levels of manganese were tried singly and in combination,
making 16 treatments in all. Plants starved of either iron or
manganese or both “were stunted, chlorotic, necrotic and had
water soaked spots on them.” Address: Univ. of Nebraska,
Lincoln.
1575. Simons, John N.; Swidler, R.; Benedict, H.M. 1962.
Absorption of chelated iron by soybean roots in nutrient
solutions. Plant Physiology 37(4):460-66. July. [7 ref]
• Summary: “During the past decade, many investigators
have studied the uptake of micronutrients when supplied as
chelates to plant roots. Considerable controversy has arisen
as to whether the metal is dissociated from the organic ligand
at the root membrane and is taken up by itself, or whether
the entire chelate is absorbed through the root membrane.
Several investigators. notably Wallace and co-workers (1, 7),
have offered evidence that the entire chelate is taken up by
the plant, whereas others, notably Tiffin and co-workers (3,
4, 5), have offered evidence that the metal is differentially
absorbed from the chelate at the root surface.

“During the past 18 months the Agricultural Research
Center of Stanford Research Institute has been conducting
studies on the mineral nutrition of plants with emphasis on
iron uptake in soybeans.”
“Summary: Absorption of Fe [iron] from ferric
ethylene bishydroxy phenyl glycine (FeEHPG) in nutrient
solutions was demonstrated in intact P1-54619-5-1 soybean
plants. EHPG was taken up through roots only when its
concentration exceeded that of the iron in the solutions...”
Address: Agricultural Research Center, Stanford Research
Inst., South Pasadena, California.
1576. Simons, John N.; Swidler, Ronald; Benedict, Harris
M. 1962. Absorption of chelated iron by soybean roots in
nutrient solutions. Plant Physiology 37(4):460-66. July. [9
ref]
Address: Dep. of Botany & Plant Pathology, The Ohio State
Univ., Columbus.
1577. Wallace, A.; Jeffreys, R.A.; Hale, V.Q. 1962.
Differential ability of two soybean varieties to take up
Fe59 from soil added to a nutrient solution. Soil Science
94(2):111-14. Aug. [5 ref]
• Summary: “The Hawkeye variety of soybean... is resistant
to lime-induced chlorosis, and the PI 54619-5-1 variety is
very susceptible to lime-induced chlorosis (2). Brown et al.
reported that the Hawkeye variety has a greater reductive
capacity at the root than the PI 54619-5-1 variety, and
postulated that this may be a reason for the difference in
susceptibility (2). If the reason for the differences in iron
uptake by the two varieties were the reductive capacity, one
would expect that, when both varieties were grown in the
same soil or solution, the Hawkeye would either stimulate
or have no influence on iron uptake by the PI 54619-5-1
soybean. If the differences were the result of inhibition
by something excreted by the PI 54619-5-1 soybean, this
soybean could be expected to decrease iron uptake by the
Hawkeye if both were grown in the same soil.” Address:
Univ. of California, Los Angeles.
1578. Brown, J.C.; Jones, W.E. 1962. Absorption of Fe, Mn,
Zn, Ca, Rb and phosphate ions by soybean roots that differ
in their reductive capacity. Soil Science 94(3):173-79. Sept.
[8 ref]
• Summary: Discusses absorption of iron, manganese, zinc,
calcium, rubidium. Address: USDA, Beltsville, Maryland.
1579. Jackson, W.A.; Evans, H.J. 1962. Effect of Ca supply
on the development and composition of soybean seedlings.
Soil Science 94(3):173-79. Sept. [26 ref]
• Summary: “Summary: In the absence of added Ca in sand
culture experiments, soybean seedlings rapidly developed
a necrotic symptom of the primary leaves. Affected tissue
contained from 0.08 to 0.12 me. Ca per g. In two of the
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experiments no significant reduction in root growth occurred,
whereas in each experiment top growth was significantly
reduced. Increasing the Ca supply eliminated the appearance
of the symptoms on the primary leaves and restricted
Mg accumulation in the tops, but it did not reduce the
accumulation of Mg by the roots.” Address: North Carolina
State College.
1580. Judd, Robert W. 1962. The soybean research situation.
Soybean Digest. Sept. p. 23-24.
• Summary: “The privacy of the soybean plant is being
invaded with no modesty allowed. All sorts of things are
happening–men with beta rays, men with plant disease
organisms, men with wire netting, men with beneficial
bacteria, men heaping plates of plant food. Yes, men in our
universities are using these and other techniques to learn why
the soybean plant grows and reproduces as it does.
“The regrettable fact is that there aren’t enough men on
the job. I’d like to tell you some of the interesting types of
research I’ve seen lately, why research is being conducted,
and comment on the inadequate soybean production research
effort in our USDA and our state experiment stations.
“A scientist over in Ohio made a machine using a beta
ray gauge to continuously measure the soybean plant’s
internal water balance. The normal method to determine
water content is to cut off a leaf, weigh it, float it in water
where it will absorb more, reweigh it, and thus calculate
the percent of maximum it contained. The trouble with
this method is that once a leaf is cut off to determine water
content, the experiment can’t be repeated–the plant is not the
same as before.
“The beta ray gauge machine continuously records, by
means of a moving line on graph paper, the amount of water
in the plant. The plant is not disturbed and can be used in all
stages of maturity. A scientist can tell immediately when a
plant is under stress from drought conditions. It was amazing
to me that water placed in soil so it was available to the root
hairs, moved into the leaves within 30 seconds. A plant that
has just wilted will regain most of its water content within 3
minutes after water is placed in contact with the roots.
“Scientists are looking for some supernodulating
bacteria. These bacteria live in colonies on legume plant
roots and change atmospheric nitrogen into compounds
called nitrates. In soil that had grown continuous corn for 40
years, nodulating bacteria were still present, but only in the
amount of 1% as many as were found in soils with rotated
crops. If some are more efficient in fixing nitrogen, just like
some cattle put on weight faster than others, then scientists
may take two strains of these bacteria, cross them and get a
hybrid that will really be a giant nitrogen producer. This is a
possibility and the search is on for proper parents.
“50-Bu. Vs. 35-Bu. Fields
“Fields in Indiana that produce around 50 bushels of
soybeans per acre every year are compared, as scientifically

as possible, with neighboring fields that usually produce
about 35 bushels or less. Roots are weighed, moisture is
constantly checked, pods are counted, nodules are weighed
and counted, leaves, stems and roots are chemically
analyzed–just everything is compared to try and find why
the one field produces 50 bushels per acre and the other only
35. A Kansas State scientist is also comparing high and low
yielding fields to find out the ‘why.’
“Extremely high rates of phosphorus and potassium
are ‘fed’ to varieties in experiments. The variety Chief kept
growing and yields increased when amounts of phosphorus
were used that killed the variety Lincoln. One variety had
only 0.8% potassium content in the leaves while another
had 2%. That’s a great difference–250%. Is one more
efficient, tolerant or wasteful than another? Is there a key
here to breaking the yield barrier? These questions are being
investigated.
“The amount of sunlight utilized by the plant seems to
be critical. The more leaf area exposed to the sun the more
photosynthesis possible and thus a higher yield is obtained.
There are a lot of leaves shaded in a soybean field–that’s like
keeping part of your ball team from batting. The uniform
canopy provided by our varieties may be a detriment to
yield in the sense that the umbrella-type of growth limits
leaf exposure to sunrays. One acre of soybeans needs 3½ to
4 acres of soybean plant leaf surface to get normal yields.
In our 40-inch-row fields there are 6½ to 7 acres of leaf
area–thus half the leaves do not function in photosynthesis.
Scientists are forcing different amounts of lodging, which
exposes more leaves to sunlight, using wire netting on plants
so light can penetrate within the row, planting different rates,
and including other variables to study the effect of sunlight
utilization. We need to know the best plant arrangement in a
field for maximum yield.
“Ten years ago our soybean breeders were not concerned
particularly with breeding for disease resistance. Today,
it is their major effort. Old diseases have become more
prevalent and new diseases have been observed for the first
time. Scientists are busy inoculating plots of plants with
disease organisms so survivors can be selected. Resistance to
phytophthora, pustule, mildew, brown spot, blights and other
diseases are the major concern of our breeders. Resistance
is being bred into the popular varieties we have now just as
quickly as possible.
“New Frontiers of the Mind
“This is a glimpse into some of the soybean research
projects presently being studied. The scientists seeking
new knowledge about the soybean plant are very capable
men. They are pressing toward new frontiers of the mind
which have replaced the frontiers of geography according
to Earl Butz, dean of agriculture at Purdue. Our agricultural
scientists have made it possible for you and I to enjoy the
highest standard of living of any nation at any time. Ten
years ago, an hour of factory work bought 2.3 pounds of
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chuck roast–today it brings 3.3; 20 eggs a decade ago and
40 eggs now; 6½ quarts of milk then and 8 quarts now.
The rapidity of advance of our agricultural technological
revolution in America has been phenomenal. There are
those who might say that our scientists have done their job
too well. We feed and clothe this nation and are the world’s
largest agricultural exporter with less than 10% of our labor
force on the farms. One person in agriculture supplies 26
other people. Many of those persons can be making air
conditioners, compact cars, drip-dry shirts, frozen pies or
providing services which most of the world doesn’t even
believe our average citizen can buy. The majority of people
in most nations must produce food or their people will
starve. Have our scientists been too successful, thus causing
our bountiful supplies to become burdensome surpluses? Is
production research needed in the midst of our filled bins?
“Moratorium on Research?
“Some persons have said we should ‘declare a
moratorium on research and education.’ This doctrine
was heard in 1920 when the post World War I surpluses
developed. Where would we be today if progress in
production had been halted at the 1920 level? Would other
countries have stopped their agricultural research? The
doctrine was preached in 1940 just before World War II
when production from the depression years had accumulated.
Where would we be today if we had abolished the jobs and
training for research scientists? This is not like the flicking
on and off of a light switch. It is, however, comparable to
dismantling the generator–the source of supply. immediate
use. It was only 15 years ago when we were still feeding
war-torn countries and declaring, ‘Food will win the peace.’
Would our country be as prosperous if we had only 1940
food producing techniques at work today?
“The farmers of this nation, and especially you who
raise soybeans on your farms, are in direct competition with
every other farmer in the world as I see it. If you can produce
soybeans for a satisfactory profit cheaper than another man
in another country can produce soybeans or the equivalent
of its products, protein and oil, then you should win a firm
seat in the marketplace of the world. You are competing with
sunflower farmers in Yugoslavia, castor bean producers in
India, rapeseed producers in France, West African peanut
growers and producers of other oil and protein crops abroad
and here at home. If you are not the most efficient producer
with the most efficient crop, the market will eventually be
dominated by another farmer with his crop. lie can be from
any land in this trade-conscious world of today” (Continued).
Address: Managing Director, National Crop Improvement
Council.
1581. Kiyosawa, Shigehisa; Kiyosawa, Kazuko. 1962. A
study on varietal difference in flowering habits of soybean
plants as followed by grafting experiments. Plant and Cell
Physiology (Tokyo) 3(3):263-73. Sept. [23 ref]

• Summary: “The material basis of varietal differences
in flowering habit was investigated from the standpoint
that flowering is determined by the balance in amounts of
flowering promotor and inhibitor. The grafting method was
used throughout the experiments.
“Late variety of Glycine max L. seems to produce
flowering inhibitor (or inhibitors) under the conditions under
which midseason variety produces flower. Early variety
seems to produce flowering hormone which overcomes the
flower-inhibiting action in the late variety.
“The amounts of flowering hormone produced under
short day condition by midseason and late varieties were
compared. The results show that, under the short day
condition, the midseason variety produces equal or smaller
amounts of flowering hormone as compared with the
late variety. On the basis of these results, the mechanism
by which the flowering habits are determined in various
varieties of soybean plants was discussed.” Address: Dep.
of Physiology and Genetics, National Inst. of Agricultural
Sciences, Japan.
1582. Soybean Digest. 1962. Why soybean yield is lower
than corn. Sept. p. 87. From University of Illinois Agronomy
facts.
• Summary: “Why don’t soybeans yield as much as corn or
cotton? There are some fundamental biological reasons for
this difference in yield.
“Basic to any intercrop comparison is the composition of
the product. A bushel of soybeans has a moisture-free weight
of 52.7 pounds, 9% more than the moisture-free weight of
a bushel of corn, 48.2 pounds. Soybeans are relatively high
in oil and protein and relatively low in carbohydrates. Corn,
on the other hand, is high in carbohydrates and low in oil
and protein. The average energy contents or caloric values
of these three classes of food materials are: carbohydrates,
1,860 Kcals/lb.; fats and oils, 4,300; and proteins, 2,560. Fats
and oils contain two and a third times as much energy per
pound as do carbohydrates. Proteins contain one and a third
times as much.
“Sunlight supplies all of the energy that is ultimately
stored in the seeds of corn, soybeans, and other crops.
During the season a field of corn and a field of soybeans
absorb about the same total amount of light and, therefore,
obtain about the same total amount of energy. But because
the soybean concentrates more of this fixed amount of energy
into high-energy oil and protein units, it can obviously make
fewer pounds.
“Some of the energy absorbed by the plant is used
to do ‘work.’ The first major product of photosynthesis
is carbohydrate, which the leaves of most plants store in
the form of starch. This carbohydrate can be considered
a starting material for the formation of other products. To
make oil and protein, the plant not only must concentrate
the energy into tighter units, but also must use a certain
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amount of energy to build these units. To illustrate, in
making 1 pound of oil a plant uses nearly 5 pounds of
carbohydrates. About 55% of the carbohydrates, or 2.7
pounds, is compressed into 1 pound of oil. The remaining
45%, or 2.3 pounds, is used or ‘burned’ in the process of
building the higher energy oil. The energy represented by
the carbohydrate that is ‘burned’ is called work energy.
The synthesis of protein also requires work energy, but
the amount is somewhat smaller than that for oil. By
comparison, the work energy for moving and storing
carbohydrates in the seed is very small.
“Soybeans and other legumes also acquire work energy
for the symbiotic fixation of nitrogen. It is not certain how
much energy they use in fixing nitrogen, but information on
the metabolism of nodules suggests about 33,000 Kcals per
bushel as an acceptable estimate.
“The Illinois average yields for 1948-57 and for the
years 1958 and 1959 show a ratio of soybean to corn yields
between .40 and .45 in each case, or close to that expected
from theoretical consideration of energy relationships.”
1583. Wickliff, J.L.; Aronoff, S. 1962. Evidence for absence
of diurnal variation of chlorophyll content in mature leaves
of soybean. Plant Physiology 37(5):590-94. Sept. [9 ref]
Address: Dep. of Biochemistry & Biophysics & the Institute
for Atomic Research 3, Iowa State Univ., Ames, Iowa.
1584. Soybean News (NSCIC). 1962. Soybean physiology
and nutrition projects in third year [at Iowa State, Illinois,
and Purdue universities]. 14(1):5. Oct. [1 ref]
• Summary: “The Soybean Physiology and Nutrition
Projects at Iowa State University, the University of Illinois
and Purdue University, supported by funds from the National
Plant Food Institute, National Soybean Crop Improvement
Council, a branch of the National Soybean Processors
Association, and individual plant food companies are in the
final year of the three-year study.
“Project leaders at each institution report the progress
of their project semi-annually. Knowledge discovered in
these studies will be made available at the conclusion of the
projects. A general description of the status of the research is
reported herewith and is based on the 1962 mid-year report.
“Iowa State University: The study of some aspects
of the physiology of the soybean at the time of flowering
and pod-set is being conducted. It is thought that this is a
critical phase of the plant affecting yield. The soybean plant
normally sheds a majority of its flowers and pods and this
study will concern factors other than genetic which affect
pod-set.
“Nodulation and its associated nitrogen fixation is one of
the least understood but most beneficial agronomic attributes
of the soybean crop. Studies of the nodulation phenomenon
from the higher plant aspect are being pursued.
“A third phase of research investigations is to determine

the inter-relationship of soil nutrient availability and
chemical composition of plants and their relationship of
effects of growth regulation, moisture stress and supply of
nitrogen from nodules.
“Experiments last summer were conducted to determine
how some growth regulator chemicals affected soybeans
under field conditions. Rates and times of treatments
encompassed broad ranges so as to cover the ranges of
physiological activity. Results of the treatments indicated
narrower ranges of treatments to be made this summer.
“The effects of chemicals and removal of plant parts
on the growth, flowering, and bean set and the interactions
of these treatments with photoperiod were studied with
greenhouse plants in the winter of 1961-62. Three hundred
and fifty pots of soybeans with either two or three plants per
pot were divided into four groups for study. The research
scientists investigated to determine if the low percentage of
pod-set is caused by the delicate balance between vegetative
and reproductive growth at the flowering stage.
“Purdue University: Soybeans do not consistently
respond to direct fertilization but they do respond to
increased fertility levels. This is evidenced by soybeans
showing the same percentage increase as corn in the Indiana
average state yields during the past 20 years. The Agronomist
cannot recommend how to double the yield within a year in
soybean fields normally producing 25-30 bushels per acre.
Meanwhile, the most successful growers produce yields in
excess of 45 bushels per acre almost every year in Indiana.
“Scientists have gone out into the soybean fields in
Indiana to search for the solution to the ‘soybean problem.’
An agronomic description of the soybean crop, the soil
and the environment are being attempted by procuring
information from 14 fields selected from the top yield
producers in the Indiana Five-Acre soybean yield contest.
“The selected high yielding fields have been ‘paired’
with fields yielding at least 25% less for an intensive study
during the summers of 1961 and 1962. Very thorough
agronomic characterization of the ‘paired’ fields will include
information about soil physical and chemical measurements,
weekly moisture levels in the soil profile, growth rates,
climatic data, cultural practices, plant populations, pods
per plant, seeds per pod, seed weight, and eleven element
analyses of foliar samples collected at three stages of growth
and from two parts of the plant.
“The Purdue scientists working on this project ‘hope that
somewhere within the mass of data we will find the clue or
clues that lead to the solution of the soybean problem.’ This
attempt to agronomically characterize the environment in
which the soybean plants of both unusually high yielding and
lower yielding soybean fields are growing is a gigantic task.
However, the research men believe that when the 1962 data
have been assembled some very informative conclusions
can be reached on what nutrient contents are associated with
high yield. University of Illinois Scientists conducting the
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Physiology and Nutrition project at Illinois believe there
may be a ‘possibility that the response to fertility of present
soybean varieties may be limited by genetic characteristics.’
Of the 2500 lines that have been introduced into this country
and are held in the ‘germ plasm bank’ by the U.S. Soybean
Laboratory only about 20 were involved in the development
of recognized, name varieties of commercial importance.
Apparently little research has been done to discover lines
which have ability to be ‘responsive’ to soil fertility. The
objective of the Illinois study was ‘to screen lines of
soybeans for relative abilities to respond to soil fertility.’
If responsive lines are identified, they could be suggested
for further study and use by plant breeders as a source of
responsiveness in the development of new varieties.
“During 1961 the research project consisted of four
experimental field locations and a seed increase area
to obtain seed for field trials on 101 plant introduction
varieties. Two varieties over 7 levels of phosphorus fertilizer
applications were compared as well as comparisons between
varieties concerning response to fertilization. This year
there are five experimental fields being used to compare 49
named varieties and the 101 plant introduction varieties in
fertilization response. Corn has been included in the plots to
compare relative response to fertility levels.”
1585. TSybul’ko, V.S. 1962. Sutochnye izmeneniya
soderzhaniya produktov assimilyatsii v list’yakh
dlinnodnevnykh i korotkodnevnykh kul’tur [Twenty-fourhour variations of assimilation products in the leaves of longand short-day plants]. Fiziologiia Rastenii (Physiology of
Plants) (Moscow) 9(5):567-74. Sept/Oct. [17 ref. Rus; eng]
• Summary: English: “A study was made of the differences
in accumulation and translocation of assimilation products
between long-day and short-day plants during twenty-fourhour periods.
“Methods are presented that permitted establishing
the fact that long-day plants translocate the bulk of the
assimilation products in the day time, short-day plants, at
night. In the case of long-day plants, more assimilates are
accumulated in 24 hours and are translocated from the leaves
on a long day, and in the case of short-day plants. the same
occurs on a short day.
“The conclusion is drawn that under conditions of
length of day to which the plants are adapted, more intensive
accumulation and. translocation of assimilates ensures a
more intensive flow to their growing points; this accelerates
the successive formation of new vegetative and reproductive
organs and finds expression in an early onset of flowering.”
Note 1. Vasily Vasilyevich Dokuchaev (1846-1903)
was an important and famous Russian soil scientist and
geologist. He taught at St. Petersburg University, anticipated
the “biome theory,” and developed the concept of the
chernozem black soil. He believed that soil is a result of
the interaction between climate, bedrock, and organisms.

Several agricultural research centers and libraries had been
named after him, according the World of Learning, 1994: (1)
The V.V. Dokuchaev Institute of Soil Science, Pyzhevskii
Pereulok #7, Moscow 109017; (2) The V.V. Dokuchaev
Central Black Soil Agricultural Research Institute, 397463
Voronezh Oblast [Division], Talov raion, Russian S.F.S.R.
It is located about 275 miles south southeast of Moscow in
the valley of the Don River; (3) Kharkov Agricultural Inst.,
V.V. Dokuchaev Library, Sumy Branch, Lenin St. 57, Sumy,
Ukraine.
Note 2. Webster’s Dictionary defines chernozem (which
in Russian literally means “black earth), a word first used in
1841, as “any of a group of dark-colored zonal soils with a
deep rich humus horizon found in regions (as the grasslands
of central North America) of temperate to cool climate.
Address: Kharov Order of the Red Banner of Labor V.V.
Dokuchayev Agricultural Inst., Kharkov, UDSSR [in the city
spelled Kharkiv, Ukraine–as of 2020].
1586. Weber, J.B.; Caldwell, A.C. 1962. Soybean chlorosis
from heavy fertilization. Agronomy Journal 54(5):425-27.
Sept/Oct. [14 ref]
• Summary: Heavy applications of concentrated
superphosphate alone and in combination with potassium
chloride (KCl) resulted in chlorotic plants. Address: 1.
Graduate Research Asst.; 2. Prof. of Soils. Both: Univ. of
Minnesota, St. Paul.
1587. Sirohi, G.S.; Hamner, K.C. 1962. Floral inhibition
in relation to photoperiodism in Biloxi soybean. Plant
Physiology 37(6):785-90. Nov. [14 ref]
• Summary: “Biloxi soybean is a short day plant with
a critical photoperiod of about 14½ hours. It has been
demonstrated that if short days are given in direct succession,
the number of nodes which produce flowers on a plant is
directly proportional to the number of inductive short days
between three and approximately ten...” If, however, the
short day treatments are not given in direct succession, there
may be no flowering response. Address: Dep. of Botany &
Plant Biochemistry, Univ. of California, Los Angeles.
1588. Thrower, Stella L. 1962. Translocation of labelled
assimilates in the soybean. II. The pattern of translocation
in intact and defoliated plants. Australian J. of Biological
Sciences 15(4):629-49. Nov. With 2 plates. [14 ref]
• Summary: Studies of carbon-14 labelled assimilate in the
soybean show that the expanding leaf is the major apical
sink. The expanding leaf imports assimilate from levels
below, this import rising to a maximum and then falling to
almost zero when the leaf is half expanded. At this stage,
the leaf has begun exporting assimilates to younger leaves.
Export, both to younger leaves and down the stem to the
root, increases until the leaf is fully expanded. The expanded
leaves may also import assimilate to a very slight degree.
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Photos show: Nine expanding leaves. Radioautographs of
different parts inside the soybean plant. Address: Botany
Dep., Univ. of Melbourne.
1589. Nagata, Tadao. 1962. Studies on the significance of
the indeterminate growth habit in breeding soybeans. II. A
method of early and concise testing of the determinate vs.
indeterminate growth habit by short-day treatment. Hyogo
Noka Daigaku Kenkyu Hokoku, Nogaku-hen (Science
Reports of the Hyogo University of Agriculture) 5(2):66-68.
Dec. [5 ref. Eng]
• Summary: Despite its importance in breeding soybeans,
the determinate vs. indeterminate growth habit has hitherto
never been mentioned except by a few workers in Japan.
As a reason for this, Dr. Johnson the U.S. the Agricultural
Research Service has pointed out that testing the habit in
field is of considerable difficulty since the growing status
of soybeans is altered greatly by their environment, such as
time of planting, locality, and other cultural practices. No
definite method of testing the growth habit has been clarified
although some attempts have been made.
In order to investigate a convenient and practical method
for distinguishing between these two growth habits, 69
soybeans were tested under short-day conditions (9 hours).
One association was found between the nodes increased
after flower primordia initiation or above the first flower
and the habit. Another association was also found between
the days of flowering period and the habit. Address: Lab.
of Plant Breeding, Hyogo Univ. of Agriculture, Sasayama,
Hyogo, Japan.
1590. Landero Perez, Robledo. 1962-1963. La soya en
Panamá. Estudio evaluativo de fertilizantes y variedades
[The soybean in Panama: An evaluative study of fertilizers
and varieties]. Tesis Ingeniería Agronómica, Facultad
de Agronomía, Universidad de Panamá, Panamá. 135 p.
(Mecanografiada). [Spa]
• Summary: Contents: Introduction. Part I: The soybean
(El frijol soya). General description. Botanical description.
Morphology. Physiology. Inoculation of seeds. Utilization
of the soybean (3 pages of tables showing food, industrial,
and feed uses of the soybean, soy protein, and soy oil).
Part II: The soybean in Panama. History of soybean
experiments conducted in Panama. Imports and exports of
soybeans and soy products. Potential in the oil industry.
The importance of soybean cultivation in Panama. Part III:
Fertilizer experiments with soybeans. Brief explanation.
Treatments. Experimental plan. Details of different factors
of the experiment. Variations: Observations in the field,
observations of the pods and seeds. Details and explanation
of the plots (cuadros): Observations in the field, observations
of the pods and seeds. Analysis of variance: Explanation of
the tables, conclusion.
Part IV: Replicated experiments with soybean varieties:

Brief explanation, varieties, experimental plan, details of
different factors of the experiment. Variations: Observations
in the field, observations of the pods and seeds. Details
and explanation of the plots: Observations in the field,
observations of the pods and seeds. Analysis of variance:
Explanation of the tables, conclusion.
Part V. Non-replicated experiments with soybean
varieties: Brief explanation, varieties, experimental plan,
details of different factors of the experiment. Variations:
Observations in the field, observations of the pods and
seeds. Explanation of the plots: Observations in the field,
observations of the pods and seeds. Table showing the
production of different varieties. Conclusion.
Part VI. Discussion of the experiment. General
conclusions. Recommendations. Appendixes: 1.
Classification of the varieties used in the experiments
according to the color of their pubescence (chocolate,
cream, or white). 3. Classification of varieties according to
their growth habits (erect, semi-crawling, crawling/vining/
procumbent) (rasteras). 4. Varieties according to the size
of their leaves. 5. Varieties according to the color of their
leaves (green, greenish yellow, yellowish). 6. Varieties
according to the wrinkling/creasing (arrugamiento) of their
leaves. 7. Varieties according to defoliation at maturity.
8. Varieties according to uniformity during maturation. 9.
Varieties according to the size of their first node (Entre
Nudos, in cm). 10. Varieties according to the length of their
pods. 11. Varieties according to the color of their pods. 12.
Varieties according to the caída of their pods. 13. Variety
and number of pods per axil. 14. Varieties according to the
average number of seeds per pod. 15. Varieties according to
the characteristics of the seed: Color of the seed, hilum, and
cotyledons. 16 Varieties according to vanas pods.
The section on the history of soybean experiments in
Panama (p. 12-13) states: “The soybean is a crop that is of
interest to the Department of Agricultural Investigations
(Departamento de Investigación Agrícola) of the Ministry of
Agriculture, Commerce, and Industry for its qualities useful
in the commercial production of oil, its derivatives to make
protein-rich foods, and its great usefulness in industry and in
feeding animals.
“Recently, in relation to the state of our agriculture,
various experiments have been conducted to determine
the soybean’s adaptability and yield potential, the effect
of fertilizers on yield, the effect of time of planting on
production, etc.
“At the Alanje Experimental Station field trials have
been conducted for 5 years [since about 1958] on 86 soybean
lines and commercial varieties, and presently the department
mentioned above is working on the process of determining
the results obtained, and before long they will publish a
pamphlet explaining the conditions.
“Previous to the work of Alanje, the National Institute
of Agriculture at Divisa (el Instituto Nacional de Agricultura
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en Divisa) had dedicated a large part of its efforts to
experimentation with soya. But unfortunately, for reasons
I cannot analyze here, the information that should have
come from these experiments did not yield the benefits that
would have been hoped for. However, the investigators
explain, the experience obtained will be of great use in future
experiments.
“For all of the trials conducted in Divisa, and later
in Alanje, the Ministry obtained the technical help of the
Interamerican Service for Agricultural Cooperation (Servicio
Interamericano de Cooperación Agrícola).
Pages 13-14 discuss imports and exports. A graph
on page 14 shows imports of soya to Panama from 1952
to 1962. In 1952 some 2,677 kg of soya were imported,
however the type of soy product imported is not indicated.
The source of this information is the Directorate of Statistics
and the Census of the General Controllership of Panama
(Direcciónde Estadística y Censo de la Contraloría General
de la República).
The author conducted soybean fertilizer and variety
trials at Tocumen, Panama. He planted seeds for the trials on
2-3 June 1962 and harvested the crop on 10-11 Oct. 1962.
He observed the fungus Cercospora sojina attached to the
foliage of the plants.
Note: This is the earliest document seen (Feb. 2009)
concerning soybeans in Panama proper (not including the
Canal Zone), or the cultivation of soybeans in Panama. This
document contains the earliest date seen for soybeans in
Panama (1952 or 1958), or the cultivation of soybeans in
Panama (1958). The source of these soybeans is unknown.
Address: Tesis Ingeniería Agronómica, Facultad de
Agronomía, Universidad de Panamá, Panama.
1591. Chorney, W.; Scully, N.J.; Dutton, H.J. 1962.
Radiation effects of carbon-14 and tritium on growth of
soybean. Northern Utilization Research and Development
Division (USDA), Publication No. UAC-6360. 24 p. *
Address: Agronne National Lab., Illinois.
1592. Izawa, G.; Okamoto, S. 1962. [Studies on transport of
chemical constituents in germinating plant seeds. I. Transport
of nitrogenous constituents in germinating soybean seeds].
Hyogo Noka Daigaku Kenkyu Hokoku, Nogakuhen (Science
Reports of the Hyogo University of Agriculture) 5(2):101-08.
[10 ref. Jap; eng]*
1593. Klykov, A.P. 1962. [Soyabean cultivation in the Northwestern zone of the Russian Soviet Federated Socialist
Republic]. Vestnik Sel’skokhozyaistvennoi Nauki (Journal of
Agricultural Science, Moscow) 7(3):45-50. [Ser; eng; ger;
fre]*
Address: Velikie Luki Agricultural Inst.
1594. Loo, S.W.; Ling, K.L. 1962. [Studies on the

physiological actions of the gibberellins. IV. The effect of
gibberellin on the absorption of nitrogen and phosphorus32
by plants]. Shih Yen Sheng Wu Hsueh Pao (Acta Biologicae
Experimentalis Sinica) 7(4):323-28. [10 ref. Chi; eng]*
Address: Inst. of Plant Physiology, Academia Sinica,
Shanghai.
1595. Mitrovic, Andelka; Suput, Milan; Mihajlovic, Mirosla.
1962. Inspitivanja nekih bioloskih promena na soji zracenoj
X-zracima [An investigation of some biological changes
on soybeans treated with x-rays]. Arhiv za Poljoprivredne
Nauke (Archives of Agricultural Science) 15(48):75-90.
[Ser]*
Address: Yugoslavia.
1596. Sen, S.P. 1962. The role of carbon dioxide fixation in
photoperiodism–the effect of dark interruption treatments.
Indian J. of Plant Physiology 5(1-2):202-17. [17 ref]*
Address: Kalyani Univ., West Bengal.
1597. Vrebalov, Tihomir. 1962. Uticaj nekih klimatskih
faktora bioloske i biohemijske osobine soje [The effect of
some climatic factors on the biological and biochemical
features of soybeans]. In: II Kongres Biologa Jugoslavije (II
Congress of Biologists of Yugoslavia). [Ser]*
Address: Yugoslavia.
1598. Cartter, Jackson L.; Hartwig, Edgar E. 1962. The
management of soybeans. Advances in Agronomy 14:359412. [174 ref]
• Summary: Contents: I. Introduction: World production
(958,275,000 bushels in 1960), United States production
trends, utilization (processing to obtain oil and meal, hay
and green manure). II. Soil and climatic adaptation: Areas of
production in the United States, soil requirements, climatic
adaptation (effect of temperature on plant growth, effect of
temperature on composition of seed, effect of light on plant
growth, effect of photoperiod on flowering and maturity,
effect of soil moisture on growth). III. Time of planting and
varietal adaptation: Effect on plant characters (maturity,
plant height, lodging, seed quality, size of seed, seed yield),
effect on composition of the seed. IV. Planting methods and
equipment: Seedbed preparation (conventional, minimum
tillage, deep tillage), row width and planting rate (row width,
planting rate), double cropping (after fall-sown grain crops,
after peas), special methods of planting, types of equipment.
V. Rotation practices and erosion control: Effect on
soybean yields, effect on the following crop, effect on weed
population, soil residues from herbicides, erosion control.
VI. Weed control: Effect of planting time on plant growth
and weed competition, methods of cultivation, chemical
weed control (pre-emergence herbicides, post-emergence
herbicides). VII. Seed quality and seed treatment: Factors
affecting seed quality and germination, seed treatment. VIII.
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Nutrient requirements: Nitrogen requirements and nodulation
(effectiveness of nodulation as a source of nitrogen, methods
of inoculation, survival of bacteria in the soil, effect of seed
treatment on inoculation, effect of nitrogen applications),
liming and pH levels (pH and plant development, calcium
and magnesium requirements), phosphorus, potassium,
trace elements, fertilizer practices and recommendations.
IX. Water requirements and utilization: Water needs in
relation to plant growth and development, irrigation and
soil management. X. Growth-regulating chemicals. XI.
Harvesting: When to harvest, harvesting methods. XII. Seed
storage. XIII. Discussion.
The USA now produces about 57% of the world’s
soybeans, followed by China (PRC; about 33%), Indonesia,
Japan, Korea, USSR, Brazil, and Canada, in that order. By
1920, U.S. production was 3,000,000 bushels and the leading
states were North Carolina, Virginia, Alabama, Missouri,
and Kentucky–North Carolina producing 55% of the total.
By 1931, the center of production had shifted to the North
Central States, where it is at present.
Note: According to Google Scholar, this is the 3rd most
widely cited article (cited by 172) of which E.E. Hartwig is
an author. Address: 1. United States Regional Soybean Lab.,
Urbana, Illinois; 2. Stoneville, Mississippi.
1599. Kitamura, S. 1962. [Applied botany]. Tokyo: Asakura
Book Co. See p. 261. [Jap]*
• Summary: Soybeans were introduced to and grown in
Korea sometime between 30 B.C. and A.D. 70.
1600. Kurnik, Erno. 1962. A szoja [The soybean]. Budapest,
Hungary: Akademiai Kiado [Academy Publishing House].
377 p. (Budapest: Magyar Tudomanyos Akademia.
Agrartudomenyok Osztalya. Monografiai Sorozat [Hungarian
Academy of Sciences, Division of Agricultural Science,
Monographs]). [381 ref. Hun; eng]
• Summary: Contents (in English): Foreword. Part I:
Distribution of the soybean. 1. Historical: Denominations,
legendary world of the soybean, soybean and religious cults,
descent and centre of origin of the soybean, soybean growing
in Asia, introduction of soybean growing into Europe,
soybean growing in the USSR, history of soybean growing in
the USA. 2. Soybean growing in the world and particularly
in Hungary: Situation of soybean growing in Hungary.
Part II: Taxonomic place and morphology of soybean.
1. Taxonomic place of soybean and of related species. 2.
Botanical description of soybean: Morphology of soybean,
anatomical structure of soybean, chromosome number of
soybean.
Part III: Physiology of soybean. 1. Germination
of soybean: Conditions of germination, stimulation of
germination, inhibition of germination, biochemical
processes of germination, carbo-hydrate metabolism
of germination, amino acid and protein metabolism of

germination, lipid metabolism of germination. 2. Physiology
of soybean. 3. Developmental physiology of soybean:
Developmental phenomena of soybean, growth of soybean,
soybean and photoperiodism. 4. Ripening of soybean:
Protein synthesis, oil synthesis, respiration–cell respiration.
5. Chemical composition of soybean seed: Proteins, oils
and phosphatides, carbo-hydrates, vitamins. 6. Biology of
flowering.
Part IV: The growing of soybean. 1. Climatic and
soil requirement of soybean: Ecologic constitution and
adaptation of soybean, climatic requirement of soybean,
soil requirement of soybean, soybean growing regions of
Hungary. 2. Cold and drought resistance of soybean: Cold
resistance of soybean, drought resistance of soybean, drought
endurance of different varieties. 3. On soybean growing in
general: Preceding crops to soybean, soybean as a preceding
crop, place of soybean in crop rotation. 4. Fertilization
of soybean: Organic manuring of soybean, application of
commercial fertilizers to soybean, effect of liming, foliar
nutrition of soybean.
5. Inoculation of soybean: fixation of atmospheric
nitrogen by nodule bacteria, effect of daylength on nodule
formation, relationship of nutrient supply and nodule
formation, interrelation between time of infection and nodule
formation as well as effectiveness of inoculation, relationship
of nodule formation and surplus yield, yield quantity and
quality as affected by inoculation, effect of inoculation on
some soybean varieties, correlation between the age and the
nitrogen assimilation capacity of Rhizobia. The problem
of repeated inoculations, correlation between effectiveness
of inoculation and climatic conditions, the practice of seed
inoculation in soybean, experiences obtained in the domain
of soybean seed inoculation.
6. Soil preparation. 7. Sowing and emergence of
soybean: Time of sowing, row and plant distance, depth of
sowing, seeding rate, methods of sowing. 8. Plant cultivation.
9. Chemical weed control. 10. Pests and diseases of soybean:
Animal pests, virus diseases, fungus diseases. 11. Harvest
of soybean. 12. Yield of soybean. 13. Storage of soybean.
14. Seed production of soybean. 15. Yield assessment of
soybean. 16. Soybean grown for forage: Soybean grown
for green fodder and hay, soybean grown with silo maize,
association of soybean with other forage crops. 17. Irrigation
of soybean: Soil requirement, place in the crop rotation,
fertilization, soil preparation, varietal problem, sowing, plant
cultivation, irrigation, yields.
Part V: Breeding and varieties of soybean. 1. Problems
of soybean breeding: History of soybean breeding in
Hungary, objectives of soybean breeding, initial material
of breeding, inheritance of morphological and qualitative
plant characters, correlation of plant characters and their
significance in breeding, mutations, breeding methods,
breeding practices, artificial variety mixtures. 2. Varietal
taxonomy of soybean: Ssp. gracilis (Skv.) Enk, ssp. indica
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Enk, ssp. chinesis Enk, ssp. manshurica Enk, ssp. korajensis
Enk, ssp. slavonica Kov. et Pinz. 3. Some important soybean
varieties: Improved Hungarian soybean varieties, varieties
bred recently in Ireg, other Hungarian varieties, Soviet
varieties, other foreign varieties, American soybean varieties.
Part VI: Utilization of soybean. What is made of
soybean: Soybean as human food, medical aspects of
soybean, utilization of soybean in Hungary, prospects in
soybean utilization.
Annex: List of figures, list of coloured tables, list of
tables, author index, subject index. Address: Hungary.
1601. Steenis-Kruseman, M.J. van. 1962. Contributions
to the history of botany and exploration in Malaysia: 8.
Heinrich Bürger (? 1806–1858), explorer in Japan and
Sumatra. Blumea 11(2):495-508. [35 ref]
• Summary: A good biography of Heinrich Bürger. Of
Jewish ancestry, he was probably born on 20 Jan. 1806
at Hameln (near Hannover, Germany), the seventh of ten
children of Samuel Bürger and Eva Meyer. his father died
when he was young. In 1823 he secretly left his parental
home to go to Holland. In Sept. 1823 he sailed from
Amsterdam to Java. A major reason that he entered the Dutch
East India Co. was to help his mother and sisters financially.
He was officially appointed apprentice pharmacist in the
hospital at Weltevreden (=Batavia, Jakarta) and in 1825 was
promoted to 3rd class pharmacist. Later in 1825 he was, at
his own request, put at the disposal of the surgeon-general
Ph. F. von Siebold at Deshima, a small islet in Nagasaki
Bay–the place of Dutch settlement in Japan.
In 1826 Von Siebold made a journey to Edo and, under
the guise of being his secretary, Bürger was allowed to
accompany him.
In 1828 he was commissioned to take over the position
of von Siebold, but due to problems with Siebold’s illegal
maps of Japan, the latter was not allowed to leave before
Dec. 1829. For the preceding 13 months he was kept in the
smallest house at Deshima, not by the Japanese but by the
Dutch officials who feared that their commercial relations
with Japan might be jeopardized. Yet even during this
unpleasant period of isolation, Siebold managed to add to his
nature specimens.
Between 1830 and 1835 Bürger sent large Japanese
botanical and zoological collections to Leyden. Address:
Oegstgeest.
1602. Altschul, Aaron M.; Talluto, Katherine F.; Sharer,
Beatrice A. eds. 1963. Proceedings: Seed Protein
Conference. New Orleans, Louisiana: USDA Agricultural
Research Service. iv + 292 p. Held 21-23 Jan. 1963 at
Southern Utilization Research and Development Division
(USDA ARS), New Orleans, Louisiana. No index. 27 cm.
[100+ ref]
• Summary: There were 4 opening speeches, 9 sessions, and

25 papers. A luncheon program was followed by speakers.
An attendance list is provided. The main seed proteins
discussed are those from soybeans, peanuts, cottonseeds,
wheat, and hempseeds. Seven papers on soybeans are cited
separately. Near the back is a directory of participants. Aaron
Mayer Altschul was born in 1914.
1603. Hamilton, L.C. 1963. Why soybeans mature. Soybean
Digest. Jan. p. 20.
Address: Clemson News, Clemson, South Carolina.
1604. Kliewer, Mark; Evans, Harold J. 1963. Cobamide
coenzyme contents of soybean nodules and nitrogen fixing
bacteria in relation to physiological conditions. Plant
Physiology 38(1):99-104. Jan. [16 ref]
• Summary: During the last 2 years, experiments have
shown that cobalt is essential for the growth of soybeans
under conditions where they must use atmospheric nitrogen.
Cobalt also strikingly stimulates the growth of Rhizobium
japonicum. Address: Dep. of Botany and Plant Pathology,
Oregon State Univ., Corvallis, OR.
1605. Lingle, John C.; Tiffin, L.O.; Brown, J.C. 1963. Iron
uptake–transport of soybeans as influenced by other cations.
Plant Physiology 38(1):71-76. Jan. [20 ref]
• Summary: “Of the many factors affecting the absorption
of iron by plants, the interference of other metal ions appears
quite important.”
“With the exception of Ca and Mg, increasing
concentrations of the interfering cations enhanced and then
depressed the volume of stem exudate produced. Calcium
and Mg decreased exudate production long before the Fe
concentration in the exudate was depressed.
“Radioautograms of electrophoretically separated
components of stem exudate revealed that Mn54 and Zn65
did not substitute for Fe in the malate complex. Instead,
these two isotopes move toward the cathode, either as free
ions or organic compounds of similar mobility.” Address:
Mineral Nutrition Lab. for Pioneering Research, Agricultural
Research Service, USDA, Beltsville, Maryland.
1606. Talluto, Katherine F.; Altschul, Aaron M. 1963.
Summary of [Seed Protein] Conference. In: A.M. Altschul,
K.F. Talluto, and B.A. Sharer, eds. 1963. Proceedings. Seed
Protein Conference. New Orleans, LA: USDA Agricultural
Research Service. iv + 292 p. See p. 1-10.
• Summary: “Perhaps for the first time in modern history a
conference was devoted exclusively to seed proteins. This
gathering was made possible by the resurgence of interest in
seed proteins, in their isolation and chemistry, and in their
role in plant physiology. Aaron M. Altschul (USDA, New
Orleans), Chairman of the conference pointed out in his
introductory remarks that although seed proteins always have
been of practical interest as major sources of protein food
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for man and animal, there is a growing realization that seeds
and seed proteins can serve as biological models for study of
problems in growth and differentiation and for clarification
of certain aspects of protein chemistry.
“The program included the following subjects:
“1. Properties of pure seed proteins.
“2. Questions on organization and conformation of seed
proteins.
“3. Recent progress in analysis and purification of
proteins.
“4. Isolation and properties of certain biologically active
seed proteins.
“5. Subcellular location of seed proteins.
“6. Synthesis of enzymes during germination.” Address:
Southern Utilization Research and Development Div. (USDA
ARS), New Orleans, Louisiana.
1607. Cooper, Eugene E.; Girton, Raymond E. 1963.
Physiological effects of manganese deficiency related to age
in soybeans (Glycine max). American J. of Botany 50(2):10510. Feb. [23 ref]
• Summary: “Soybean plants when grown in manganesedeficient silica sand cultures developed typical manganese
deficiency symptoms of interveinal chlorosis and necrosis.
Physiological effects including depression of photosynthesis,
respiration, growth, and relative chlorophyll contents were
studied. The depression of photosynthesis was not always
proportional to reduced chlorophyll content. This is taken to
indicate the importance of manganese in reactions concerned
in photosynthesis in addition to chlorophyll formation.
“Age of leaves related to position on the plant and actual
aging of the plants with time sometimes produced different
results when related to photosynthetic rates, which mainly
decreased with age of plants. Chlorophyll content in young
leaves increased with plant age, except for a consistent
decrease after leaf maturity. Respiration rates generally
decreased with age. For the most part, the effects of aging on
photosynthesis, respiration, and chlorophyll contents were
the same for soybeans as for other species reported in the
literature.” Address: Dep. of Biological Sciences, Purdue
Univ., Lafayette, Indiana.
1608. Crittenden, H.W. 1963. Delmar, a new soybean.
Soybean Digest. Feb. p. 7-8.
• Summary: Delmar is resistant to one species of root-knot
nematode, has a very high oil content (22.8%, the highest of
any commercial variety in the same maturity group), and a
yellow hilum. It also has some resistance to “pod and stem
blight disease” and “purple stain disease.”
A table shows a comparison of Delmar, Kent, and Clark
soybean varieties (1959-61) in regional tests. A photo shows
Dr. Crittenden examining a row of the new Delmar soybean,
which is growing next to a row of Bethel soybeans. Address:
Assoc. Prof., Dep. of Plant Pathology, Univ. of Delaware,

Newark, Delaware.
1609. Perur, N.G.; Smith, R.L.; Wiebe, Herman H. 1963.
Catalase activity and iron deficiency in soya bean leaf tissue
(Letter to the editor). Current Science (Bangalore, India)
32(4):162. April.
• Summary: “The set of plants that received very low
supply of iron apparently did not exhibit symptoms of iron
deficiency (chlorosis) on their, leaves. However, the low
iron supply had influence on the catalase activity of the leaf
tissue. The enzyme activity was reduced by an extent of 32%
as a result of iron deficiency. The results of the investigation
therefore lead to the conclusion that the measurement of
catalase activity served as an indicator of the physiological
response of the plants to their nutrient status of iron.”
Address: Agronomy Dep., Utah State Univ., Logan, Utah.
1610. Evans, N.T.S.; Ebert, M.; Moorby, J. 1963. A model
for the translocation of photosynthetic in the soybean. J. of
Experimental Botany 14(41):221-231. May. [11 ref]
• Summary: “The transport of photosynthetically
incorporated carbon down the soybean stem is discussed in
terms of flow from a reservoir in the upper part of the plant.
A comparison of this model with the experimental data from
the preceding paper leads to an estimate of translocation
velocity of about 6o cm. per hr. and to leakage of material
from the sieve tubes of about 0.8 per cent. per cm. of stem
traversed. The effects of velocity distributions and delays
in the translocation system are considered.” Address:
1-2. M.R.C. Experimental Radiopathology Research
Unit, Hammersmith Hospital, London, W.12; 3. A.R.C.
Radiobiological Lab.; Letcombe Regis, Wantage, Berks.
1611. Moorby, J.; Ebert, M.; Evans, N.T.S. 1963. The
translocation of 11C-labelled photosynthate in the soybean. J.
of Experimental Botany 14(41):210-20. May. [7 ref]
• Summary: “The movement of photosynthetically
incorporated carbon down the stem of soybean plants has
been studied in vivo using carbon dioxide labelled with
the short-lived isotope 11C. The rate of accumulation of
radioactivity at several points in the stem was measured
during continuous illumination. This accumulation rate
quickly became constant and remained so for at least
several hours. The effects of stopping photosynthesis, of
removing the labelled carbon dioxide, and of different light
pretreatments of the plants were investigated. The results
are discussed in terms of a flow translocation process and a
pool of labelled photosynthate in the upper part of the plant.”
Address: 1. A.R.C. Radiobiological Lab., Letcombe Regis,
Wantage, Berks.; 2-3. M.R.C. Experimental Radiopathology
Research Unit, Hammersmith Hospital, London, W. 12.
1612. Xuan, Dinh Ngoc; Diehl, R. 1963. Contribution a
l’étude biologique du soja: Les phases du développement
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[Contribution to the biological study of the soyabean: The
phases of development]. Comptes Rendus Hebdomadaires
des Seances de l’Academie d’Agriculture de France (Paris)
49(11):946-54. Meeting of June 19. [5 ref. Fre]
• Summary: Soybean varieties discussed include Kouban
early, Capitol, and Hawkeye. The phases are: The vegetative
period. The reproductive period. Duration of vegetation.
Address: Laboratoire d’Agronomie, Éc. Nat. Sup.
Agronomique de Toulouse, France.
1613. Fisher, J.E. 1963. The effects of short days on fruitset
as distinct from flower formation in soybeans. Canadian J. of
Botany 41(6):871-73. June. [6 ref]
• Summary: The “soybean is normally regarded as a shortday plant... While flowering occurs most rapidly under short
days it will occur with prolonged exposure to long days...”
“The purpose of this communication is to show that
flowering plants can be induced to set fruit by as few as
three short-day cycles inserted into an otherwise long-day
regime, and that the plants will continue to set fruit for the
remainder of the reproductive life of the plant regardless of
the subsequent photoperiod.” Address: Research Branch,
Canadian Dep. of Agriculture, Ottawa, Canada.
1614. Bils, R.F.; Howell, R.W. 1963. Biochemical and
cytological changes in developing soybean cotyledons. Crop
Science 3(4):304-08. July/Aug. Based on Bils’ 1962 PhD
thesis, Dept. of Botany, Univ. of Illinois. [29 ref]
• Summary: The physiology, biochemistry, histology, and
cytology of developing soybean cotyledons from 15 days
after flowering to maturity were studied using manometric
and histochemical techniques, plus light microscopy and
electron microscopy.
By 26 days after flowering (DAF), starch, lipid, and
protein bodies were present in cytosol in soybean cotyledons.
As the seed developed, the cells of the cotyledons became
packed with the lipid, protein, and starch bodies. However
the starch bodies disappeared just prior to seed maturation.
Note: This is the earliest document seen (May 2011)
that describes the use of an electron microscope (in this case
a transmission electron microscope) to examine soybeans
or soyfoods. Address: 1. USC; 2. Plant physiologist, CRD,
ARS, USDA.
1615. Mansfield, T.A. 1963. Length of night as a factor
determining stomatal behaviour in soybean. Physiologia
Plantarum 16(3):523-29. July. [9 ref]
• Summary: “It has been known for many years that plants
sometimes exhibit a rhythm of stomatal movement even in
continuous light of constant intensity.” These experiments
show that stomatal opening in Biloxi soybean is influenced
by length of night. Address: Univ. of Reading Horticultural
Research Laboratories, Shinfield Grange, Shinfield,
Berkshire, England.

1616. Norman, Arthur Geoffrey. ed. 1963. The soybean,
genetics, breeding, physiology, nutrition, management.
New York, NY, & London: Academic Press. x + 249 p. 2nd
printing 1967. Revised ed. 1978. Map. Author index. Subject
index. 23 cm. [835 ref]
• Summary: The book’s four sections are updated and
expanded versions of articles originally published in 1960 in
Advances in Agronomy. Each is cited separately. The author
was born in 1905. Address: Univ. of Michigan, Ann Arbor.
1617. Johnson, Herbert W. 1963. Cooperative soybean
breeding research (Continued–Document part II). Soybean
Digest. Sept. p. 79, 81-83.
• Summary: (Continued): “However, after the obviously
inferior selections are discarded, the process of identifying
which of the few remaining is best is difficult. Soybean
breeders from various states cooperate in this advanced
testing and compare their own selections with those
developed by other breeders. In these comparisons they
must decide the extent to which superior performance in
one characteristic compensates for a deficiency in another,
because selections without some deficiencies are extremely
rare.
“For example, suppose yields of two selections exceeded
the yield of the best available commercial variety by 2
bushels per acre. One of these selections lodges more than
the commercial variety and the other shatters more. Which
if either of the selections should be released is the type of
question the breeders must answer before experimental
selections become varieties. The answers to the questions
must be based on tests conducted in a representative sample
of locations in the area where the variety will eventually be
grown because we feel that we have the responsibility of
identifying any possible weakness in a variety before it is
released, rather than releasing it to you and letting you find
them out. Soybean breeders in the United States evaluate
thousands of selections each year but only an extremely
small percentage of them ever become varieties.
“In 1963 we were able to add one position dealing
directly with the genetics of the soybean. The individual
who accepted the position, Dr. B.E. Caldwell, is stationed
at Beltsville, Maryland, and will spend a portion of his time
providing breeding materials for the eastern shore production
areas of Delaware, Maryland, northern Virginia, and southern
New Jersey. These areas have some unique problems,
particularly in seed quality, and we hope that the portion
of his time that Dr. Caldwell devotes to providing breeding
materials to several interested state workers will contribute to
rapid progress in a rather sizable production area.
“Most of Dr. Caldwell’s time will be devoted to research
on soybean genetics which we believe will increase the
efficiency of breeding programs generally. His research also
will include an investigation of the responses of soybean
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varieties to selected strains of nodulating bacteria.
“Pathology. The plant pathologists that work on soybean
diseases do research in two important areas. They work with
plant breeders in developing varieties resistant to diseases
and carry a major part of the responsibility for getting
the selections infected with the disease in question and in
classifying the selections for resistance. Before they can do
this type of work, however, they must do work in their main
area of responsibility. This involves finding out about the
organisms that cause the diseases. What are they, how are
they transmitted, how do they survive from one season to
the next, and what are their relationships with other disease
organisms? This type of work is indispensable to continued
profitable soybean production in the United States, and to an
efficient breeding program.
“Soybeans have many different diseases that are well
known to research men, but obviously all do not cause severe
losses each year, otherwise soybean production would not
be at its current level. The important questions in our disease
research are, ‘Which of the diseases cause the most damage
and which have the maximum potential for causing damage?’
Using the best answers to these questions we can obtain, we
decide which diseases should receive our available research
effort.
“We also have new diseases in soybeans about which we
have relatively little information. One such disease, caused
by bacteria, is a good illustration of the value of research in
soybean plant pathology. The disease was first discovered
about 3 years ago when we received some damaged soybeans
and were asked to identify the cause of the damage. The seed
contained many bacteria and subsequent research indicated
that almost all soybean seed contain varying amounts of
the same kind of bacteria. The bacteria also are present in
other parts of the plant, and cause various kinds of damage
depending on the variety and the conditions under which
the plants are growing. We have indications that the bacteria
may be involved in diseases we have thought were caused
by other organisms. Although we do not fully understand the
significance of this particular type of bacteria, we do believe
it is important in soybean production and that it merits
concentrated attention in our research.
“Two-Virus Disease: Another new disease is caused
by two viruses. Either of the viruses alone causes relatively
little damage to soybeans and we do not consider them major
diseases. However, when soybean plants are infected by
both viruses at the same time, yields are reduced drastically.
Thus we can no longer consider the two viruses as two minor
diseases, because when they occur together they cause a very
serious disease.
“We are fortunate that the new appropriation in 1963
enabled us to add a pathologist, Dr. Hideo Tachibana, at
Ames, Iowa. Dr. Tachibana’s main responsibility is to do
research designed to improve our understanding of the
interrelations among soybean diseases and between soybean

diseases and the soybean plant. As our information in these
areas increases, research efficiency in the development of
control measures, primarily resistant varieties, for soybean
diseases will increase.
“Physiology: In our plant physiology research we try
to find out things about the soybean that will permit us to
understand why it responds to various conditions as it does.
It isn’t sufficient to say that one variety is superior to another.
We need to know why one variety is superior. Is it superior
because it takes up more water or nutrients or because it
utilizes what it does take up more efficiently? Is it superior
because its leaves intercept more of the available sunlight or
because it converts a higher percentage of the light it does
intercept into energy stored in its seed?
“You probably have heard or observed yourself that
soybeans do not respond to direct applications of commercial
fertilizers as well as do many other crops. This is good
information to have and in your current production of
soybeans the information probably is adequate for planning
your farm fertilization program. An explanation of why
soybeans respond to commercial fertilizers as they do is
the type of information we try to accumulate in our plant
physiology research. We would like to have this sort of
information because we believe that if we knew why
soybeans respond to various conditions as they do, we could
develop some procedure of altering that response to the
advantage of the soybean grower.
“Research on the response of soybeans to phosphorus is
a good example of research in plant physiology. Some time
ago we observed that under conditions of disproportionately
high phosphorus some soybean varieties were severely
damaged but others continued to increase in performance at
very high levels of phosphorus.
“Research on response of soybeans to phosphorus
indicated that high levels of nitrogen prevented the damage
caused by high levels of phosphorus and that potassium and
calcium may have a similar effect. Thus, an effect attributed
to one nutrient is actually a function of two and perhaps
four nutrients. Although we still do not understand the
significance of the response, we are in a much better position
to deal with it now that we know that other nutrients besides
phosphorus are involved.
“Differences in response to phosphorus are fairly simply
inherited and we could develop varieties sensitive or tolerant
to phosphorus according to our wishes. However, before
we consider this characteristic in our breeding program, we
must find out which type of variety is best. Most of the best
varieties in the north central area are sensitive to high levels
of phosphorus while most of those in the southern area are
tolerant. This might be a simple accident of the parentage
involved in the varieties since one of the parents of most of
the varieties in the north central area is sensitive. However, it
might also mean something else.
“We depend on our research in plant physiology
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to identify which is the best from your point of view,
phosphorus tolerant or phosphorus sensitive varieties. Until
this information is at hand, we do not know which type of
variety we should try to develop or even whether we should
consider this important difference in varieties in our breeding
programs” (Continued). Address: Research Agronomist,
Crops Research Div., Agricultural Research Service, USDA,
Beltsville, Maryland.
1618. Wilber, Robert L. 1963. The leguminous plants of
North Carolina. North Carolina Agricultural Experiment
Station, Technical Bulletin No. 151. 294 p. Sept. See p. 26769. [50* ref]
• Summary: This study was begun by Dr. William B. Fox in
1949 and continued until his accidental death in Nov. 1952.
It was continued by Robert K. Godfrey. Contains a botanical
description and an illustration (line drawing) of Glycine
Max. Address: Asst. Prof. of Botany, North Carolina State,
Durham.
1619. Carpenter, Bruce H.; Hamner, Karl C. 1963. Effect
of light quality on rhythmic flowering response of Biloxi
soybean. Plant Physiology 38(6):698-703. Nov. [11 ref]
• Summary: In Biloxi soybean it appears that the endogenous
circadian rhythm passes through alternate photophil and
photophobe phases of sensitivity to red light, and that the red
light received during the photophobe phase of the rhythm is
inhibitory to flowering. Address: Dep. of Botany and Plant
Biochemistry, Univ. of California, Los Angeles.
1620. Simons, John N.; Swidler, R.; Benedict, H.M. 1963.
Kinetic studies of regreening of iron-deficient soybeans.
Plant Physiology 38(6):667-74. Nov. [2 ref]
• Summary: Chlorosis and reduced growth, both foliar
symptoms of iron deficiency in soybean, are easily overcome
by supplying soluble iron to the roots of such plants.
Chelated iron is a particularly effective means of correcting
iron chlorosis symptoms. Address: Agricultural Research
Center, Stanford Research Inst., South Pasadena, California.
1621. Territory of Papua and New Guinea, Department
of Agriculture, Stock and Fisheries, Annual Report (Port
Moresby). 1963. Division of Plant Industry. p. 31-94. Nov.
For the year 1960-61. See p. 62-63, 71, 73-75.
• Summary: In the section titled “Agricultural Experiment
Station, Epo” is a subsection titled “Soy bean” (Glycine
max) (p. 62-63) which notes that 13 varieties were planted
in an unreplicated trial in early January, at the beginning
of the wet season. All varieties were seriously damaged by
insects. A table shows the name, yield, and seed color of each
variety. The highest yielding varieties (in lb/acre in the pods)
were: Batavian Yellow (3,091), Mamloxi (3,020), Avoyelles
(2,224), C.N. 5 (1,852), Mamloxi 57/5 (1,770), and Glycine
317 (1,624).

The section titled “Plant Introduction and Quarantine
Station, Laloki” (near Port Moresby, Papua New Guinea)
states that 14 soybean varieties were introduced in 1960-61
(p. 71). The subsection titled “Soy bean” (Glycine max) (p.
73) states that attempts were made to introduce varieties
that might be adaptable to the Markham Valley and other
lowland areas. The introductions from the Philippines were
chosen mainly for non-sensitivity to photoperiod. Six bottles
of soybean Rhizobium inoculum were distributed to growers
throughout the Territory (p. 74). Rhizobium inoculations and
inoculation studies were conducted (p. 75).
1622. Bilenko, K.P. 1963. [Effect of the lighting conditions
on the migration of labelled assimilates in Glycine hispida
(Moench.) Maxim]. Ukrains’kii Botanichnii Zhurnal
(Unkranian Botanical Journal, Kiev) 20(6). [10 ref. Ukr; rus;
eng]*
1623. Mordasev, A.I. 1963. [The results of a 3-year study
of soyabean cropping in Tambov Province]. Izvestiia
Timiryazevskoi Sel’skokhozyaistvennoi Akademii (Bulletin of
the Timiryazev Agricultural Academy) No. 3(52). p. 35-48.
[33 ref. Rus; eng]*
Address: Izvestiya Timiryazevskoi Sel’skokhozyaistvennoi
Akademii [Izvestiia].
1624. Mordaseva, L.D. 1963. [Abortion of soyabean
seeds]. Vestnik Sel’skokhozyaistvennoi Nauki (Journal of
Agricultural Science, Moscow) 8(11). [Rus; eng; ger; fre]*
Address: Timirjazev Agricultural Academy, Moscow.
1625. Pascale, Antonio J.; Remussi, C.; Marzo, L. 1963.
[Response of different soyabean varieties to the bioclimatic
factors of Buenos Aires]. Revista de la Facultad de
Agronomia y Veterinaria (Univ. of Buenos Aires) 15(3):2954. [16 ref. Spa; eng]*
1626. Wang, J.L.; Zhong, Q.C. 1963. [Preliminary study of
soybean maturity groups genetic base]. Acta Agronomica
Sinica (Zuo Wu Xue Bao) 2:333-36. [Chi]*
1627. Cartter, Jackson L.; Hartwig, Edgar E. 1963. The
management of soybeans. In: A.G. Norman, ed. 1963. The
Soybean. New York: Academic Press. x + 239 p. See p. 161226. [209 ref]
• Summary: Contents: 1. Introduction: World production,
United States production trends, utilization (processing to
obtain oil and meal, hay and green manure). 2. Soil and
climatic adaptation: Areas of production in the United States,
soil requirements, climatic adaptation (effect of temperature
on plant growth, effect of temperature on composition of
seed, effect of light on plant growth, effect of photoperiod on
flowering and maturity, effect of soil moisture on growth).
3. Time of planting and varietal adaptation: Effect on plant

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 539
characters (maturity, plant height, lodging, seed quality,
size of seed, seed yield), effect on composition of the seed.
4. Planting methods and equipment: Seedbed preparation
(conventional, minimum tillage, deep tillage), row width
and planting rate (row width, planting rate), double cropping
(after fall-sown grain crops, after peas), special methods
of planting, types of equipment. 5. Rotation practices and
erosion control: Effect on soybean yields, effect on the
following crop, effect on weed population, soil residues
from herbicides, erosion control. 6. Weed control: Effect
of planting time on plant growth and weed competition,
methods of cultivation, chemical weed control (preemergence herbicides, post-emergence herbicides). 7. Seed
quality and seed treatment: Factors affecting seed quality
and germination, seed treatment. 8. Nutrient requirements:
Nitrogen requirements and nodulation (effectiveness of
nodulation as a source of nitrogen, methods of inoculation,
survival of bacteria in the soil, effect of seed treatment
on inoculation, effect of nitrogen applications), liming
and pH levels (pH and plant development, calcium and
magnesium requirements), phosphorus, potassium, trace
elements, fertilizer practices and recommendations. 9. Water
requirements and utilization: Water needs in relation to plant
growth and development, irrigation and soil management.
10. Growth-regulating chemicals. 11. Diseases: Foliar, root
and stem, seed. 12. Insects and spider mites: Leaf feeders,
above-ground stem feeders, pod feeders, root feeders. 13.
Nematodes: Root knot, cyst, others. 14. Harvesting: When
to harvest (moisture content of seed, chemical defoliation,
losses from respiration after maturity), harvesting methods
(historical, combine harvesting). 15. Seed storage. 16.
Discussion.
The USA now produces about 57% of the world’s
soybeans, followed by China (PRC; about 33%), Indonesia,
Japan, Korea, USSR, Brazil, and Canada, in that order. By
1920, U.S. production was 3,000,000 bushels and the leading
states were North Carolina, Virginia, Alabama, Missouri,
and Kentucky–North Carolina producing 55% of the total.
By 1931, the center of production had shifted to the North
Central States, where it is at present.
The subsection titled “Seed treatment” (p. 193) states:
“Seed treatment with a fungicide is not recommended as a
general practice when seed with high germination is planted.
Stands may be increased by seed treatment when seed
having a germination of 85 per cent is planted. Although
seed treatment seldom results in increased seed yields,... the
improved stands resulting from seed treatment aid in giving
soybeans a competitive advantage with weeds. Studies by
Howard W. Johnson et al. (1954) show that seed may be
treated at any time between harvest and planting with equal
effectiveness. The most satisfactory time for treating seed
would be as it is cleaned. The materials Arasan, Captan, and
Spergon have proved to be most satisfactory for treatment of
soybean seed. Before any lot of seed is treated, it may be a

good practice to check the germination with and without the
fungicide to determine the beneficial effect of seed treatment
on each seed lot.”
The section titled “Harvesting methods: Historical” (p.
219) states: “The earliest harvester designed specifically
for soybeans was a two-wheeled, horse-drawn machine
which straddled the bean row (Piper & Morse, 1923, p.
94). This special harvester was common in Virginia and
North Carolina, but was never commonly used in the North
Central States. Harvesting losses ranged from 20 per cent
under favorable conditions to as high as 60 per cent under
unfavorable (Sjogren, 1939). In small-grain growing areas,
the binder and thresher were adapted for soybean harvest.
Harvest losses for using the binder or mower for cutting
and then threshing ranged from 16 to 35 per cent of the total
yield, with an average loss of 24 per cent (Sjogren, 1939).
“The combine harvester was first used for soybeans in
the mid-twenties. The combine harvester has been a major
factor in the expansion of soybean production. This machine
required less labor than earlier methods and was more
efficient.”
Note: This book chapter is quite similar to an article
with the same title by the same authors published in
Advances in Agronomy 14:359-412 (1962). Address: 1.
Agronomist-in-charge, U.S. Regional Soybean Lab., Crops
Research Div., ARS USDA, Urbana, Illinois; 2. Research
Agronomist, U.S. Regional Soybean Lab., ARS USDA,
Stoneville, Mississippi.
1628. Genkel’, P.A. 1963. Fiziologiia soi i kartofelia na
Dal’nem Vostoke [Physiology of soybeans and potatoes
in the Far Eastern USSR]. Moscow, USSR: Izdatel’stvo
Akademii Nauk SSSR. 134 p. [130 ref. Rus]
Address: USSR.
1629. Hamner, Karl C. 1963. Endogenous rhythms
in controlled environments. In: L.T. Evans, ed. 1963.
Environmental Control of Plant Growth. New York:
Academic Press. xvii + 449 p. See p. 215-32. Proceedings of
a symposium held at Canberra, Australia, Aug. 1962. Illust.
24 cm. [52 ref]
• Summary: “The biological clock: It has long been known
that organisms possess some kind of a clock whereby they
are able to measure the passage of time with remarkable
accuracy” (p. 217). An endogenous rhythm seems to be
closely related to a biological clock.
Evidence is accumulating to indicate that an endogenous
circadian rhythm is participating in the photoperiodic
response of Biloxi soybean (p. 221, 222, 225). Address: Dep.
of Botany, Univ. California, Los Angeles.
1630. Howell, Robert W. 1963. Protein in the developing
soybean cotyledon. In: A.M. Altschul, K.F. Talluto, and B.A.
Sharer, eds. 1963. Proceedings. Seed Protein Conference.
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New Orleans, LA: USDA Agricultural Research Service. iv
+ 292 p. See p. 193-95. [4 ref]
• Summary: “Abstract: Protein and other nitrogen fractions
of developing seeds are in a dynamic state, reflecting
changes which are related to the age of the seed and
presumably to environmental factors. In very young soybean
seeds, only about half of the nitrogen is in protein, but the
protein increases steadily and usually includes about 95%
of the total nitrogen at maturity. The proportion of nucleic
acids is relatively constant on a weight basis, but the soluble
nucleotides show a decrease during seed development
comparable to that of total non-protein nitrogen.
“In the soybean seed and other protein-storing systems,
protein probably serves a dual function. Some is in
enzymes and other metabolic components; the remainder,
we postulate, is metabolically inactive storage protein.
The storage protein provides an energy reserve and carbon
skeletons in a role comparable to those of starch and fat, but
is not metabolically active as are the proteins in leaves, roots,
etc.
“Large structures, identified histochemically as protein,
appear in electron micrographs of developing cotyledons
about 35 days before maturity and increase in number
until they nearly fill the cells at maturity. These structures
are considered to contain mostly storage protein, but the
presence of some metabolic protein is indicated by small
inclusions interpreted as lipoidal material. Other particulate
matter identifiable in the micrographs also show the dual
nature of protein in developing seeds.
“Metabolic measurements on immature seeds reflect
the changing status and distribution of nitrogen and protein
during development. Oxygen uptake per seed parallels seed
weight until the start of ripening. But when expressed on a
weight or protein basis, it falls from an early rate of several
thousand microliters of oxygen per gram dry weight to a
few hundred at the start of ripening and to virtually zero at
maturity. The decline during ripening is correlated with loss
of moisture, but particulate protein decreases percentagewise throughout development and on a per-seed basis
during ripening. Oxidation by isolated mitochondria show
trends similar to oxidation of whole seeds or cotyledons and
account for a third to a half of intact cotyledon respiration.
“The cytoplasmic protein in the centrifuge fractions
referred to as ‘mitochondria’ and ‘microsomes,’ i.e., those
precipitating at about 15,000 g and 50,000 g, respectively,
is interpreted as metabolic protein. Most of that in solution
at 50,000 g is considered storage protein. The protein in
mitochondria and microsome fractions generally parallels
seed weight until ripening begins, then declines rapidly
while soluble (storage) protein increases during the ripening
process.”
This presentation is followed by a discussion.
Note: This is the earliest English-language document
seen (Dec. 2020) that uses the word “micrographs” or

“electron micrographs” in connection with changes in
soy protein. Address: U.S. Regional Soybean Lab., Crops
Research Div., Urbana, Illinois.
1631. Howell, R.W. 1963. Physiology of the soybean. In:
A.G. Norman, ed. 1963. The Soybean. New York: Academic
Press. x + 239 p. See p. 75-124. Publication No. 383 of the
U.S. Regional Soybean Laboratory, Urbana, Illinois. [379
ref]
• Summary: Contents: Introduction. Germination:
Environmental factors, metabolism of germination. Root
growth and nodulation: Environmental factors, nodulation
and nitrogen fixation. Top vegetative growth: Environmental
factors, metabolism, plant composition. Flowering: Day
length, metabolism of flowering, other aspects of flowering,
varietal differences in flowering. Pod and seed development:
Environmental factors, composition of seed. Discussion.
Address: Plant Physiologist, Crops Research Div.,
Agricultural Research Service, USDA, Regional Soybean
Lab., Urbana, Illinois.
1632. Miller, M.S. 1963. Zavisimost kseromorfnoj
strukturi rastenii ot azotnogo obmene [Dependence of the
xeromorphic structure of plants on nitrogen exchange].
In: Vodni Rezim Rastenii v Svjazi s Obmenom Vescestv i
Produktivnostju [the Water Regimen of Plants in Connection
with the Exchange of Matter and with Productivity]. ANSSR
(Academy of Sciences of the USSR). [Rus]*
Address: USSR.
1633. Petinov, Nikolai Stepanovich. 1963. Vzaimosvjaz
vodnogo rezima i nekotorih iziologiceskih processov rastenii
s ih produktivnostju v uslovijah razlicnogo vodosnabzenije
[The interdependence of the water regimen and several
physiological processes and their productivity with a
different water supply]. In: Vodni Rezim Rastenii v Svjazi s
Obmenom Vescestv i Produktivnostju [the Water Regimen of
Plants in Connection with the Exchange of Matter and with
Productivity]. ANSSR (Academy of Sciences of the USSR).
[Rus]*
Address: USSR.
1634. Skazkin, F.D. 1963. Nekotorie voprosi fiziologii
kriticeskogo perioda u jarovih hlebnih zlakov po otnoseniju
k nedostatocnomu vodosnabzenije i v svjazi s mineralnimi
pitaniem [Several questions on the physiology of the
critical period in spring (summer?) grains in relation to an
insufficient water supply and in connection with mineral
nutrition]. In: Vodni Rezim Rastenii v Svjazi s Obmenom
Vescestv i Produktivnostju [the Water Regimen of Plants
in Connection with the Exchange of Matter and with
Productivity]. ANSSR (Academy of Sciences of the USSR).
[Rus]*
Address: USSR.
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1635. Langer, R.H.M.; Bussell, W.T. 1964. The effect of
flower induction on the rate of leaf initiation. Annals of
Botany 28(109):163-67. Jan. New Series. [13 ref]
• Summary: Vegetative plants of four short-day and five
long-day species were exposed to inductive or non-inductive
daylengths continuously, or to inductive conditions just
long enough to induce flowering. Among the short-day
plants examined were the Biloxi soybean variety. The
first detectable indication of floral induction is usually an
elongation of the apical meristem. This is quickly followed
by precocious development of buds in the axils of the leaf
primordia.
It is concluded that floral induction and stimulation of
leaf initiation are likely to be universally associated whether
species are photoperiodically sensitive or not. Address:
Lincoln College, Canterbury, New Zealand.
1636. Williamson, R.E. 1964. The effect of root aeration on
plant growth. Proceedings–Soil Science Society of America
28(1):86-90. Feb. [13 ref]
• Summary: “Soil aeration is necessary for respiration and
for water and mineral absorption by plant roots. Aeration
is important for supplying oxygen to the roots as well as
for removing carbon dioxide and other toxic substances.
Drainage to remove excess water from land provides a wellaerated upper layer of soil for good root growth.
“The aeration requirements for most field crops probably
do not vary widely. However, it appears that different
species have a different limiting aeration requirement...
Also, the oxygen requirement varies with the stage of
plant development and generally increases with increase in
temperature.” Address: USDA; North Carolina Agric. Exp.
Station, Raleigh.
1637. Clauss, Heinz; Mortimer, D.C.; Gorham, P.R.
1964. Time-course study of translocation of products
of photosynthesis in soybean plants. Plant Physiology
39(2):269-73. March. [21 ref]
• Summary: “There is general agreement among plant
physiologists that sucrose is the principal sugar of
translocation in many species (9, 17, 19). Since a number
of investigators have demonstrated that compounds other
than sucrose may be translocated (7, 21), it is possible that
the compound translocated varies significantly with species
and also with environmental conditions. In soybean, Vernon
and Aronoff (19) demonstrated that the C14 fixed in the
first trifoliate leaf during 20 minute photosynthesis was
translocated down the stem as sucrose...” Address: Div. of
Applied Biology, National Research Council, Ottawa 2,
Canada.
1638. Howell, Robert W. 1964. Influence of nutrient
balance on response of sensitive soybean varieties to high

phosphorus. Agronomy Journal 56(2):233-34. March/April.
[3 ref]
• Summary: “Summary: The influence of various nutrient
elements on the response of tolerant and sensitive soybean
varieties to high phosphorus in the nutrient solution was
studied in the greenhouse. ‘Phosphorus toxicity’ response
of the sensitive varieties was virtually eliminated by the
addition of sufficient supplemental nitrate. Either sodium
or calcium nitrate was effective, but the latter required
additional potassium for maximum effectiveness...” Address:
Plant Physiologist, Crops Research Div., ARS, USDA.
1639. Abraham, T.A.; Herr, L.J. 1964. Activity of
actinomycetes from rhizosphere and nonrhizosphere soils of
corn and soybean in four physiological tests. Canadian J. of
Microbiology 10(2):281-85. April. [9 ref]
• Summary: “Some evidence indicating that developing
roots of corn and soybean affected the rhizosphere
actinomycete flora qualitatively as well as quantitatively was
obtained. Actinomycete numbers were significantly greater
in the rhizosphere of corn than in soybean rhizosphere of
plants 3 weeks old. One hundred actinomycete isolates
were randomly selected from each of the four environments
and their activity in four tests, hydrolysis of starch and of
carboxymethyl cellulose, gelatin liquefaction, and nitrate
reduction, was rated in either of two categories, high or low,
for each isolate... Furthermore, the percentage of soybean
rhizosphere isolates with high starch-hydrolyzing activity
was significantly greater than that of the corn rhizosphere
isolates.” Address: Dep. of Botany and Plant Pathology,
Ohio Agric. Exp. Station, Wooster, Ohio. Abraham’s
present address: Univ. Dep. of Botany, St. Joseph’s College,
Devagiri, Calicut-8, Kerala, India.
1640. Benedict, H.M.; Swidler, R.; Simons, J.N. 1964.
Chlorophyll content and growth of soybean plants: Possible
interaction of iron availability and day length. Science
144(3622):1134-35. May 29. [3 ref]
• Summary: “Data indicate a relationship between the
availability of iron and the response of ‘Hawkeye’ soybeans
to day length. The more readily available the iron, the less
influence an increase in day length on dry weight. When iron
was present but not chelated the plants remained green in a
16-hour day but became chlorotic in a 9-hour day.” Address:
Southern California Lab., Stanford Research Inst., South
Pasadena, California.
1641. Bernard, R.L.; Howell, R.W. 1964. Inheritance of
phosphorus sensitivity in soybeans. Crop Science 4(3):29899. May/June. [5 ref]
• Summary: At very high levels of phosphorus the soybean
variety Chief grew normally, whereas the variety Lincoln
soon became chlorotic and severely stunted. Subsequently,
many varieties were classified for their response to high
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levels of phosphorus. “Most were tolerant or slightly
sensitive.”
Publication No. 386 of the U.S. Regional Soybean Lab.,
Urbana, Illinois. Address: U.S. Regional Soybean Lab.,
Urbana, Illinois.
1642. Foote, Beverly D.; Hanson, J.B. 1964. Ion
uptake by soybean root tissue depleted of calcium by
ethylenediaminetetraacetic acid. Plant Physiology 39(3):45060. May. [26 ref]
• Summary: “Materials and Methods: Soybean seeds
(Glycine max (L.) Merr., var. Hawkeye) were germinated in
the dark at 29º in paper towel scrolls saturated with 10-4 M
CaCl. Sections of root tissue excised between 0.5 to 1.5 cm
from the tip of the primary roots of three-day-old seedlings
were used in all experiments except where noted. In the
ribonuclease and ultraviolet light experiments the 0.0 to 1.0
cm tips were used. Serial segments were used as indicated in
the tables.
“The root sections were cut into ice cold deionized
water, rinsed, and blotted.” Address: Dep. of Agronomy,
Univ. of Illinois, Urbana, Illinois.
1643. Holdsworth, M. 1964. The leaf movements of soybean,
a short-day plant. J. of Experimental Botany 15(44):391-98.
May. [10 ref]
• Summary: Buenning’s theory, first proposed in 1944,
was revised in 1954 (with soybeans) and 1961. In its final
form (1961), it explains photoperiodic responses as being
interactions of the day length with an endogenous rhythm,
and “was proposed as a general theory of photoperiodism;
but, in fact, is applied easily only to short day plants.”
These experiments were begun in Ghana and completed
in New Zealand. The soybean variety, Fort, was used in
Ghana; the variety Biloxi, obtained from the Beltsville
Experiment Station in Maryland (USA), was used in New
Zealand. “Biloxi soybean is a well-known short-day plant
and its leaflets show pronounced movement between day
and night. However, measurements of the angle between
the day and night positions of the leaves did not reveal any
difference in long and short days.” Address: Botany Dep.,
Univ. of Otago, New Zealand.
1644. Key, Joe L.; Shannon, Jack C. 1964. Enhancement
by auxin of ribonucleic acid synthesis in excised soybean
hypocotyl tissue. Plant Physiology 39(3):360-64. May. [30
ref]
• Summary: “Many changes in RNA metabolism occur
during normal (3, 4, 9, 16, 27, 28) and auxin-modified
growth (1, 2, 7, 8, 10, 11, 12, 13, 14. 25) of plant cells.
Skoog (18) suggested in 1954 that the action of auxin
in regulating growth is concerned with nucleic acid
metabolism. Yet, there is no evidence that the influence
of auxin on RNA metabolism is more primary than other

metabolic responses of auxin.
“The experiments reported in this and the following
paper (11) were done to gain additional information on the
regulation by auxin of growth and development of plant cells
as related to RNA metabolism.” Address: Dep. of Botany and
Plant Pathology, Purdue Univ., Lafayette, Indiana.
1645. Bostrack, Jack M.; Struckmeyer, B. Esther. 1964.
Effects of gibberellic acid on soybeans grown at different
levels of nitrogen, potassium, or phosphorus. Botanical
Gazette 125(2):142-45. June. [8 ref]
• Summary: “Nutrient experiments, in which various
concentrations of nitrogen, potassium, and phosphorus were
supplied, indicated that the pale-green color of plant tissue
induced by applications of gibberellic acid (GA) could not
be counteracted by increasing the available concentration
of any of these elements singly. Characteristic chlorosis of
the lower leaves was exhibited by those untreated and GAtreated plants receiving the low level of nitrogen. Typical
potassium deficiency symptoms developed only in the GAtreated plants. These symptoms were slower to appear and
less severe as the concentration of potassium applied to GAtreated plants increased. The amount of phosphorus in plant
tissue was slightly less in GA-treated plants as compared
to untreated ones receiving the same concentration of the
element. The uniform pale-green color of GA-treated plants
was not identical with characteristic deficiency symptoms
of any of the three elements varied in this investigation.”
Address: Dep. of Horticulture, Univ. of Wisconsin, Madison.
1646. Bostrack, Jack M.; Struckmeyer, B. Esther. 1964.
Effects of gibberellic acid on the anatomy of soybeans
(Glycine max). American J. of Botany 51(6):611-17. July. [24
ref]
• Summary: “A characteristic response of plants to
gibberellic acid is the elongation of internodes. Reports
concerning the effects of GA on the elongation and/or
division of cells are conflicting. Some investigators have
reported that cell elongation is primarily responsible for
the elongation of internodes...; others that cell division is
primarily responsible.”
“He lived 100 years.” Address: Wisconsin Agric. Exp.
Station, Madison, Wisconsin.
1647. Foote, Beverly D.; Howell, Robert W. 1964.
Phosphorus tolerance and sensitivity of soybeans as related
to uptake and translocation. Plant Physiology 39(4):610-13.
July. [4 ref]
• Summary: “The differing responses of ‘Lincoln’ and
‘Chief’ soybean varieties to high levels of phosphorus in
nutrient solution culture were described by Howell (3).
Chief, now called a tolerant variety. responded favorably
to phosphorus concentrations as high as 3.62 mm, whereas
Lincoln, a sensitive variety, was adversely affected by
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concentrations of 1.61 mm or higher. Total phosphorus in
mature Chief plants increased with increasing phosphorus
in the nutrient solution throughout the entire range studied.
while in Lincoln plants it increased only up to nutrient
solution concentrations of 0.72 mm and then decreased
greatly because of reduced growth caused by phosphorus
toxicity.” Address: Dep. of Agronomy, Univ. of Illinois,
Urbana; and USDA.
1648. Norman, A.G. 1964. The soybean. Soil Science
98(1):69. July. *
Address: Research Prof. of Soils, Iowa Agric. Exp. Station,
Ames, Iowa.
1649. Norman, A.G. 1964. The soybean. Soil Science
98(1):69. July. *
Address: Research Prof. of Soils, Iowa Agric. Exp. Station,
Ames, Iowa.
1650. Smith, Don; Buchholtz, K.P. 1964. Modification of
plant transpiration rate with chemicals. Plant Physiology
39(4):572-78. July. [23 ref]
• Summary: Eleven plant species were tested using a root
treatment of 1 and 20 mg/liter of atrazine. Address: Dep. of
Agronomy, Univ. Wisconsin, Madison, WI.
1651. Anderson, I.C. 1964. TIBA-treated plants produce
larger yields of soybeans. Soybean Digest. Aug. p. 29-30.
• Summary: “Studies have been made of the effect of various
growth regulatory chemicals on growth and reproduction by
soybeans. Soybeans begin to flower during the last part of
June or the first part of July, when planted the middle of May.
At the time the plants begin to flower they are rather small.
They are about a foot tall with two to three leaves per plant.
For the next month the soybean continues to flower and
attempts to set small pods. During the month of flowering,
the plant also has increased three-fold in vegetative size. At
the end of flowering, the plants are 3 feet tall with 11 to 12
leaves per plant.
“So, during the month of July the plant has done two
things. It has produced much leaf and stem growth, or
vegetative growth as we call it, and it has attempted to
set pods. The vegetative growth has been so strong that
approximately 80% of the flowers and small pods have
aborted. The part of the plant that determines the balance
between vegetative growth and reproductive growth is
the stem apex or stem tip. As long as the apex produces
sufficient amounts of a chemical, called auxin, young leaves
and stems will be produced. When day-length becomes
sufficiently short and a few pods have been set, the apex lose
its strength and reproductive growth or seed production takes
over.
“It is believed that the soybean, as it normally grows,
produces much more leaf tissue than it can use for seed

production. The hypothesis was to suppress vegetative
growth by treating the plants with triiodobenzoic acid which
will be referred to as TIBA. TIBA is an antiauxin, that is, it
suppresses the effect of the auxin produced by the stem apex.
“The TIBA treated plants were shorter, their leaves were
smaller and darker green. The row shape of treated plants
was triangular or like a pine tree whereas the untreated ones
were umbrella like. Treated plants did not lodge.
“Treated plants began producing pods early in August
and produced more pods and beans than did the control
plants.
“The data has been tabulated from 19 experiments
with TIBA applications during the last 3 years. In these
experiments various varieties of soybeans, fertility levels,
moisture levels and rates and times of application of TIBA
have been used. The average response was 3.8 bushels per
acre increase from the treated plants. This response came
when a solution containing 30 ppm of TIBA was applied at
the time the plants began to flower.
“TIBA may be of economic value in soybean culture
because the chemical is inexpensive and effective in small
amounts. However, it must be proven that TIBA is not toxic
and many more studies need to be conducted before its use
can be recommended.
“These studies were partially supported by a grant
obtained through the National Soybean Crop Improvement
Council.”
A small portrait photo shows I.C. Anderson. Address:
Assoc. Prof. of Agronomy and Botany, Iowa State Univ.
1652. Tregunna, E.B.; Krotkov, G.; Nelson, C.D. 1964.
Further evidence on the effects of light on respiration during
photosynthesis. Canadian J. of Botany 42(8):989-97. Aug.
[12 ref]
• Summary: “Both photosynthesis and respiration are usually
studied by measuring either the rate of carbon dioxide
fixation or oxygen evolution.” This experiment is about an
indirect way of measuring photosynthesis using an infrared
carbon-dioxide analyzer. Light accelerated carbon dioxide
in chlorophyll-rich soybean leaves relative to chlorophylldeficient leaves. Address: Dep. of Biology, Queen’s Univ.,
Kingston, Ontario.
1653. Kushijizaki, Mitsuo; Ishizuka, J.; Akamatsu, F. 1964.
[Physiological studies on the nutrition of soybean plants. 2.
Effect of nodule formation on nitrogenous constituents of
soybeans]. Nippon Dojo Hiryogaku Zasshi (J. of the Science
of Soil and Fertilizer, Japan) 35(9):323-27. Sept. 5. [8 ref.
Jap]
Address: Japan.
1654. Ahlgren, George E.; Sudia, Theodore W. 1964.
Absorption of P-32 by leaves of Glycine max of different
ages. Botanical Gazette 125(3):204-07. Sept. [7 ref]
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• Summary: Foliar absorption has been the subject of
extensive research. The absorption of phosphorus-32 by the
leaves (including the cotyledons) was greatest by immature
leaves, and absorption decreased with increasing leaf age
until a fairly steady state was attained. Address: Dep. of Plant
Pathology and Physiology, Univ. of Minnesota, St. Paul.
1655. Coulter, Murray W.; Hamner, Karl C. 1964.
Photoperiodic flowering response of Biloxi soybean in 72hour cycles. Plant Physiology 39(5):848-56. Sept. [28 ref]
• Summary: “Recently evidence has accumulated to indicate
that the photoperiodic control of floral induction is mediated
by an endogenous rhythm with periods of approximately
24 hours. It as long been known that the floral response of
Biloxi soybean varies with the length of the photoperiod...”
Address: 1. Space Science Center, Inst. of Geophysics and
Planetary Physics; 2. Dep. of Botany and Plant Biochemistry.
Both: Univ. California, Los Angeles.
1656. Soybean Digest. 1964. ASA’s honorary life
members–1964: Dr. Leonard F. Williams and Dr. Alvin John
Ohlrogge. Sept. p. 10.
• Summary: Geneticist Leonard Williams has had a part in
the development of most of the newer Cornbelt varieties of
soybeans. He was primarily responsible for the Lincoln, the
first soybean variety to be developed and released by the
U.S. Regional Soybean Laboratory. At one time, Lincoln
was grown on 75% of the soybean acreage in Illinois, and
on a very substantial acreage in surrounding states. Williams
was also responsible for making the crosses that led to
such varieties as Clark, Shelby, Ford, Kent, and Chippewa.
Williams received his B.S., his M.S. and his Ph.D. degrees
all at the University of Illinois. He was on the staff of the
Univ. of Illinois from 1931 to 1936, and has been a research
agronomist at the U.S. Regional Soybean Laboratory from
1936 onwards. Note: In late 1951 he was transferred to
Columbia, Missouri.
Dr. A.J. Ohlrogge is a recognized authority on soybean
fertility. He has helped to bring about a better understanding
of the physiological processes of the soybean as they relate
to mineral nutrition. He has been a member of the Purdue
University staff since 1937, and has been a professor of
agronomy since 1958. Photos show Williams and Ohlrogge.
1657. Myhre, D.L.; Menzel, R.G.; Roberts, H., Jr.; Frere,
M.H.; Amemiya, M.; Beale, O.W.; Timmons, D.R.; Wood,
E.H. 1964. Reduction of strontium-90 uptake by corn
and soybeans with deep placement, irrigation, and soil
amendments. Agronomy Journal 56(5):463-67. Sept/Oct. [19
ref]
• Summary: Field experiments were started in 1960 to
evaluate methods for reducing the uptake of strontium-90
radioactive fallout by crops. Significant reductions (the
maximum was about 50%) of strontium-90 in corn and

soybean grain were obtained by deep placement of the seed
in the soil, but not by irrigation. Address: 1-3. Soil Scientists,
Beltsville, Maryland; 4-7. Soic Scientists, Ames, Iowa.
1658. Ontario Soya-Bean Growers’ Marketing Board. 1964.
Research on soybeans: Presented to the Honourable Harry
Hays, Minister of Agriculture, Ottawa. Chatham, Ontario,
Canada. 7 p. Oct. 26. 28 cm.
• Summary: Ontario’s 10,000 soybean growers have
assessed themselves via a levy on their Marketing Board in
order to study ways to increase soybean yields and expand
production. “Soybean production in Ontario has had a
phenomenal growth. Production was spurred by the war
effort and shortage of fats and oils. Production has been
limited to the southern part of the Province of Ontario and to
a lesser extent the southern part of the Province of Manitoba,
and has reached about one-third of Canada’s requirements...
“It is a rarity today in agriculture to find a commodity
with so much domestic market potential. Vast deficiencies
of protein meals and vegetable oils exist in Canada–it
is imperative that every effort be made to fill the gap by
domestic production.”
Canada presently has to import $60 million worth of
soybeans, soy oil and soybean meal. Although exports of
soybeans and soybean products total $30 million, this deficit
of $30 million is a major factor in Canada’s trade balance
with the U.S.
A chart on page 4 shows exports, production, imports,
and crushings of whole soybeans only from 1965-1963.
Research is needed on weed control in soybeans, and the
development of growth regulators that enable the soybean
plant to produce less leaves and more pods.
The report closes with the following: “Request: This
submission is made to request the government to make more
funds available specifically for soybean research, and to
place more emphasis on the needs of the soybean industry.
Respectfully submitted, F. Hyatt–Chairman, R. Smith, Past
Chairman, L. Longhurst–Vice-Chairman K.A. Standing–
Secretary-Manager, The Ontario Soya-Bean Growers’
Marketing Board.” Address: Box 668, Chatham, Ontario,
Canada.
1659. Soybean News (NSCIC). 1964. Howell new leader:
A.R.S. soybean investigations. 16(1):3. Oct.
• Summary: “Robert W. Howell, Urbana, Illinois, has
been named leader of soybean investigations for the Crops
Research Division, Agricultural Research Service, U.S.D.A.
He succeeds Herbert W. Johnson who accepted the position
of head of the department of Agronomy and Plant Genetics
at the University of Minnesota. Dr. Johnson was leader of
soybean investigations since 1953.
“Dr. Howell, a native of Mississippi, received his B.S.
degree in Botany from Mississippi College and his M.S. and
Ph.D. degrees in Plant Physiology from the University of
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Wisconsin. He was employed as soybean plant physiologist
at the U.S. Regional Soybean Laboratory at Urbana,
Illinois, after graduation in 1952. He served as the only
U.S.D.A. soybean physiologist from 1952 until 1963 when
Dr. Ray Johnson was added to the staff. Dr. R.W. Rinne
was employed also at the Regional Laboratory in 1964.
Further expansion of soybean physiological investigations is
anticipated.
“Dr. Howell will remain at Urbana while expansion
of the physiology research centered there is continued. Dr.
Johnson was located at the U.S.D.A. station at Beltsville,
Maryland.
“There are 20 scientists located in 8 states engaged in
soybean production investigations in the U.S. Department
of Agriculture. This is an increase of 4 scientists since 1951
when the soybean crop was less than half the acreage and
value estimated for 1964.
“Soybean production research was stimulated by the
establishment of the U.S. Regional Soybean Laboratory
with headquarters at the University of Illinois in 1936. Early
U.S.D.A. research with soybeans, prior to 1900, was directed
toward improving the crop for forage. Emphasis now is on
improving seed yield and quality. The current ‘Investigations
Team’ include plant physiologists, plant breeders, geneticists,
pathologists and chemists.”
A portrait photo shows Dr. Robert Howell.
1660. Carpenter, Bruce H.; Hamner, Karl C. 1964. The effect
of dual perturbations on the rhythmic flowering response of
Biloxi soybean. Plant Physiology 39(6):884-89. Nov. [6 ref]
• Summary: “Evidence is accumulating to indicate that
an endogenous circadian rhythm is participating in the
photoperiodic response of Biloxi soybean.” Most biologists
now believe that circadian rhythms are expressions of a socalled biological clock. The photoperiodic response clearly
involves some kind of a clock sense since the response
depends on the ability of the organisms to measure the length
of the day. Address: Dep. of Botany and Plant Biochemistry,
Univ. California, Los Angeles.

1661. Tanner, J.W.; Anderson, I.C. 1964. External effect
of combined nitrogen on nodulation. Plant Physiology
39(6):1039-43. Nov. [27 ref]
• Summary: “The many theories advanced to explain the
effect of combined nitrogen in nodule inhibition were
reviewed by Allison and Ludwig (1) in 1934, and on the
basis of their work and that of Maze (11) and Weber (27)
they stated as follows: ‘... that decreased nodulation in the
presence of soluble nitrogenous salts is due to inadequate
carbohydrate supply in the roots... When nitrogen is
abundant, the carbohydrate synthesized is used for top
growth, and little is available for growth of roots or nodules.’
This theory has been generally accepted.” Address: Dep. of
Agronomy, Iowa State Univ., Ames, Iowa. Tanner’s present
address: Dep. of Crop Science, Ontario Agricultural College,
Guelph, [ONT] Canada.
1662. Muromzev, G.S.; Dubovaya, L.N. 1964. Ob
ispol’zovanii rastitel’nykh masel i zhirnykh kislot pri
biosenteze gibberellina fusarium moniliforme [On the
use of oil and fatty acids as carbon source in gibberellin
biosynthesis]. Mikrobiologiya 33(6):1048-55. Nov/Dec. [14
ref. Rus; eng]
• Summary: “1. Oils and fatty acids as a source of carbon are
quite suitable for the growth of Fusarium moniliforme and
biological synthesis of gibberellin.
“2. As the only carbon source, oils are far superior to
sucrose for submerged cultivation of Fusarium moniliforme
with the view of producing gibberellin.
“3. As effective fermentation media a two-component
medium may be recommended consisting of sunflower
oil and sunflower cake with an original pH=-3.5, and a
medium consisting of 10% sunflower oil, 0.3% ammonium
nitrate, 0.2% K2H2PO4, 0.02% potassium sulfate, 0.02%
magnesium sulfate x 7H20, 0.1% corn extract and a
microelement mixture with an original pH of 5.5.”
1663. Qoryunov, N.S.; Orgyzkova, N.I. 1964.
Fiziologicheskaya otsenka rezhima orosheniya soi [A
physiological appraisal of irrigation conditions for soya].
Fiziologiia Rastenii (Physiology of Plants) (Moscow)
11(6):1090-94. Nov/Dec. [4 ref. Rus; eng]
• Summary: The best time to irrigate soybeans was
determined from critical values of cell-sap concentrations
in leaves about half way up the plant. Physiological
characteristics were favorable and crop yields were high
when the rhizosphere was maintained at not less than 80% of
field capacity during growth.
Note: Dzhambul (formerly Aulie Ata) is a town and the
capital of Dzhambul Oblast, in the southeast Kazakh SSR
on the Turkistan-Siberian Railroad, 130 miles northeast of
Tashkent. Address: Kasakh [Kazakh] Scientific Research
Inst. of Irrigation, Dzhambul, Kazakh SSR.
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1664. Woolley, Joseph T. 1964. Water relations of soybean
leaf hairs. Agronomy Journal 56(6):569-71. Nov/Dec. [4 ref]
• Summary: Most soybean plants have somewhat hairy
leaves, but the effect of such pubescence on the water
economy of the plant is unknown. On the Hawkeye soybean
variety, the epidermal hairs are about 1 mm long and 1 mm
apart, contributing perhaps 10% to the total leaf surface. In
wind tunnel experiments, the soybean leaf hairs slowed the
wind 0.50 mm from the leaf surface by as much as 40%.
When the hairs were filled with their natural liquid, they
contributed slightly to reducing water loss via cuticular
transpiration from the leaf, but when the hairs were empty
they decreased transpiration by 20%. Address: Research
Plant Physiologist, USDA.
1665. Chirelei, N.; Curticapeanu, G.; Zaharia, I. 1964. [Study
on the influence of gibberellic acid in certain physiological
processes and on sugar-beet, soyabean and potato yields].
Institutul Agronomic “N. Balcescu,” Bucharest, Report of
Scientific Works 481 p. For the years 1963-64. Series A, Vol.
7. See p. 301-15. [14 ref. Rom; eng; rus]*
1666. Kato, I. 1964. [Histological and embryological studies
on fallen flowers, pods and abortive seeds in soybean,
Glycine max (L.)]. Tokai-Kinki National Agricultural
Experiment Station, Bulletin No. 11. p. 1-52. [86 ref. Jap;
eng]*
Address: Tokai-Kinki National Agric. Exp. Station, Tsu, Mie
prefecture, Japan.
1667. Kriedeman, P.E.; Neales, T.F.; Ashton, D.H. 1964.
Photosynthesis in relation to leaf orientation and light
interception. Australian J. of Biological Sciences 17(3):591600. [9 ref]*
• Summary: The photosynthesis of attached leaves of
soybeans and 3 other plants was measured in relation to
light intensity and, at moderate light intensities, to angle of
incidence of the light at the leaf surface. At a light intensity
of 20 x 104 erg/sec/cm2, the photosynthetic rate of sugarbeets was considerably higher than those of soybeans or
wheat, but on a chlorophyll basis, that of soybeans was the
highest of the 3. At half the light intensity given above, the
relative light intensity at the leaf surface and the relative net
photosynthesis were both proportional to the cosine of the
angle of incidence. Two reasons for the latter proportionality
are given. Address: Univ. of Melbourne.
1668. Report of the Ministry of Agriculture, Rhodesia and
Nyasaland. 1964. Botany, plant pathology, and seed services.
For the year 1963. p. 45-53. *
• Summary: Fungus diseases of soybeans (Colletotrichum)
were reported in Malawi.
1669. Sen, S.P. 1964. Tracer studies on the biochemical

aspects of flowering: translocation of photosynthates and
metabolic changes in the shoot apex. Indian J. of Plant
Physiology 7(1-2):1-15. [17 ref]*
• Summary: The possibility that substances formed in
the leaves are translocated to the growing points during
photoperiodic induction was investigated in 4 plants,
including the soybean variety Biloxi. One theory is that
the amino acids supplied by the leaves may be synthesized
in the apical buds into larger molecules, such as protein
or polypeptides. Address: Radiochem. Lab., Bose Inst.,
Calcutta.
1670. Shee, Bao-Wa. 1964. [Studies on photoperiodism of
soybeans. I. The effect of different length of photoperiod
on the vegetative and reproductive growth of soybeans. II.
A determination of differentiating period of floral buds of
soybeans]. J. of the Agricultural Association of China No.
47. p. 37-48. [6 ref. Chi; eng]*
Address: Taiwan Provincial Inst. of Agriculture.
1671. Thrower, S.L. 1964. Translocation of labelled
assimilates in the soybean. III. Translocation and other
factors affecting leaf growth. Australian J. of Biological
Sciences 17(2):412-26. [30 ref]*
Address: Univ. Melbourne.
1672. Voroshkhivlova, G.I. 1964. [The structure of the
growing point and development of soyabean leaves].
Botanicheskii Zhurnal (Leningrad, SSSR) 49(9):1329-35. [27
ref. Rus]*
1673. Sudia, Theodore W.; Ahlgren, G.E. 1964. The
absorption and distribution of Sr-85 by field-grown Glycine
max. Soil Science and Plant Nutrition 10(3):31-34. [12 ref]
• Summary: “Introduction: Contamination of crops and
cropland by fission products as a result of fallout from
nuclear explosions and waste from nuclear reactors is a
matter of concern. It has been shown (4, 5) that the fission
elements yttrium, cerium, zirconium, columbium, tellurium
and strontium are absorbed from the soil and translocated in
plants only to a limited extent. Of these elements. strontium
is absorbed and translocated to the greatest extent.”
Strontium accumulates primarily in the leaves of the
plant. Address: Dep. of Plant Pathology and Physiology,
Univ. Minnesota.
1674. Van Hoeck, F.; Myttenaere, C.; Ringoet, A. 1964.
Méthodologie et interprétation des essais sur l’alimentation
minérale des plantes annuelles [Methodology and
interpretation of trials on the mineral nutrition of annual
plants]. Publications de l’Institut National pour l’Etude
Agronomique de Congo Belge [INEAC] Serie Scientifique
No. 104. 134 p. [7 ref. Fre; eng]
• Summary: Conclusions: “Soybeans are more mineralized
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than maize and rice plants. The degree of mineralization
remains similar in plants receiving very different mineral
nutrition. The utility coefficient or quantity of dry matter
absorbed per milliéquivalent confirms this conclusion.”
Details on soya mineralization are given in tables on
pages 126-134. Address: 1. Ingénieur agronome (Rég.
tropicales), Gx [Gemblous, Belgium].
1675. Perur, N.G.; Smith, R.L.; Wiebe, Herman H. 1965.
Behaviour of catalase in corn (Zea mays) and soya bean leaf
tissues (Letter to the editor). Current Science (Bangalore,
India) 34(2):46-48. Jan. [3 ref]
• Summary: “The above observations led to the conclusion
that the catalase in soybean leaf followed the first-order
reaction more rigidly than the one in corn, this indicating
difference in the behaviour of catalase in monocotyledon and
dicotyledon leaf tissues.” Address: Agronomy Dep., Utah
State Univ., Logan, Utah.
1676. Podojil, M.; Ricicova, Alena. 1965. Influence of the
soya meal fractions on gibberellic acid and gibberellin A
production in submerse cultivation of Gibberella fujikuroi.
Folia Microbiologica (Prague) 10(1):55-59. Jan. [19 ref.
Eng; rus]
• Summary: On substituting soya flour for corn steep, the
same amount of gibberellic acid was produced, and in
addition gibberellin A was formed; the ratio of gibberellic
acid to gibberellin A was 1 to 1.
Note: Corn steep, also called “corn steep liquor,” is a
by-product of corn wet-milling. Address: Dep. of Biogenesis
of Natural Substances, Inst. of Microbiology, Czechoslovak
Academy of Sciences, Prague 4, Czechoslovakia.
1677. Soybean Digest. 1965. Iowa is fifth state soybean
association. Jan. p. 14.
• Summary: “Organization of the Iowa Soybean Association
was completed and a board of directors and officers elected
during an all-day meeting at Ames, Dec. 16.
“The group, which is affiliated with the American
Soybean Association, is the fifth such state organization. All
members of the Iowa Soybean Association are automatically
members of the American Soybean Association. Other state
associations are Minnesota, Mississippi, Arkansas, and
Illinois.
“C. Joseph Coleman, of Clare, Iowa, a Webster County
farmer and a member of the State Senate, was elected
president of the new organization.
“Dennis Lundsgaard, Cherokee, farmer, was elected vice
president; Howard E. Grow, Hudson, secretary; and Frank
Hoxie, Shenandoah farmer, treasurer. Other members of the
board of directors are: Robert A. Sar, Charles City; Oliver
M. Greenley, Independence; Ardell Persinger, Whiting;
H.C. Waldorf, Vinton; John Baxter, Moulton; and William
Merschman, West Point. Each director represents a different

state crop reporting district.
“The Iowa association was organized to give the state’s
soybean growers a voice in state legislation and research,
and to work for orderly growth of the soybean industry.
The state association will work with the American Soybean
Association and other state associations for the development
of larger markets both in the United states and overseas, and
to keep soybean production in line with consumption.
“Members of the organizing committee for the state
association were Howard L. Roach, Plainfield; Seeley
Lodwick, Wever; and Geo. M. Strayer, Hudson.
“The organization meeting was held during an
educational program at Iowa State University covering major
interests of soybean producers. The meeting was organized
by Dr. C.R. Weber, ISU soybean breeding specialist and
other ISU staff members. Speeches included:
“’Weed Control in Soybeans–Where Are We–Where Do
We Go?’ Dr. D.W. Staniforth, ISU weed specialist, and Dr.
Weber.
“’Microflora–the ‘Middleman Between Plant and Soil,’
Dr. Weber.
“’Soybean Diseases and Varieties,’ Dr. J.M. Dunleavy,
ISU plant pathologist.
“’Anticipated Expansion in the Soybean Program
at Iowa State University,’ Dr. G.M. Browning, associate
director, Iowa State University Agricultural Experiment
Station.
“’Utilization of Sunlight and Soy Populations,’ Dr. R.M.
Shibles, ISU plant pathologist.
“’Nutrients and Tissue Tests,’ Dr. J.J. Hanway, ISU
professor of soil fertility.
“’Time, Rate, and Methods of Planting, TIBA, and
Machinery for Soybeans,’ Dr. H.E. Thompson, ISU extension
agronomist.
A photo shows some directors and officers of the Iowa
Soybean Association, left to right: Ardell Persinger (of
Whiting), Dennis Lundsgaard (Cherokee, vice president), C.
Joseph Coleman (Clare, president), Robert A. Sar (Charles
City), and H.C. Waldorf (Vinton).
1678. Starnes, W.J.; Hadley, H.H. 1965. Chlorophyll content
of various strains of soybeans, Glycine max (L.) Merrill.
Crop Science 5(1):9-11. Jan/Feb. [2 ref]
• Summary: “Four commercial varieties and 6
‘chlorophyll deficient’ strains of soybeans were analyzed
spectrophotometrically for chlorophyll a and b. Chlorophyll
contents were computed on a fresh weight, dry weight, and
leaf area basis for comparison. As was expected, chlorophyll
content, expressed in terms of leaf area, tended to parallel
visual classification more closely than when expressed in
terms of fresh weight or dry weight. However, this study
serves to point up the fact that visual differences in greenness
do not necessarily mean that real differences in chlorophyll
content exist.” Address: 1. Graduate Asst.; 2. Prof. of Plant
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Genetics. Both: Dep. of Agronomy, Univ. of Illinois, Urbana.
1679. Eden, W.G.; Arthur, B.W. 1965. Translocation of DDT
and heptachlor in soybeans. J. of Economic Entomology
58(1):161-62. Feb. [6 ref]
• Summary: “Heavy rates of DDT and heptachlor are used
for the control of certain soil insects. The translocation
of these insecticides to the seeds of crops could create an
important problem in connection with residue tolerances.
“It has been shown by Carter (1948) and others that
DDT is not absorbed and translocated by vegetable crops
when applied to the plants...” Address: Auburn Univ. Agric.
Exp. Station, Auburn, Alabama.
1680. Soybean Digest. 1965. Soybean research committee
coordinates Ontario work. April. p. 23-24.
• Summary: At the annual meeting of the Ontario SoyaBean Marketing Board in Chatham, to Dr. J.W. Tanner (Asst.
Prof., Dep. of Crop Science, Ontario Agricultural College,
Guelph) said that the newly established soybean research
committee “will attempt to coordinate the provincial research
at Guelph and Ridgetown and the federal research at Harrow
and Ottawa... The big gap in Ontario research must be in
physiology at the production level, and this is the area that
we in Guelph must concentrate in. Not only will physiology
change existing production techniques, it will also change
breeding objectives. Every soybean variety and corn hybrid
is obsolete. They have been selected on the basis of their
ability to yield in a 40-inch row. The 40-inch row evolved
because the horse’s stomach was 40 inches [wide]...”
Chemical weed control has made it possible to grow
soybeans in 7- or 14-inch drills or broadcast stands. So now
we must redesign our plants, seeking types that perform best
in narrow rows. The two basic approaches must be based
on plant breeding, and evaluation and use of plant growth
regulators. A photo shows Dr. Tanner.
1681. Ackerberg, E.; Norman, A.G. 1965. The soybean. J. of
Applied Ecology 2(1):241. May. *
Address: 2. Research Prof. of Soils, Iowa Agric. Exp.
Station, Ames, Iowa.
1682. Grable, Albert R.; Danielson, Robert E. 1965.
Influence of CO2 [carbon dioxide] on growth of corn and
soybean seedlings. Proceedings–Soil Science Society of
America 29(3):233-38. May/June. [14 ref]
• Summary: “Measurements and observations of various
aspects of plant growth showed that both plant species
were tolerant of high CO2 concentrations. Plants grew
satisfactorily for several days when tops, roots, or both
received 20% or more of CO2; lesser CO2 concentrations
often stimulated top and root growth as compared with air
treatment.” Address: Colorado Agric. Exp. Station, Fort
Collins.

1683. Greer, H.A.L.; Anderson, I.C. 1965. Response of
soybeans to triiodobenzoic acid under field conditions. Crop
Science 5(3):229-32. May/June. [9 ref]
• Summary: The authors report a favorable response of
soybeans to TIBA (2,3,5 triiodobenzoic acid) under field
conditions. Note: Following this report, much research
activity and recent commercial sales of this growth regulator
have occurred in the indeterminate (Northern) soybeangrowing regions. For details see Van Riper (1965). “The
soybean plant and mechanization.” Address: 1. Former
Research Associate, now Instructor, Appalachian State
Teachers College, Boone, North Carolina; 2. Associate Prof.
of Agronomy and Botany, Iowa State Univ.; Iowa Agric.
Exp. Station, Ames.
1684. Perur, N.G.; Smith, R.L.; Wiebe, Herman H. 1965.
Peroxidase activity and iron deficiency in soybean leaf tissue
(Letter to the editor). Current Science (Bangalore, India)
34(11):347-48. June. [3 ref]
• Summary: “When plants are starving for any of the
essential nutrients, characteristic symptoms usually appear
as certain abnormalities, discoloration and deformation of
leaves, fruits and other parts. The deficiency symptoms
though quite apparent in advanced stages of plant growth, are
not easily recognizable in several cases at the beginning. The
characteristic symptoms of iron deficiency in plant nutrition
is chlorosis.” Address: Agronomy Dep., Utah State Univ.,
Logan, Utah.
1685. Fratianne, Douglas G. 1965. The interrelationship
between the flowering of dodder and the flowering of some
long and short day plants. American J. of Botany 52(No. 6,
Part I of Two Parts):556-62. July. [27 ref]
• Summary: “Experiments were conducted to determine
the interrelationship between the flowering of Cuscuta
campestris Yuncker, a species of the parasitic angiosperm
dodder, and the flowering of the short-day plants Xanthium
pennsylvanicum and Glycine max var. Biloxi and the longday plants Matricaria parthenoides and Hyoscyamus niger.
It was found that dodder flowered only on the host plants
which were themselves flowering.” This suggests that
flowering in soybeans is induced by the suppression under
short days of a flowering inhibitor produced in the leaves
under non-inductive photoperiods. Address: Dep. of Botany
and Plant Pathology, Ohio State Univ., Columbus.
1686. Oliver, S. 1965. Efecto de la intensidad de
transpiracion y del tiempo de cosecha sobre intercepcion
radicular, flujo masivo y absorcion de calcio y magnesio
por plantas de soja [The effect of transpiration rate and
time of cutting on root interception, mass-flow, and uptake
of calcium and magnesium by soybean plants]. Anales de
Edafologia y Agrobiologia 24(7-8):433-43. July/Aug. [17
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ref. Spa; eng]
• Summary: This paper is part of a thesis presented at Purdue
Univ. (Lafayette, Indiana) for an MSc degree in agronomy.
Address: Laboratorio de Fisiologia Vegetal, Inst. Edafología
y Biología Vegetal, C.S.I.C. Serrano 113, Madrid-6 [Spain].
1687. Tsybul’ko, V.S. 1965. Dinamika soderzhaniya
produktov assimilyatsii i fotoperiodism rastenii [Variation of
the amount of assimilation products and photoperiodism of
plants]. Fiziologiia Rastenii (Physiology of Plants) (Moscow)
12(4):622-30. July/Aug. [29 ref. Rus; eng]
• Summary: “Data in the literature regarding the different
effect of darkening at various time in the day on the
development rate of long and short day plants are confirmed.
One of the main causes of this phenomenon is explained on
basis of data on diurnal variation of assimilation products
obtained in a previous and in the present investigation.
Smaller amounts of assimilation products accumulate and
hence flow to the growing points in long day plants darkened
in the morning, evening or midday or in short day plants
darkened at midday. This slows down the formation of new
organs including generative, ones and is expressed in late
flowering of the plants.
“Larger amounts of assimilates accumulate in short
day plants darkened in the morning and evening and hence
more products flow to the growing points, accelerating the
formation of new organs, including flowers. The amount of
mobile water-soluble carbohydrates is higher in leaves of
long day plants grown under natural conditions than in leaves
of short day plants. This determines the difference between
them with respect to flow of assimilate products. After
termination of darkening, a higher rate of accumulation and
flow of assimilation products is retained over a long period
of time. This photoperiodic property apparently removes
the retarded development of long day plants subjected to
morning-evening or midday darkening and of short day
plants subjected to midday darkening and due directly to
the action of the darkening procedure. In short day plants
subjected to morning-evening darkening photoperiodic
effect supplements the direct action of darkening which
is favorable for development of the plant.” Address:
Dokuchayev Agricultural Inst., Kharkov [Ukranian S.R.R.].
1688. Coulter, Murray W.; Hamner, Karl C. 1965.
Quantitative assay of photoperiodic floral inhibition and
stimulation in Biloxi soybean. Plant Physiology 40(5):87381. Sept. [5 ref]
• Summary: “Evidence has accumulated to suggest the
involvement of an endogenous rhythm in the photoperiodic
flowering response of long and short day plants.” Address:
1. Space Science Center, Inst. of Geophysics and Planetary
Physics; 2. Dep. of Botany and Plant Biochemistry. Both:
Univ. California, Los Angeles.

1689. Howell, R.W. 1965. Current soybean production
research. Soybean Digest. Sept. p. 25-26.
• Summary: “The cooperative soybean research program of
the U.S. Department of Agriculture and the state experiment
stations has been discussed at your last two meetings by Dr.
Herbert Johnson and Dr. Marion Parker. You are aware from
their talks that resources (funds) for soybean production
research have been increased in recent years. Dr. Ennis has
discussed the increased emphasis on weed and nematode
control in soybeans.
“Additional resources that became available for soybean
research in the fiscal year 1965 enabled us to expand our
work on breeding, diseases, and physiology to improve
yields, crop quality, and efficiency of production. About half
of these new resources were devoted to expansion of work
in our own fields and laboratories, and about half for work
under contract with other research agencies. In strengthening
our own so-called ‘in-house’ program of research we are
providing our first laboratory and greenhouse facilities for
work on nodulation and on physiology of the soybean plant
at Beltsville.
“Dr. B. E. Caldwell is succeeding Dr. Herbert Johnson
in our research on nodulation. One of the serious limitations
on practical exploitation of the nodulation work has been
difficulty of establishing a new strain of rhizobia in a field
with an existing population. Inoculation techniques are
being studied and there is some reason for encouragement,
although there are many complexities related to soil types,
to interactions of soybean and bacterial genotypes, and to
methods of applying the inoculum.
“Last fiscal year we negotiated cooperative agreements
with three universities for soybean research with the
following objectives:
“1–The University of Missouri will develop cyst
nematode-resistant varieties for the Midwest. These varieties
should become available faster than the nematode spreads
into new areas, if the rate of spread is not greatly increased.
“2–North Carolina State will conduct research on
photosynthesis, and a comparison of varieties for differences
in efficiency of photosynthesis. Many separate pieces of
evidence point to variables in photosynthesis as significant in
crop production, and we expect to place substantial emphasis
on basic studies in this area in the future.
“3–Purdue University will conduct research on nucleic
acids in soybeans, with particular attention to comparisons
in high protein and normal types. Nucleic acids are the
biochemical carriers of inheritance and they are key
participants in protein synthesis. This work may have general
implications contributing to all phases of our work.
“In addition to resources for these activities we received
funds for a study of mycotoxins in soybeans. Agreements
have been made with Iowa State University and Virginia
Polytechnic Institute for identification of molds and assay of
the toxin hazard. We are collecting samples of many soybean
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varieties each week during seed development and for several
weeks after maturity at locations in all soybean producing
areas for use in this study.
“Further Problems: Geo. M. Strayer has asked me to
comment on problems requiring further effort, and on our
plans for attacking these problems.
“Soybean production problems come down to increased
yields. This is our No. 1 objective. But we are continually
diluting this effort because of the necessity of attacking
related problems. For example, emphasis in recent years on
getting good Phytophthora-resistant varieties has delayed
the introduction of Phytophthora-susceptible varieties.
Development of a cyst-nematode-resistant variety required
many man-years.
“Our rate of progress is largely a question of manpower.
Our scientists almost always have been short of adequate
help. We are now able to increase support of our scientists
with more subprofessional help and, at some locations,
additional facilities. We have not yet achieved the emphasis
on plant physiology that is needed. We plan to employ a
physiologist to work specifically on photosynthesis. This
will be related to the work in North Carolina but will not
duplicate it. We plan to establish at least two and possibly
three other scientific positions. Final arrangements have
not been made as to the exact programs or location of these
positions. However, there is need for a plant breeder for the
Delta area (this is more urgent since Dr. Matson resigned
from the Portageville, Missouri, station), a pathologist, and/
or a breeder to be concerned with improvement of seed
quality. Other professional positions are being considered.
“Our contract funds in 1966 and later years will be
used for specific projects by which useful information can
probably be obtained in 2 to 5 years. We will continue to
invite agronomy and plant pathology departments and other
research organizations to make proposals. We received more
good proposals than we could support last year.
“Many New Varieties: The recent increases in our
funds have enabled us to initiate work in several scientific
areas and to increase effort in others. The results will be
reflected in improved soybeans for the farmer in the future.
It is significant that 1965 has seen the largest number of
new varieties from the cooperative USDA-state experiment
station program that we have ever released in 7 years.
“Enumerating these chronologically in the order of
release, Traverse variety was released with Minnesota and
adjoining states last spring. This variety with a colorless
hilum has been developed especially for the export market
and represents a tangible result of the increased support of
soybean research in Minnesota for the last few years.
“Pickett has been released with North Carolina and
several other southern states as a variety resistant to the
soybean cyst nematode. We think this will take the heat
off so far as severe problems from the cyst nematode are
concerned in most areas.

“Amsoy variety has been released with Iowa and other
states, and is especially adaptable to north central Iowa and
areas of comparable latitude.
“Dare is another new southern variety, most of the
developmental work of which was done in North Carolina. It
adds significant disease resistance.
“Semmes was released by Mississippi and other states
and Davis by Arkansas. Each of these has Phytophthora
resistance.
“While the number of varieties released is not the only
criterion for research advances, it is an end product which
is most useful to you. Yet I must repeat what has been said
before, that our knowledge of the basic biology of soybean
production continues to be deficient. We constantly face
the threat of more serious disease problems; we fail to
understand why the soybean produces less than some other
crops, and why we cannot write a reliable prescription to
produce 50 or 60 or 70 bushels; and we have not found
the key to that will-of-the-wisp, hybrid soybeans. All of
these questions concern us, but of necessity, they can get
only limited attention from our present staff. They offer
stimulating and promising opportunities for research that will
provide better soybeans in the future.”
A portrait photo shows R.W. Howell. Address: USDA,
ARS, CR, Soybean Investigations, Beltsville, Maryland.
1690. James, A.L.; Anderson, I.C.; Greer, H.A.L. 1965.
Effects of naphthaleneacetic acid on field-grown soybeans.
Crop Science 5(5):472-74. Sept/Oct. [11 ref]
• Summary: Naphthaleneacetic acid is an auxin and a growth
substance. A photo shows the differences in lodging of
control plants (top) and those treated 4 times with 50 ppm of
NAA (bottom) in experiment 6. The bottom plants are much
more upright than the top plants. Address: Iowa Agric. Exp.
Station, Ames, Iowa.
1691. Owens, L.D.; Wright, D.A. 1965. Rhizobial-induced
chlorosis in soybeans: Isolation, production in nodules and
varietal specificity of the toxin. Plant Physiology 40(5):92730. Sept. [9 ref]
• Summary: Rhizobial-induced chlorosis in soybeans
is a rather unusual disease. Four soybean varieties were
grown with various combinations of 6 strains of Rhizobium
japonicum, the root nodule organism. Two of the varieties,
Hawkeye and Lee, have been classified as being highly
resistant to rhizobial-induced chlorosis. The other two,
Otootan and Improved Pelican are classified as being
resistant.
Summary: “Rhizobial-induced chlorosis was found to be
caused by a single, nonspecific, phytotoxin amino compound
produced in the nodules of certain soybean-rhizobial
associations. The phytotoxin was recovered in substantial
quantities from young chlorotic leaves, but not in older,
normal-appearing leaves of soybean plants.” Address: U.S.
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Soils Lab., Soil and Water Conservation Div., Agricultural
Research Service, USDA, Beltsville, Maryland.
1692. Owens, L.D.; Wright, D.A. 1965. Production of the
soybean-chlorosis toxin by Rhizobium japonicum in pure
culture. Plant Physiology 40(5):931-33. Sept. [4 ref]
• Summary: “Rhizobial-induced chlorosis in soybeans...
is caused by a phytotoxin produced in the nodules of the
affected plants (1, 4). The phytotoxin has been isolated from
nodules and partially characterized as a low molecularweight amino compound (3). In the previous paper we
reported finding an unidentified amino acid (unknown Y)
in soybean nodules, the metabolism of which appeared to
be somewhat related to that of the toxin.” Address: U.S.
Soils Lab., Soil and Water Conservation Div., Agricultural
Research Service, USDA, Beltsville, Maryland.
1693. Van Riper, G.E. 1965. The soybean plant and
mechanization. Soybean Digest. Sept. p. 56-58.
• Summary: “Efficient production of soybeans involves
the use of sound agronomic practices along with proper
equipment. Ample power and adequate equipment are
needed to prepare the seedbed, plant the seed, control weeds
and harvest the crop. However, not only the equipment needs
to be considered, but the requirements of the seed and the
plant itself, if efficient soybean production is going to be
obtained. The plant is the central figure in our production
scheme. All cultural and harvesting practices must cater to
her (the plant) if our production system is going to be really
successful. This article deals with some of the factors which
affect growth and influence mechanization practices.
“We can regulate the growth of the soybean plant within
its genetic capabilities by manipulating the environment.
By the environment, I am referring particularly to nutrients,
water and light. We can add fertilizer to the soil to help
promote plant growth. Carbon dioxide (CO2) appears to be
present in adequate amounts. The mixing action of the wind
over the crop canopy helps provide adequate CO2. If we
fail to provide a necessary nutrient in adequate amounts, we
may limit or entirely inhibit growth. In general, we can add a
reservoir of the required nutrients so that any one of them or
a combination of them need not become limiting factors of
growth.
“We can also provide a reservoir of water, by proper
irrigation, so that water is usually not a limiting factor.
“The ultimate limiting factor to maximum crop
production is light. A reservoir of light cannot be provided.
Light must be used the instant it is available to a particular
leaf on the plant.
“Radiant Energy Corn plants planted in the conventional
way convert about 2% of the incident radiant energy to plant
food. Soybeans do no better. So how can we maximize the
conversion of radiant energy to chemical energy in the form
of plant food via the plant?

“Farmers have traditionally grown corn and soybeans in
rows about 40 inches wide to accommodate the horse. But,
Dobbin is long gone. Now the switch is on to use narrower
rows. Narrower rows using the same plant population
means more uniform distribution of plants in the field. This
increases the amount of leaf surface exposed to sunlight, so
that more photosynthesis per acre occurs.
“Other things also happen. Plants shade the soil quicker
and reduce soil water evaporation. Late weed control is
easier due to shading between the rows. The root system is
more equally distributed and better utilization of nutrients
occurs. The best part of the whole situation is the 10% to
20% seed yield increase obtained in certain geographical
areas.
“This yield increase from narrow rows is not found
universally. Soybean producers in northern areas tend to get
more benefit than southern farmers. This is true for both corn
and soybeans. The increased length of the growing season in
the South allows farmers to use later maturing varieties than
the northern growers. The later maturing varieties are larger
and produce more vegetative growth resulting in a canopy
that covers the ground quickly. Narrow rows do not appear to
have an advantage in the South. Northern farmers must push
their rows closer together to completely shade the ground in
order to capture a maximum amount of energy during a short
growing season.
“The length of the photoperiod also affects the kind
of variety grown in the North or South and in turn the
productive capacity of the variety. In the North the days are
longer and the nights shorter than in the South (table 1).
Soybean varieties in the North are grown under long days
and a shorter growing season. While in the South, they are
grown under shorter days and a longer growing season. The
longer nights in the South plus higher temperatures result in
larger plants in the South. (Plants grown for longer periods
in the dark tend to elongate more than those exposed to
darkness for shorter periods of time.) In addition, the North
must use earlier maturing varieties because of the shorter
growing season. These varieties are smaller in stature and
can be packed closer together in and between rows than the
southern varieties. Southern varieties are larger in stature and
cover the interrow space quicker and capture more sunlight
per plant than their northern counterparts. Southern varieties
are generally short day plants (flower only under short days)
while many northern varieties are indeterminate (unaffected
by day length). Short day plants would not flower and set
fruit if grown in long day areas. Northern varieties taken
south are not as productive or vegetative as southern
varieties.
“Terminal Bud Dominance: The terminal bud in the
soybean plant is another factor which regulates the growth of
other lateral buds including floral buds. This domination of
the terminal bud over other buds is called apical dominance.
Auxin, a growth regulator, is produced in this bud which
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controls the growth or lack of growth in the other buds. High
auxin content in the plant reduces lateral bud activity. Plants
treated with antiauxins are stimulated in bud activity.
“Dr. I.C. Anderson and H.A. Greer (1) at Iowa State
University initiated a study to decrease the effect of apical
dominance and to stimulate floral bud development with an
antiauxin called triiodobenzoic acid (TIBA). They hoped to
increase pod set and possibly obtain a greater seed yield by
using the antiauxin. Unexpected results were obtained.
“Plants sprayed at the beginning of flowering with TIBA
were changed in form according to the Iowa work, figure
1. The leaves were smaller and darker green than untreated
leaves. The upper leaflets turned up more than control
plant leaflets. Plants treated with TIBA begin to develop
a ‘Christmas tree’ shape about 2 weeks after treatment.
This was due to the short length of the new petioles on the
younger upper leaves. The control plants looked more like a
Roman arch or a spirea bush. TIBA-treated plants had two
to three times more branches and were shorter in height than
untreated plants. More podding occurred at lower nodes and
the plants matured earlier than normal plants. TIBA-treated
plants also lodged less than the controls.
“Other experiments with TIBA at Iowa on beans grown
in 20-inch rows have shown that lodging did not occur,
there was less vegetative development, and seed yields were
increased 10% above the 10% to 15% obtained by using
narrow rows.
“Yield increases appear to be due to more efficient
use of available solar radiation, nutrients, and water. The
‘Christmas tree’ effect on the TIBA-treated plants allowed
more sunlight to penetrate to the lower leaves than occurred
on the untreated plants. Narrower rows may be effective
only in the central and northern portion of the soybean area.
The ‘Christmas tree’ effect may be of benefit in all areas.
Additional light can get to lower leaves and thus aid in
capturing more of the available radiant energy. If narrower
rows and the use of TIBA prove to be effective ways of
increasing soybean yields 20% to 25% in a large area of the
soybean belt, better weed control becomes a must. Others
in this meeting have discussed the weed control problem,
the advances being made, and the machinery available for
efficient weed-free soybean production.
“What are the implications of narrower rows (in
northern areas at least) and the possible use of TIBA on
future mechanization from the plant’s viewpoint?
“1–Seed will need to be placed in a more precise fashion
within the row to take full advantage of the ‘Christmas tree’
effect for maximum capture of radiant energy.
“2–Fertilization practices require improvement. Higher
yielding plants remove more soil nutrients. The physical,
chemical and biological conditions of the soil-fertilizer rootzone complex must be better defined. Proper fertilization
equipment cannot be built until we have answers to the
fertilization problem.

“3–Improved methods of weed control are a must.
Agronomists and farmers have known for years that yields
could be increased when beans were drilled in solid stands in
comparison to 40-inch rows. However, weeds could not be
controlled in solid stands. Narrow rows will help reduce the
need for late weed control as the crop canopy shades out the
weeds” (Continued). Address: Manager, Dep. of Agronomy,
Deere & Co.
1694. Van Riper, G.E. 1965. The soybean plant and
mechanization. Soybean Digest. Sept. p. 56-58.
• Summary: (Continued): “Adequate control of young weed
seedlings can be obtained by use of the rotary hoe when
conditions are right and fields are not too wet. Cultivation
in 20-inch rows or less will be next to impossible with
large tractors using 18-inch wide tractor tires. So either the
tractor tires must be narrower than 18 inches, or leave the
rows wider, or find another means of early weed control.
Neither of the first two alternatives seem logical. Probably
the ultimate method of weed control, according to Dr. Orvin
Burnside of Nebraska, will be to use a soil sterilant to kill
dormant seed. The soil sterilant would need to disappear
in a short time and the farmer would plant in a weed-free
seedbed. Time will tell as to the most practical course and the
type of equipment needed to accomplish the job.
“4–Less water will be utilized per bushel of beans
produced. The same amount of water is required, if available,
to produce 20 bushels per acre as to produce 40 bushels per
acre. Early shading reduces soil water evaporation and if
higher plant populations are used, no more water is used than
with lower populations as long as the soil is shaded. Thus,
irrigation will be more efficient as no additional water will be
required than for wider rows and conventional plants.
“5–Harvesting may be more difficult. TIBA appears to
cause the formation of more pods on lower portions of the
plant. Beans grown on the lower part of the plant are larger
and contain more oil and less protein than those on the upper
portion of the plant (table 2).
“Lower Pod Height: The larger number of pods on
the lower nodes of the plant make harvesting these beans
more difficult. However, if the rows are not hilled up
by cultivating, the land will be smoother and harvesting
machinery can operate closer to the soil. Height of the lowest
pods is determined by genetics and influenced by cultural
practices. It is possible to design a machine to harvest
beans at or below the groundline. However, such equipment
may not be very practical due to higher machine costs and
probable lower efficiency. The grower may be better off to
accept a lower yield on higher pods or simply to leave the
lowest pods unharvested.
“Another harvesting factor is bean trackage. Genetic
changes overcame early dehiscing problems with soybeans.
Perhaps genetics can aid in widening the differential between
the pod-opening force and the cracking or splitting resistance
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of the bean.
“Engineering work is needed to reduce the bean
damage occurring in the threshing and handling systems for
soybeans.
“A compromise between what can be done about pod
height by the agronomist and what the engineer can do about
harvesting these lower pods is needed to solve the problem.
“Machine design today is not just an engineering
problem. The plant must be tailored for mechanization and
the machine must take the plant’s needs into consideration.
The breeding of a specific variety of tomato plant for
processing use is a good example. The tomatoes were bred to
ripen all at one time and possessed strong skins that are able
to withstand mechanical handling.”
Tables: (1) Hours of possible sunshine at various
degrees of north latitude. (2) Yield, seed size and chemical
composition of Lincoln soybean seed from different
locations on the plant.
Two photos show: “Photographs (Aug. 8) of control
plants (above) and of those treated with TIBA (below).
Courtesy of Dr. I.C. Anderson, Iowa State University.”
Address: Manager, Dep. of Agronomy, Deere & Co.
1695. Kremnina, A.N.; Pronin, V.A. 1965. Kornevye
vydeleniya kukuruzy i ikh vliyanie na nekotorye storony
zhiznedeyatel’nosti pastenii soi [Root excretions from
maize and their effect on some of the vital functions of soy
plants]. Fiziologiia Rastenii (Physiology of Plants) (Moscow)
12(5):847-52. Sept/Oct. [11 ref. Rus; eng]
• Summary: “It is found that when maize and soy are grown
together the soy plants may grow on dry soil by using the
moisture of root excretions of the maize plants, some of the
roots of which are sufficiently supplied with water. The root
excretions from maize in this case lower the amount and
nitrogen-fixing activity of tubercle bacteria on soy roots and
promote the development of other groups of microorganisms.
It is also noted that the amount of root excretions and
intensity of microflora development in the root layer of
soil near the soy roots depends on the development phase
of maize. The root excretions of maize exert a pronounced
effect on the chemical composition of soy. Thus, the amount
of nitrogen decreases and the amount of water-soluble
carbohydrates increases in soy plants cultivated together with
maize plants.” Address: Vses. N.-I. Inst. Kormov, Lugovaya,
Mosk. Obl (All-Union Fodder Inst., Lugovaya, Moscow
Region).
1696. Samtsevich, S.A. 1965. Aktivnye vydeleniya kornei
rastenii i ikh znachenie [Active excretions from plant roots
and their significance]. Fiziologiia Rastenii (Physiology of
Plants) (Moscow) 12(5):837-46. Sept/Oct. [24 ref. Rus; eng]
• Summary: Transparent, gel-like substances are found on
the root tips of many plants. They protect the root tips and
are produced continuously by all rapidly growing branch

roots and spurs. “The significance of the gel-like rootprotecting substances for plants is great and manifold. It
facilitates penetration of the roots into the soil, enriches the
rhizosphere with organic and mineral substances, protects
the unsuberized growing root tips from mechanical injury
and from microorganisms, promotes better growth of the
root hairs and their contact with the soil and hence improves
consumption of nutrient elements from the soil.”
Webster’s Dictionary (1985) defines suberization, a word
first used in 1882, as “conversion of the cell walls into corky
tissue by infiltration with suberin.” Suberin (derived from the
Latin suber meaning “cork tree or cork”), a word first used in
1830, is “a complex fatty substance that is the basis of cork.”
Address: Inst. of Experimental Botany and Microbiology,
Academy of Sciences of Byelorussian S.S.R.
1697. Caviness, C.E. 1965. Effects of relative humidity on
pod dehiscence in soybeans. Crop Science 5(6):511-13. Nov/
Dec. [3 ref]
• Summary: “A wide range in rate of pod dehiscence was
observed in three genotypes of commercial soybeans and
one of wild soybeans under controlled levels of relative
humidity. All pods of the wild type (PI 163453) dehisced
within 36 hours at a relative humidity (RH) of 60% while
an RH of about 15% was necessary for rapid dehiscence
of pods of the Lee variety. Temperatures were maintained
about 85ºF. during the course of these studies. Rokusun
pods dehisced readily at 45% RH and Ogden required about
30% RH for pods to dehisce. A 15% decrease in relative
humidity generally decreased the moisture content of pods
(with seeds removed) less than 0.5%. Based on these studies,
a laboratory method was developed to evaluate dehiscence
reaction of soybean genotypes.” Address: Dep. of Agronomy,
Univ. of Arkansas, Fayetteville.
1698. Hortus Botanicus Universitatis Osloensis. 1965. List
of seeds and spores offered for exchange by the Botanical
Garden, University of Oslo, Norway. Oslo, Norway. 18 p. 28
cm. [Eng; Lat]
• Summary: Plants are listed by family. Under Leguminosae
(p. 8) is “334. Glycine hispida (Moench) Max.”
Page 18 states in English, German, and French: “* =
Seeds and spores collected in nature. Data on the localities
will be enclosed with the seed samples. @ = Bulbs, bulbils,
rhizomes, or plants. Please indicate your requests on the
attached desiderata sheet and return within 1st March 1966.”
Dated: “Oslo, December 1965. Henry Eidissen, Head
Gardener. Rolf Y. Berg, Director, Professor of Botany. Per
Sunding, Garden Curator. Arve E. Hanssen, Senior Gardener.
Steinar Sjøborg, Senior Gardener. Anne-Marie Sunding,
Research Assistant.”
The last page is filled with numbers from 1 to 776,
typed neatly in rows and columns. Each number has a
corresponding number written before the name of a seed or
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plant. To request a seed or plant, circle its number on the last
page. At the top left is written: “Requests for seeds should be
sent to: Botanical Garden of the University, Trondheimsvn.
23 B, Oslo 5, Norway.” At the top right is written: “Your
name and address.” Address: Botanical Garden of the
University, Trondheimsvn. 23 B, Oslo 5, Norway.
1699. Pillay, D.T.N. 1965. Responses of soybean seedlings
to N-dimethyaminosuccinamic acid, a growth retardant.
Canadian J. of Botany 43(11):1477-78. Nov. [3 ref]
• Summary: This acid (also called “B-nine”) is reported
to retard growth of the shoot of some ornamental and fruit
plants when applied as a foliar spray. This experiment
confirmed the reports and elaborated on them. Address: Dep.
of Biology, Univ. of Windsor, Windsor, Ontario.
1700. Shibles, R.M.; Weber, C.R. 1965. Leaf area, solar
radiation interception and dry matter production by
soybeans. Crop Science 5(6):575-77. Nov/Dec. [12 ref]
• Summary: “Percent solar radiation interception and rate
of DM [dry matter] production increased with increasing
leaf area development; reached a maximum; and remained
constant with further increase in LAI [leaf area index].
Rate of DM production was linearly related to percent
interception. Since rate of DM production did not decline at
LA1 greater than required for full solar radiation interception
(i.e., since soybeans did not describe an optimum LAI), it
was concluded that the lower, shaded leaves of the soybean
canopy are not ‘parasitic’ upon the productive portion of the
canopy, and do not, therefore, detract from the net production
of photosynthate by the soybean community.” Address:
USDA; Iowa Agric. Exp. Station, Ames.
1701. Eagleman, J.R.; Decker, W.L. 1965. The role of
soil moisture in evapotranspiration. Agronomy Journal
57(6):626-29. Nov/Dec. [10 ref]
• Summary: A test crop of soybeans was grown at various
soil moisture deficits. The graph of soil moisture deficit and
relative evapotranspiration was curvilinear with a correlation
coefficient of 0.72. Address: Missouri Agric. Exp. Station.
1702. Murphy, S.G.; Elkan, G.H. 1965. Nitrogen metabolism
of some strains of Rhizobium japonicum having different
nodulating capacities. Canadian J. of Microbiology
11(6):1039-41. Dec. [4 ref]
• Summary: This article begins: “Previous reports have
described studies on an isogenic mutant strain of soybean
that does not form nodules in the presence of strains of
Rhizobium japonicum capable of nodulating the parent
soybean strain under similar conditions (1, 2, 3). Clark
reported a number of strains of R. japonicum capable of
effectively nodulating both the parent and mutant soybean
plants.” Address: Dep. of Microbiology, North Carolina State
Univ., Raleigh.

1703. Carpenter, B.H. 1965. Red, far-red reversibility in a
72-hour cycle. Naturwissenschaften 52(18):521. [2 ref]*
Address: Dep. of Biology, California State College, Long
Beach.
1704. Chorney, W.; Scully, N.J.; Dutton, H.J. 1965.
Radiation effects of carbon-14 and tritium on growth of
soybean. Radiation Botany 5(3):257-63. [19 ref. Eng; fre;
ger]*
• Summary: Published under the same title in 1962 in
Northern Utilization Research and Development Division
(USDA), Publication, No. UAC-6360. 24 p. Address:
Agronne National Lab., Illinois.
1705. Pozsár, B.I. 1965. Effect of molybdenum on the
synthesis of nucleic acid in soybean leaves. Acta Agronomica
Academiae Scientarium Hungaricae 14(3-4):301-08. [29
ref]*
Address: Pl. Prot. Inst., Budapest.
1706. Thrower, S.L. 1965. Translocation of labelled
assimilates in the soybean. IV. Some effects of low
temperature on translocation. Australian J. of Biological
Sciences 18(3):449-61. [21 ref]*
Address: Univ. Melbourne.
1707. Wolf, F.T. 1965. Photosynthesis of certain soybean
mutants. Bulletin of the Torrey Botanical Club 92(2):99-101.
[7 ref]*
Address: Vanderbilt Univ., Nashville, Tennessee.
1708. Barnhart, John Hendley. comp. 1965. Biographical
notes upon botanists. 3 vols. Boston, Massachusetts: G.K.
Hall. 37 cm. Sponsored by the New York Botanical Garden.
*
• Summary: One of the best books for botanical biography.
The author, a bibliographer, lived 1903-1941, and worked at
the New York Botanical Garden.
1709. Li, Shih-chen. comp. 1965. Pen-ts’ao kang-mu
[Collected essentials of herbs and trees. Illustrated
compendium of pharmacopoeia with commentaries]. Hong
Kong: Commercial Press. [Chi]*
• Summary: This 1965 edition of the classical work
incorporates the following works on plants by earlier authors,
now largely unpreserved, which were cited extensively by
Schafer (1977) in his chapter: Chen, Ch’üan. Yao hsing pên
ts’ao.
Ch’en, Ts-ang-ch’i. Pên ts’ao shih i.
Hsiao, Ping. Ssu sheng pên ts’ao.
Li, Hsün. Hai yao pên ts’ao.
Meng, Shen. Shih liao pên ts’ao.
Su, Kung. T’ang pên ts’ao chu.
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Sun, Ssu-mo. Ch’ien chin shih chih.
1710. Ohwi, Jisaburo. 1965. Flora of Japan (in English): A
combined, much revised, and extended translation by the
author of his Flora of Japan (1953) and Flora of Japan,
Pteridophyta (1957). Edited by Frederick G. Meyer and
Egbert H. Walker. Washington, DC: Smithsonian Institution.
ix + 1067 p. See p. 570-71. Illust. Map. Index. 28 cm. [Eng]
• Summary: Gives a botanical description of Glycine soja
Sieb. & Zucc. (the wild soybean, called tsuru-mame or
no-mame in Japanese) and Glycine max (L.) Merr. (the
cultivated soybean, called daizu in Japanese). The author was
born in 1905. Address: Ohwi: National Science Museum,
Tokyo, Japan; Meyer: Research Botanist, U.S. National
Arboretum; Walker: Research Associate, Smithsonian
Institution.
1711. Miksche, J.P.; Greenwood, M. 1966. Quiescent
centre of the primary root of Glycine max. New Phytologist
(London) 65(1):1-4. Jan. Plus 2 unnumbered pages of plates.
[12 ref]
• Summary: “The quiescent centre of Glycine max was
observed to change in size at various times after sowing. It
increases in size during early development, then decreases
with a corresponding reduction of the cell population of the
root. Delimitation of quiescent centre boundaries is difficult
in view of dramatic changes in size of regions of non-DNA
synthesis within the primary root.” Address: Biology Dep.,
Brookhaven National Lab., Upton, New York.
1712. Soybean Digest. 1966. Work for soybeans spanned 40
years. Jan. p. 60.
• Summary: “Jackson L. Cartter retired as director of the
U.S. Regional Soybean Laboratory, Urbana, Illinois, on Dec.
30. His retirement ended a professional career in soybeans
spanning nearly 40 years.
“Mr. Cartter began his work on soybeans in 1928,
joining the late W.J. Morse, who was among the pioneers in
bringing the potential of soybeans to public attention. Mr.
Cartter worked first at Holgate, Ohio, where the first soybean
laboratory was established. He later worked at Arlington,
Virginia, before moving to Urbana in 1936 when the U.S.
Regional Soybean Industrial Products Laboratory was
established. He has been in charge of the soybean production
research since that time and has been director of the Urbana
laboratory since the utilization research was moved to the
Northern Regional Research Laboratory at Peoria, Illinois, in
1942.
“He is an author of many research papers and is one of
the most widely known authorities on soybean production
problems. His early research established the range of
adaptabilities that exist in the soybean variety collection and
contributed to the basis for the maturity group concept that
has been so valuable in the variety development program.

He also led in determination of oil and protein and while
at Holgate set up a chemistry laboratory and, conducted a
vigorous study of oil and protein in soybean varieties.
“To an unusual degree, Mr. Cartter is able to see the
‘big picture’ and to understand the interaction of different
scientific disciplines. Thus his leadership has continued its
effectiveness as the soybean research staff has grown to
add first chemists, then plant pathologists, physiologists,
geneticists and biochemists to the nucleus of agronomists
who began the regional research program in the thirties.
“His interests and talents are remarkable in their
extent. He is not the only person to design and do most of
the work in building his house but he has done it twice:
his beautiful home in Urbana and another on a lake near
Danville, the latter referred to quite inaccurately as a ‘cabin.’
Few can match his feat of rebuilding a baby grand piano–a
magnificent job, lacking only the name plate to be a duplicate
of a factory-new instrument. He had a remote control device
to eliminate TV commercials before these were stock items.
“Mr. Cartter is a very human person who is equally at
ease with the great and the humble. He is sympathetic to
the problems and aspirations of all of his associates and on
many occasion has led young men into useful and rewarding
careers.
“He was active in the Exchange Club for many years,
serving in various offices including president. He is a real
pillar in his church and for a long time has conducted a
weekly service at the Veterans Hospital in Danville.
“About the only thing you can fault Mr. Cartter on is
his distaste for in- activity. Although he is giving up his
responsibilities in soybean research, it is expected that he
will continue to lead a full life of service to mankind.”
A small portrait photo shows Cartter.
1713. Soybean News (NSCIC). 1966. J.L. Cartter retires:
First director of the U.S. Regional Soybean Laboratory. [Dr.
Richard L. Bernard appointed] Acting director. 17(2):1. Jan.
• Summary: “Mr. Jackson L. Cartter terminated more than
37 years of service for the U.S. Department of Agriculture
in soybean production research and administrative duties
on December 30, 1965. A native of Missouri, ‘J.L.’ as he is
known to his friends, received his B.S. degree in Agronomy
from Montana State College in 1925, his M.S. degree
in Agronomy from Iowa State College in 1927, and did
additional graduate study in agronomy and plant physiology
at the University of Wisconsin in 1927 and 1928. He
started as a soybean breeder for U.S.D.A. in Ohio in 1928,
transferred to Virginia in 1933, and moved to Illinois in 1936
to become director of agronomic research in what is now the
U.S. Regional Soybean Laboratory.
“Mr. Cartter’s outstanding service to the soybean
industry was recognized in 1956 through his election
to honorary life membership in the American Soybean
Association. He has served as a member of the Advisory
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Board to the National Soybean Crop Improvement Council
since its inception in 1948. In 1949 Mr. Cartter represented
the U.S.D.A. abroad in studying the possibility of expanding
the soybean crop and markets in several European countries.
“Mr. Cartter has made outstanding contributions to
agronomic science as related to soybean production and
breeding. He has contributed to the solution of soybean
production problems through his publications, the
cooperative research projects, the introduction of new
varieties, and the exchange of breeding materials. He is
author and co-author of many publications and has been
called ‘one of the outstanding workers and leaders in
breeding research on soybeans.’
“Dr. Richard L. Bernard, research geneticist, was
appointed Acting Director of the U.S. Regional Soybean
Laboratory to succeed Mr. J.L. Cartter who retired Dec. 30.
“Dr. Bernard received his B.S. and M.S. degrees from
Ohio State University. He earned his Ph.D. in plant breeding
at North Carolina State College and joined the staff of the
U.S. Regional Soybean Laboratory in 1954.”
Portrait photos show Jackson L. Cartter and Richard L.
Bernard.
1714. Abrahamsen, Mary; Sudia, T.W. 1966. Studies on
the soluble carbohydrates and carbohydrate precursors in
germinating soybean seed. American J. of Botany 53(2):10814. Feb. [26 ref]
• Summary: “In many seeds stored carbohydrates are
the principal substrates utilized during the early stages in
seed germination.” Address: Dep. of Plant Pathology &
Physiology, Univ. Minnesota, St. Paul.
1715. Bidwell, R.G.S.; Turner, Wendy B. 1966. Effect
of growth regulators on carbon dioxide assimilation in
leaves, and its correlation with the bud break response in
photosynthesis. Plant Physiology 41(2):267-70. Feb. [11 ref]
• Summary: Spraying the leaves of a variety of plants
(including soybeans) with indolacetic acid (IIA, a growth
regulator) increased the rate of carbon dioxide assimilation
from 30% to 100% during the period of 30-60 minutes
following the spraying.
“The breaking of dormancy of axial buds in the bean
plant was correlated with an increase in the rate of carbon
dioxide assimilation in adjacent leaves for a brief period of
time.” Address: Dep. of Botany, Univ. of Toronto, Toronto 5,
Canada.
1716. Zhailibaev, K.N.; Khasenov, E. Kh. 1966. O
formirovanii i produktivnosti raboty fotosinteticheskogo
apparata soi pri ralichnom rezhime orosheniya [On the
formation and productivity of the photosynthetic apparatus
of soya under various irrigation conditions]. Fiziologiia
Rastenii (Physiology of Plants) (Moscow) 13(1):165-68. Jan/
Feb. [17 ref. Rus]

Address: Kazakh Research Inst. of Agriculture, Politotdel.
1717. Burton, Joe C. 1966. A modern concept of soybean
inoculation. Soybean Digest. March. p. 13-14, 16, 18.
• Summary: At the top left of the title of this article: “Two
views of inoculation: See page 21 for second article” [by
Ham and Frederick].
Two-thirds of the first page of this article is a photo of
nine soybean nodules in 3 vertical rows. The nodules in the
left row are small whereas those in the right row are about
3 times as large in diameter. The caption: “Soybean root
nodules split open to show the typical pink color of effective
nodules. Left to right, ineffective, moderately effective, and
highly effective nodules.”
“There is good reason to believe that thorough
inoculation with the proper strains of rhizobia can increase
soybean yields substantially even in fields which have
grown this legume many times previously. This article is a
discussion of the factors involved and modern objectives in
soybean inoculation.
“’Carryover’ Rhizobia: Unlike their host, the nodule
bacteria can endure the frost and cold of winter. As the
nodules decay in the fall, numerous rhizobia are released
in the soil. With favorable conditions, they may survive
in substantial numbers for years. The question is: ‘How
effective are these left-over nodule bacteria for succeeding
crops?’
“The evidence on this point is fragmentary and
controversial. Certain workers have reported that free-living
rhizobia in the soil soon lose their effectiveness. Others
have obtained excellent nodulation and nitrogen fixation in
soils where soybeans have not been grown for as long as
12 to 15 years (Hartwig). This question cannot be answered
unequivocally because there are many factors involved and
undoubtedly results are variable.
“Certainly the wide culture of soybeans over the years
has resulted in a buildup of rhizobia in soils but can these
bacteria left over in our soils from years past provide the
degree of efficiency needed for maximum yields of our
newer varieties? Since the bacteria and host plant work
as a team, progress in development of varieties should be
accompanied by progress in selection and development
of more effective rhizobial strains. The challenge to the
legume bacteriologist is to select more efficient strains and to
develop inoculation procedures to insure nodulation by these
strains in the presence of abundant native rhizobia in the soil.
“Soybean Rhizobia Differ: Although strains of rhizobia
are usually indistinguishable under the microscope and
show only minor differences on culture media, their abilities
to enhance growth of their host often differ immensely.
Of those able to nodulate soybeans, certain strains are
ineffective on all varieties; some are good nitrogen fixers
on only a few varieties; and others are effective on a wide
spectrum of soybean varieties. For optimum symbiosis,
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rhizobial strains must be properly matched with soybean
variety. With new varieties being introduced continuously,
rhizobial strain selection becomes a highly important
and ceaseless challenge to the rhizobiologist. Another
equally important characteristic of the rhizobial strain is its
competitiveness or ability to effect nodulation in the environs
of a mixed rhizobial population. USDA scientists have
shown conclusively that strains of soybean rhizobia differ
greatly in this so-called competitive quality which enables
them to effect nodulation. Without this ability, nitrogenfixation efficiency cannot be fully realized.
“In the Midwest, soybeans are commonly rotated with
corn. With the ever-increasing amounts of nitrogen fertilizer
being applied to corn, there is a greater amount of residual
nitrogen for the soybean crop. High soil nitrogen often
impedes effective nodulation and, as was pointed out by
Able, can actually be detrimental to a profitable crop.
“Tests conducted by Nitragin Co. scientists in 1965
indicate that certain rhizobial strains are better suited than
others to effectively nodulate soybeans grown in highnitrogen soils. In replicate tests, seven of nine rhizobial
strains studied brought about significant increases in yields
in a low-nitrogen soil. With 100 pounds N per acre applied
before planting, only four of the nine rhizobial strains caused
significant increases in yield over the noninoculated controls
grown at the same nitrogen level. The indications are that
soil-nitrogen level should definitely be considered in the
screening program for selection of soybean strains.
“Growth Regulators and Nodulation: Most soybean
growers today are interested in seed rather than forage.
Varieties and cultural practices are selected on the basis of
bushels of combinable beans produced per acre. When the
desired effects are not achieved completely by plant breeding
and cultural practices, plant growth regulators are employed.
Although it has not yet been cleared by FDA, one of the
most promising of these is 2, 3, 5, triiodobenzoic acid known
as TIBA. Anderson and co-workers at Iowa State University
have reported increases of 10% or more in yields as a result
of spraying soybeans with as little as 1 ounce of TIBA
per acre during the early blossom period. TIBA increased
branching, shortened leaf petioles, increased fruit set, and
decreased lodging. In essence, TIBA tended to produce
a shorter, more compact plant with equal or improved
photosynthetic capacity.
“Morphological changes of the magnitude produced by
TIBA conceivably could alter the rhizobia-plant relationship.
Tests were made in 1965 by Nitragin scientists to study
this possibility. (Photograph shows field-grown soybeans
with and without the TIBA treatment.) The TIBA treatment
had no adverse effect on nodulation. The shorter, compact
plants were abundantly nodulated; yields of TIBA treated
plants were significantly increased by inoculation. However,
there was an indication that the longer fruiting period and
increased number of pods brought about by TIBA caused a

greater demand for nodule nitrogen. Nitrogen, 100 pounds N
as ammonium nitrate, applied during mid-August improved
yields significantly. Possibly the application of nitrogen
fertilizer would not have been necessary if rhizobial strains
had been selected for their ability to provide nodule nitrogen
during the late fruiting period. Rhizobial strains are known to
vary in this respect.
“Practices Must Be Sound: Many facets in the screening
and selecting of rhizobial strains have been described.
Highly effective strains for particular varieties and conditions
must be supplied. Further, the rhizobial strains must be able
to compete with the native soil rhizobia and effectively
nodulate their host. Screening for efficiency, acceptability
by the host, competitive qualities, etc., are of little avail,
however, without sound inoculation practices. Unfortunately,
the emphasis during recent years has been on making
inoculation easy rather than effective.
“Field studies conducted by the Nitragin Co. the past
3 years show conclusively that from 200,000 to 1,000,000
rhizobia are needed per seed to bring about effective
nodulation even when soybeans have not been grown
previously in the field. The indications are that many more
will be needed to insure nodulation by seed-applied rhizobia
of soybeans planted in soils naturally infested with soybean
rhizobia.
“Many of the practices currently being employed in
inoculating soybeans would not be at all acceptable by the
farmer were it not for the fact that his soil harbors sufficient
rhizobia to bring about reasonably abundant nodulation.
Inoculation of soybeans for many weeks or even months
in advance of planting is not practical from a scientific
viewpoint. Rhizobia die rapidly when applied to the seed
and this is particularly true when liquid or broth cultures are
used.
“Prudent inoculation can be a big aid to increasing
soybean yields and making the crop highly profitable. The
challenge to the rhizobiologist is to develop the proper
strains and effective inoculation procedures; the challenge to
the grower and seedsman is to insist on reliable inoculants
and reliable inoculation methods.”
Page 14: Photos show: (1) “Highly effective nodulation
on soybeans late in August during the heavy fruiting stage.”
(2) “Typical inoculation of soybeans grown in a soil medium
high in nitrogen. Nodules tend to be small and scattered.
They degenerate long before the plant reaches maturity.”
Address: PhD, Director of Research, the Nitragin Co.
1718. Caviness, C.E. 1966. Estimates of natural crosspollination in Jackson soybeans in Arkansas. Crop Science
6(2):211-12. March/April. [3 ref]
• Summary: The soybean is self-fertile and self pollinated.
“Rather wide year-to-year fluctuations in natural crosspollination were found to occur when the Lee and Jackson
varieties were planted in adjacent rows in Arkansas during
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a 3-year period. Natural cross-pollination was 0.44% in
1961 and 0.03% in 1962 and 1963 when the varieties were
grown in adjacent rows. With distances of more than 15
feet from the pollen source, natural cross-pollination was
rare and did not vary greatly during the 3-year period in
these experiments.” Address: Dep. of Agronomy, Univ. of
Arkansas, Fayetteville.
1719. Forrester, Marlene, L.; Krotkov, G.; Nelson, C.D.
1966. Effect of oxygen on photosynthesis, photorespiration
and respiration in detached leaves. I. Soybean. Plant
Physiology 41(3):422-27. March. [13 ref]
• Summary: “The effect of O2 on the CO2 exchange of
detached soybean leaves was measured with a Clark oxygen
electrode and infrared carbon dioxide analysers in both open
and closed systems.
“The rate of apparent photosynthesis was inhibited by
O2 while the steady rate of respiration after a few minutes in
the dark was not affected. Part of the inhibition of apparent
photosynthesis was shown to be a result of increased
photorespiration. This stimulation of photorespiration by
O2 was manifested by an increase in the CO2 compensation
point.” Address: Dep. of Biology, Queen’s Univ., Kingston,
Ontario, Canada.
1720. Green, G.D.; Albritton, R.C.; Coats, R.E.; Crockett,
S.P.; Hurt, B.C., Jr.; Gill, W.J. 1966. Soybean varieties for
hill areas. Mississippi Farm Research 29(3):4. March.
• Summary: “The same eleven soybean varieties were
included in Experiment Station tests at six locations in 1964
and 1965. Two-year averages for all locations show that seed
yields of Jackson and Bragg were significantly higher than
that of Hill, but not higher than any of the other varieties
(Table 1). None of the other varieties produced significantly
higher yields than Hill or different from each other. From a
statistical standpoint, any other differences obtained were
due to something other than yielding ability of the varieties,
such as soil variation, etc.
“Varieties did not yield in the same order at all locations.
Table 2 shows what appears to be the highest yielding
varieties at each location. These yields showed no consistent
pattern, except that the later maturing varieties appeared to
produce better, generally. In the hill sections of Mississippi,
the kind of growing season, particularly rainfall while the
pods are maturing, appears to influence the yield of varieties
more than the location, except that the earlier maturing ones
do not appear to do well in the southern half of the state.
“During 1965, four new varieties of soybeans–Dare,
Davis, Pickett, and Semmes–were released in the southern
states. Seed were not available for planting them in the main
tests. However, they were included in the Uniform Maturity
Group Tests conducted at State College in cooperation
with Dr. E.E. Hartwig, leader of the Southern Soybean
Improvement Program. Table 3 shows how these new

varieties performed compared to each other and to standard
varieties. It is not likely seed of any of them will be available
for general planting in 1966.
“Semmes was developed for phytophthora rot resistance
and for planting in heavy, poorly drained soil. Pickett was
developed for soybean cyst nematode resistance. Neither of
them is recommended in the absence of the conditions for
which it was developed.
The season was variable at the different test locations.
It was dry at State College early, wet in late June and early
July, dry again until late August and September when it was
wet. Table 4 shows the plants grew tall and lodged badly.
Due to heavy dews, showers, and rather cool weather in the
fall, maturity was delayer and shattering was less than if it
had been drier and warmer. The weather was dry during May,
June and early July at Brooksville, very dry during most of
the season at Pontotoc, and dry until fall at Holly Springs.
“The tests were conducted at the Central Station, State
College and the following Branch Experiment Stations:
Black Belt at Brooksville, Brown Loam at Raymond
Pontotoc Ridge-Flatwoods (on Flatwoods soil) at Pontotoc,
North Mississippi at Holly Springs, and Northeast
Mississippi at Verona.”
In Table 1: “Two-year average soybean yields, 19641965, at six hill section locations.” In descending order of
yield, the 11 varieties are: Jackson. Bragg. Bossier. Rebel.
Curtis. Hampton. Hood. Hale 3. Lee. Hale 7. Hill. The 5
locations are Holly Springs, Verona, Pontotoc, State College,
Brooksville, and Raymond. For each variety a 6-station
average is given, e.g., Jackson 35.7 bu/acre. Hill 29.5 bu/
acre.
Table 2: “Two-year average, highest yielding soybean
varieties at each of six hill locations, 1964-1965.”
Table 3: “Information on new varieties and standard
varieties as checks taken from Uniform Maturity Groups VI
and VII Tests.”
Table 4. “Soybeans, yields, and other data, State
College, Mississippi, 1965.” Address: Hill stations,
Mississippi.
1721. Hartwig, Edgar E. 1966. TIBA fails to boost soybean
yield in state. Mississippi Farm Research 29(3):1-2. March.
• Summary: “The plant growth regulator triiodobenzoic
acid (TIBA) has been widely publicized as a plant regulator
that increases soybean yields 10 to 20 percent. An exclusive
license to develop, produce, and market this material
was awarded to International Minerals and Chemical
Corporation, Skokie, Illinois by Iowa State University
Research Foundation, Inc., Ames, Iowa.
“TIBA is reported to increase seed yields by diverting
growth from leaves to seed. A small quantity applied as
a spray during the flowering stage of growth affects the
hormone control of the plants.
“Soybean varieties grown in the North-Central States

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 559
have an indeterminate growth type. Plants having this
growth habit continue to increase in height for several weeks
after flowering has begun. With such a growth habit it is
conceivable that stopping growth could divert energy from
continued growth to development of pods and seeds.
“Southern varieties have a determinate growth type.
Increase in height has been completed before flowering.
Consequently, it is not logical that a growth regulator
which may increase yields of an indeterminate type plant
by stopping growth should increase seed production on a
determinate type.
“Lee soybeans have an average mature height of 34
inches. A breeding procedure has been used to change Lee
from a determinate growth type to a type which continues
to grow for several weeks after it begins to flower. The
indeterminate Lee reaches a height of approximately 64
inches and lodges badly. In studies at Stoneville during the
past 5 years, seed yields have averaged 21 percent less than
Lee.
“In 1965, plots of the normal Lee type and the
indeterminate type were treated with TIBA. Plantings
made on May 24 were sprayed on July 16 with a solution
containing 60 parts per million of TIBA and a surfactant.
This was approximately 1 week before plants were in full
bloom. The plants of the indeterminate type were slightly
taller than the determinate type plants. All leaves were
completely covered with the solution.
“Mature height of the normal Lee type treated with
TIBA averaged 4 inches shorter than untreated plots, and
row middles were not completely shaded. Seed yield for
treated plots averaged 27 bushels per acre, and untreated
averaged 38 bushels per acre, a reduction of 29 percent with
TIBA treatment Growth of the indeterminate type halted
temporarily but growth later resumed. At maturity treated
and untreated plants were similar in height and lodging.
Treated plots averaged 26 bushels per acre in comparison
with 30 bushels per acre for untreated plots.
“The results obtained from treating Lee soybeans with
TIBA offer no encouragement for use of this material to
increase the seed yield of adapted varieties in Mississippi.
A type closely related to Lee but of indeterminate growth
was treated to determine whether TIBA treatment would,
by suppressing growth, produce as much seed as Lee.
Growth stopped temporarily. We estimated that at least three
applications at intervals of approximately 10 days would be
necessary to control growth of the indeterminate genotype so
that it would [?] greatly exceed the growth of the determinate
genotype.” Address: Research Agronomist, Crops Research
Div., ARS, USDA, working in cooperation with the Delta
Branch Experiment Station, Stoneville, Mississippi.
1722. Lin, C.Y.; Key, Joe L.; Bracker, C.E. 1966. Association
of D-RNA with polyribosomes in the soybean root. Plant
Physiology 41(6):976-82. June. [22 ref]

• Summary: “Ribosomes from soybean root tips were
shown to consist of about 75% polyribosomes based on
size distribution on sucrose gradients. Electronmicrographs
showed the presence of ribosome clusters in normal
preparations and only monomers and dimers in ribonucleasetreated preparations. The polyribosome preparations,
but not single ribosomes, showed good in vitro amino
acid incorporating activity. D-RNA was associated with
the ribosome preparations, and preferentially in the
polyribosome structure.” Address: Botany and Plant
Pathology Dep., Purdue Univ., Lafayette, Indiana.
1723. Hartwig, E.E. 1966. Evaluation of soybean
germplasm: Maturity groups V, VI, VII, VIII. RSLM (U.S.
Regional Soybean Laboratory Mimeograph, Urbana,
Illinois) No. 226. July. 21 p.
• Summary: Note: This is the earliest document seen (May
2009) with the term “Maturity Groups” (or “Maturity
Group,” regardless of capitalization) in the title. Address:
Stoneville, Mississippi.
1724. Tattersfield, J.R. 1966. The sensitivity of soya beans
(Glycine max (L.) Merrill) to lack of moisture during
seed development. Rhodesia, Zambia and Malawi J. of
Agricultural Research 4(2):107-09. July. [5 ref]
• Summary: “The growing period in Rhodesia is usually
brought to a close by the ending of the rains and subsequent
exhaustion of soil moisture reserves... it is important that
varieties complete their growth during this time. This
was demonstrated in a soya bean variety trial conducted
at Salisbury Research Station during 1964/65, when the
rainy period was only 110 days. The 36 varieties in the trial
required from 120 to 185 days to mature (i.e., from planting
until 95% of the pods turned grey-brown) and their yields
were negatively correlated with maturity rate...”
“Summary: Watering of control pots of soya beans of
variety Hernon 147 was continued until 95 per cent of pods
had turned brown and all leaves were senescent. Interruption
of watering seven days earlier had no effect on yield, while at
14 days earlier yield was depressed by 17 per cent and at 28
days earlier the yield fell by 40 per cent.” Address: Salisbury
Research Station, Ministry of Agriculture, Rhodesia.
1725. Mitchell, Roger L. 1966. What is this plant called
soybean? Soybean Digest. Sept. p. 32-34.
• Summary: “The soybean (Glycine max) can be described
in many ways. Economically, it is the Cinderella crop of the
20th century. Historically, it dates back to the antiquity of
Asian civilization. Botanically, the soybean is a taprooted,
summer annual legume grown for its edible seed. The unique
growth habits and environmental responses of this plant and
its greatly expanded economic importance require that we
cease to handle it as if it were another field of corn or cotton.
Our task is to understand the soybean plant more thoroughly
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as a basis for improved management practices and increased
yields.
“The Root: Let us look first at the hidden, seldom
observed characteristics of the plant that occur underground.
The soybean forms a taproot which most commonly grows
straight downward. Little branching occurs in the first 2 to 3
inches of the root-hypocotyl region beneath the soil surface.
As branch roots grow out from the main taproot, they occur
at regular 90-degree points around the root circumference.
However, as these branches continue to expand, they appear
to grow in all directions.
“Although the soybean is taprooted, its rooting depth is
shallow if compared to legumes like alfalfa or sweetclover.
It may penetrate to depths of 5 feet, but moisture extraction
appears minimal below 3 to 4 feet, while corn may use
considerable water from depths of 5 feet and more. Yet the
soybean has a well-deserved reputation for being rather
drouth tolerant. Why? Partly because of its rooting depth, but
more because of its flowering habit, which will be discussed
later.
“The soybean, like other legumes, is capable of hosting
bacterial colonies in nodules on its roots. These bacteria fix
nitrogen from the air in the form plants can use and, while
this is agreed to be beneficial, nodulation processes have
caused many questions to be raised about the soybean’s
nitrogen nutrition.
“The nodules consist of root tissue which has become
modified after invasion by the bacteria. Nodules may
appear within 8 to 10 days of planting and begin nitrogen
fixation about 2 weeks later. There is not full agreement
among researchers as to how long the nodules are active.
Some reports suggest they function until the seed is ripe,
but detailed recent work suggests nitrogen fixation cuts off
sharply as pod set begins.
“The soybean has a high nitrogen requirement. A
40-bushel crop of grain with 6.5% nitrogen would contain
156 pounds of nitrogen [per acre]. One technique for
studying how much nitrogen a soybean plant might use, if it
fixed none itself, has been to develop a nonnodulating line
and fertilize it with nitrogen. A second method has been to
tie up the nitrogen in the soil with corn cobs and then supply
nitrogen from fertilizer. From such studies it has been shown
that more than 3 pounds of fertilizer nitrogen are required to
substitute for 1 pound of nodule nitrogen. Further, no way
has been discovered for substituting commercial nitrogen for
nodule nitrogen. If nitrogen is added as fertilizer, the nodules
fix less nitrogen.
“Since direct fertilization with nitrogen does not appear
to be useful, current studies are being conducted to find
more efficient strains of bacteria for use in inoculation. More
efficient strains are now known, but they do not ‘win the
race’ to infect the root and form the nodule. The race is won
most of the time by older, less efficient strains already in the
soil.

“The soybean’s response to changing supplies of
phosphorus and potassium is not fully understood. It is noted
that soybean plants absorb large amounts of N, P and K
during the growing season. In producing a 40-bushel crop
of beans, the plants will accumulate more N and about the
same P and K as a 120-bushel yield of corn. And more of the
N and K will be removed in the grain. However, repeated
experimentation and field experience have shown soybean
fertilization needs to be different from corn. The following
four factors contribute to this differential:
“1–There are many more nutrients in the bean seed
than the corn seed: four times as much N, two times as
much P, six times as much K. A soybean seed will weigh
approximately one-half as much as the average corn kernel
so each young soybean plant has two times the N, equal P,
and three times the K as a young corn plant. In addition, we
plant four to five times as many soybean seeds per acre and
do not expect each plant to increase in weight as rapidly as
we do each corn plant.
“2–Soybeans appear to be more capable of absorbing
nutrients, especially P and K, from the soil they contact than
does corn.
“3–The rhizobia in the nodules supply the soybean’s
nitrogen needs. Applications of nitrogen fertilizer do
not increase yields of well-inoculated plants; in fact, N
fertilization merely reduces the effectiveness of the nodules.
“4–Recent studies have shown that the well-nodulated
plant has a less branched root system than a poorly nodulated
plant. Possibly broadcast or shallowly applied fertilizer is
less available to such a root system.
“Soybeans do respond to direct fertilization with P
and K on soils testing low or very low in these elements,
but returns on medium fertility or higher soils have been
generally considered unprofitable to date.
“Top Growth: The seed divides easily into two halves
(cotyledons) which are covered by a leathery textured
seedcoat. Between the cotyledons and attached to them
near one end is the embryo. The cotyledons (seed leaves)
contain the food reserve which nourishes the seedling plant.
The hypocotyl, a stemlike structure beneath the cotyledons,
pushes the cotyledons and the plumule (growing point)
above the soil surface 4 to 7 days after planting. Once it has
done this, the hypocotyl ceases to grow.
“The cotyledons serve to nourish the seedling for about
the first 2 weeks of its life (1 week of emergence and 1 more
week after emergence). During this time the cotyledons lose
about 70% of their dry weight. Loss of one cotyledon at any
time during this period or loss of both cotyledons a week
after emergence has little effect on the young plant’s growth
rate. However, the loss of both cotyledons at emergence or
shortly thereafter may cut yields 8% to 9%. The cotyledons
make a small, apparently insignificant contribution to
photosynthesis.
“The stem serves the structural function of supporting
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the leaves and contains the transportation (trans-location)
system of the plant. A tawny or grey-colored pubescence
(hair-like structures) is present on most commercial varieties.
This is a desirable trait and contributes to insect resistance,
primarily against thrips and leaf hoppers.
“Nodes divide the stem into inter-nodes with branches
arising at the nodes. Length of the internode (and, therefore,
height of the plant) is controlled genetically but modified by
light, water and other environmental conditions in the field.
When less light reaches the base of the plant (as in more
thickly populated fields) less growth hormone is destroyed
and the plant grows taller.
“Leaf: Fifty to sixty days after emergence, the soybean
has developed a leaf area index of 3 to 4 (3 to 4 acres of
leaves per acre of land). This quantity of leaves is similar to
that developed by corn, but they are distributed vertically
over approximately one-half the distance of corn leaves.
“Leaves of soybeans can use about one-fourth of the
sunlight available on a bright summer day. With 10,000
footcandles available, an individual leaf uses 2,500
footcandles. The first 500 are used to maintain the leaf, the
remainder produces materials for other processes. All the
leaves of the soybean plant form a canopy; the size, shape,
orientation, and position of the leaves within this canopy
are important factors in determining the amount of potential
photosynthesis in the crop. In contrast to corn, the leaves
of soybeans are rather close together and parallel with the
ground surface. One leaf shades the next to the extent that
light in a soybean field may only penetrate 1 foot whereas
in corn it may penetrate 3 to 4 feet. One current research
objective of both soybean breeders and physiologists is to
improve penetration of light into the individual plant, but to
reduce the light that penetrates between plants and strikes the
soil.
“Two recent modifications have been made to soybean
plants to improve their pattern of light interception. One is
represented by the effect TIBA has on the canopy shape. A
conical canopy is caused by a mild stimulation of branching
at lower nodes and less branching at the top of the plant.
This seems to increase the light penetration into the plant
and provides more surface leaf area to intercept sunlight”
(Continued). Address: Prof. of Agronomy, Iowa State Univ.,
Ames.
1726. Mitchell, Roger L. 1966. What is this plant called
soybean? (Continued–Document part II). Soybean Digest.
Sept. p. 32-34.
• Summary: (Continued): “A second modification is
represented by the variety Amsoy. This and certain other
new varieties are referred to as ‘thin lines.’ Their leaves
point upward more and they do not bush out as much. This
appears to allow better light interception into the plant and
does result in higher seed yields. Obviously, such plants
would need to be placed closer together to intercept the light

between the rows.
“Two major factors, then, affect the interception of light
by a crop:
“1–The amount of leaf area of a crop which is related to
its stage of development and the plant population. Soybeans
are commonly planted at optimum or above populations.
“2–A second factor in interception is the leaf area over
the land surface or the plant spacing. The yield differences
between narrow and wide row beans are due entirely to more
beans (as opposed to larger beans) in the narrower rows.
“Efficiency of light intercepted differs between crops.
Corn, for example, produces about one-third more sugar
for the same amount of sunlight intercepted. The reason for
this difference is unknown. From the time the bean plant
begins to flower until pods are nearly filled the whole plant
increases about the same amount each day in dry weight
(in the range from 60 to 150 pounds per day). Early in
this period it goes into vegetative growth, but as the plant
matures the vegetative part loses weight and transfers its dry
weight to the pod.
“While soybeans are not as efficient in their response to
light quantity as some other species, they are one of the most
responsive crop plants to light duration (or the length of day)
as they progress through a growing season. This is called a
photoperiod response. The table below shows the results for
three varieties grown at Ames, Iowa.
“These three varieties cover a north-south area of
800 miles. When planted in mid-May at one location they
respond very differently to the day-length at that location.
Their period of podfilling is not too different, but the length
of time from planting to the beginning of bloom varies
greatly. As a result, soybean varieties are adapted to rather
narrow belts.
“Soybeans are naturally self-pollinated and completely
self-fertile. Only about 1% natural crossing occurs.
The flower is small and requires delicate and skillful
manipulation for crossing or hybridizing. To date, no sources
of male sterility have been found, so hybrid beans do not
appear likely on a commercial scale very soon.
“Bud and Flower Development: The junction of the
main stem and a branch or of a branch and a subbranch is
called an axil. In each axil, an axillary bud is present. This
bud may (1) develop into a branch, (2) form a flower cluster
that matures into pods or (3) remain dormant until the plant
is subjected to a particular stress.
“The buds in the axils of the cotyledons frequently form
a new stem if the plant is cut off above this point.
“Axillary buds that become flowers develop first toward
the base of the main stem (commonly starting at the fourth
node) and then progress up the plant. In the mature plant
pods are relatively more concentrated toward the top. The
flowers occur in clusters of three to fifteen per node and may
appear over a 2- to 5-week period. Seventy-five percent of
the flowers formed may abort and, therefore, never develop
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into mature pods. Under normal planting rates, 30 to 100 of
these pods may be retained per plant with two to three seeds
per pod. The thinner the stand, the greater the number of
pods per plant.
“Soil Moisture Needs: Soybeans are quite sensitive to
water supply at germination, requiring 50% moisture in the
seed to germinate, whereas corn needs 30% and rice 26%.
“The soybean withstands short periods of drouth during
the season without serious injury, although photosynthesis is
cut by half when the leaf loses 15% of its maximum waterholding level (or turgidity). They are less sensitive to drouth
during flowering than is corn. This is due at least partly to
differences in flowering patterns. Corn forms tassels and
silks just once and coordination of these processes is critical.
Under drouth conditions, silk development is delayed
more than tasseling and barren stalks result. The soybean,
by contrast, flowers over a period of about a month when
planted as a full-season crop. Failure of early flowers to set
pods may be compensated for by better pod set or retention
of later flowers.
“Soybeans are much more sensitive to dry weather
during grain filling than is corn. Corn is a deeper-rooted plant
and can take advantage of more subsoil moisture. Therefore,
while a July drouth will cut corn yields distinctly, an August
drouth (during pod filling) will cut soybean yields relatively
more.
“Soybean Diseases: Numerous diseases have more or
less of a yield depressing effect on soybeans each year, with
reductions averaging 12% to 16%. While the overall effect
of a given disease is relatively small (see table 2) a particular
disease like brown stem rot or Phytophthora root rot may
cause yield reductions in a given field of 20% to 50%.
“There still remains much to be known about soybean
rooting patterns, seed set-light relationships and mineral
nutrient response. A better understanding of these and other
growth relationships will point the way to increasing further
the productivity of the soybean.”
Table 1 shows “Photoperiod responses of three soybean
varieties grown at Ames, Iowa.”
Acme, adapted to southern Canada, takes 28 days from
planting to bloom, 66 days for fruiting (pod filling), for a
total of 94 days.
Hawkeye, adapted to central Iowa, takes 51 days from
planting to bloom, 79 days for fruiting (pod filling), for a
total of 130 days.
Dorman, adapted to southern Missouri, takes 88 days
from planting to bloom, 72 days for fruiting (pod filling), for
a total of 160 days.
Table 2 shows “Average annual losses in soybeans due
to diseases, 1951-1965.”
“Bacterial pustule 1.4%
“Bacterial blight 2.2%
“Frogeye 0.1%
“Downy mildew 1.6%

“Brown spot 0.8%
“Phytophthora 2.2%
“Stem canker 1.0%
“Brown stem rot 0.6%
“Fusarium root rot 0.6%
“Pod and stem blight 1.1%
“Purple stain 0.7%
“Root-knot nematode 0.5%
“Bud blight 0.8%
“Others 0.4%
“Total 14.0%”
A small portrait photo shows Roger L. Mitchell.
Address: Prof. of Agronomy, Iowa State Univ., Ames.
1727. Key, Joe L. 1966. Effect of purine and pyrimidine
analogues on growth and RNA metabolism in the soybean
hypocotyl–the selective action of 5-fluorouracil. Plant
Physiology 41(8):1257-64. Oct. [25 ref]
• Summary: “The effects of several base analogues and
cycloheximide on RNA synthesis, protein synthesis, and cell
elongation were studied in excised soybean hypocotyl. None
of the pyrimidine analogues tested affected growth or protein
synthesis; only 5-fluorouracil appreciably inhibited RNA
synthesis...” Address: Dep. of Botany and Plant Pathology,
Purdue Univ., Lafayette, Indiana.
1728. Stefansson, B.R. 1966. Altona, a new variety of
soybeans. Canadian J. of Plant Science 46(6):693. Nov.
• Summary: “The soybean variety Altona was licensed in
Canada in April 1966. Altona represents improvement over
other maturity group 00 (earliest group) soybean varieties in
yielding ability and in resistance to phytophthora root rot.”
In Table 1, the yield and composition of Altona are compared
with those of Acme, Flambeau, and Erect varieties. It’s
average yield is 17.6 quintals/ha (1 quintal = 100 kg). The
seed contains 40.7% protein and 19.4% oil. Altona originated
as a selection from the cross Flambeau x 052-093 in a
breeding program at the Univ. of Manitoba.
“Description: Many of the characteristics of Altona are
similar to those of Flambeau. However Altona matures 5
days earlier than Flambeau and has outyielded that variety
by 2.5 quintals [1 quintal = 100 kg] per hectare in tests
conducted in Manitoba during 5 years (Table 1)... Flower
color is purple and pubescence is brown. The seed is yellow
with a dark hilum.” Address: Dep. of Plant Science, Univ. of
Manitoba, Winnipeg, MAN, Canada.
1729. Hartwig, Edgar E. 1966. Breeding better soybeans:
today’s high-protein soybean varieties are products of
intensive breeding research on thousands of Asian strains
introduced over a 150-year period. Plant Food Review
12(4):11-13. Winter.
• Summary: Contents: Introduction. Day length sensitivity
[photoperiod]. Few varieties necessary (“In 1963, 40
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varieties accounted for 98 per cent of the U.S. acreage and 10
varieties accounted for 82 per cent. Four varieties: Harosoy,
Clark, Lee, and Hawkeye alone were grown on 56 per cent
of the acreage”). Yield-limiting factors (such as diseasecausing organisms, insects, and loss of seed by shattering).
Progress at intervals (“Ogden, a Group VI variety released
by the Tennessee Agricultural Experiment Station in 1942,
played a large role in getting soybean production underway
in the South”). Conquering a disease (Phytophthora rot).
Nematodes–another problem. Type of growth important
(indeterminate vs. determinate). Oil and protein factors
(Breeders are switching from focus on more oil to more
protein). Summary.
“Increased research on soybeans for the production of
seed for processing in the South was initiated by the U.S.
Department of Agriculture in cooperation with the state
experiment stations in 1943. The first varieties to come
from this program were Jackson, released in 1953, and Lee,
released in 1954. Both have as one of their parents strains
introduced from Nanking, China, about 1927. These strains
made excellent growth in the South and had resistance
to many of the diseases common to the area, but had
undesirable qualities making them unsuitable for wide-scale
production.
“Lee combined the qualities of excellent shatter
resistance, plus resistance to the diseases bacterial pustule,
wildfire, frogeye, and purple seed stain, and moderate
resistance to target spot and phytophthora rot. In 1963, Lee
was grown on nearly 60 per cent of the southern acreage.
In addition, Lee, or a sister line, is a parent of Hill, Bragg,
Hampton, and Semmes. Bragg is taller and later maturing
than Lee, and incorporates most of the qualities of Lee,
plus resistance to root knot nematodes similar to Jackson. It
gives promise of being widely accepted by growers in the
Southeast.”
“Oil and Protein Factors: Major emphasis in breeding
has been given toward developing varieties having a high
percentage of oil. Average composition of present varieties
is 21 per cent oil and 40.5 per cent protein on a dry matter
basis. However, expanded markets for protein within the
U.S. and the industrial nations of the world have made
protein the most valuable portion of the seed today. On
the basis of 10-year average prices for protein and oil, the
protein portion of the seed has been worth 58 per cent of the
total value.
“Considerable variability exists among soybean
genotypes for protein and oil content of the seed. Oil and
protein contents in the seed are negatively correlated. Thus,
as we increase protein content by 10 per cent, we can expect
a nearly similar percentage reduction in oil.
“It seems logical that greater effort should be given
toward developing productive types having a higher protein
content. Types used as sources of genes for high protein have
poor agronomic qualities. Several cycles of breeding are

required to incorporate higher protein with good agronomic
qualities. Progress in this program is still behind that for
developing improved high oil varieties. Comparative data
are presented in Table 1 for a standard variety and two highprotein strains.
“Another strain, D60-9647, has produced seed yields
equal to Lee when grown on Sharkey clay, as observed in
Table 2.
“Feeding trials comparing protein from high-protein
strains with that from standard varieties indicate that they
are biologically equal. Results are encouraging that highly
productive, high-protein varieties can be made available
when a demand develops.
“Summary: Great progress has been made in developing
disease-resistant and more productive soybean varieties
adapted to different regions of the U.S. The soybean plant is
becoming a more efficient factory in producing protein and
oil. Like any other factory, water and raw materials must not
be limiting at any time, and improved future management
will play a big role in providing these as required for most
economical yields.”
Note: This is the earliest document seen (Nov. 2018)
describing Dr. Hartwig’s new work in developing soybean
varieties with higher protein content. Address: 1. Research
Agronomist, Crops Research Div., USDA, and Mississippi
Agric. Exp. Station, Stoneville.
1730. Jackson, Earl K.; Evans, Harold J. 1966. Propionate
in heme biosynthesis in soybean nodules. Plant Physiology
41(10):1673-80. Dec. [25 ref]
• Summary: “When soybean nodules are incubated with
propionate-2-14C the heme moiety of leghemoglobin
becomes labeled. The incorporation of propionate-2-14C
into heme is linear with time and it appears that propionate
is utilized without a lag period. The rate of incorporation
of propionate-2-14C into heme is more rapid than the rate
of incorporation of succinate-2-14C and citrate-1, 5-14C,
however, these rates of incorporation may be influenced
by different sizes of endogenous pools of organic acids.”
Address: Dep. of Botany and Plant Pathology, Oregon State
Univ., Corvallis, Oregon 97331.
1731. Koch, Burton; Evans, H.J. 1966. Reduction of
acetylene to ethylene by soybean root nodules. Plant
Physiology 41(10):1748-50. Dec. [8 ref]
• Summary: It “has been firmly established (1) that excised
soybean nodules fix atmospheric nitrogen for a period of
about 2 hours. The rate of fixation is greatly reduced in
sliced nodules, and fixation is virtually lost when nodules
are crushed.” Address: Dep. of Botany, Oregon State Univ.,
Corvallis, Oregon 97331.
1732. Shibles, R.M.; Weber, C.R. 1966. Biological
efficiencies of soybean production. Plant Food Review
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12(4):8-10. Winter.
• Summary: Contents: Introduction. Photosynthetic capacity
low (corn leaves are among the most efficient photosynthetic
tissue known; a soybean leaf is only about two-thirds as
efficient as a corn leaf in fixing carbon at full sunlight).
Leaf canopy important (90% of the light is intercepted by
only 40-50% of the soybean leaves in a fully developed
canopy–full bloom stage or greater). Need improvement in
sugar utilization. Role of environment (If any growth factor
is limiting, the crop will not achieve its genetic potential).
Challenge lies ahead (“Average soybean yields are only a
little better than one-third of maximum yields”).
Tables: (1) “Light interception and yield performance of
narrow and wide row soybeans.” With a 20-inch row width
the relative yield index is 15% greater than with a 40-inch
row width.
(2) “Comparison of yields and energy conversion at top
and average yields of corn and soybeans.”
Figures: (1) “Photosynthetic rate per cubic centimeter of
corn and soybean leaves.” The corn is much better.
(2) “Comparison of canopy types between Chippewa
(left) and Hark (right)” soybeans. Hark has a more erect leaf
pattern.
(3) “Influence of temporary (4-5 days) moisture stress
on yield in soybeans at eight stages of development.” “By
far the greatest effect of moisture stress is on pod and bean
abortion”–which results in seed yield loss. Address: 1. PhD,
Assoc. Prof. of Crop Physiology; 2. Agronomist (soybean
breeder), Crops Research Div., USDA, Prof. of Agronomy.
Both: Iowa State Univ., Ames.
1733. Bavrina, T.V. 1966. [The effects of prolonged darkness
on pigments in neutral, long-day and short-day plants]. Dokl.
Akad. Aauk SSSR 167(2):464-67. [18 ref. Rus]*
• Summary: Soybeans are short-day plants. The pigments
chlorophyll and carotenoids disintegrated more slowly in
short-day plants than in neutral- or long-day plants. Address:
Inst. Fiziol. Rast. Akad. Nauk SSSR, Moscow.
1734. Jackson, Earl K. 1966. Propionate metabolism and
its relationship to leghemoglobin biosynthesis in soybean
nodules. PhD thesis, Dep. of Botany & Plant Pathology,
Oregon State University. 77 p. *
Address: Oregon State Univ., Corvallis, Oregon.
1735. Lozhnikova, V.N. 1966. [The dynamics of natural
gibberellins under conditions of photoperiodic cycles]. Dokl.
Akad. Aauk SSSR 168(1):223-26. [5 ref. Rus]*
• Summary: The content of natural gibberellins in 6
cultivated plant species with different photoperiodic
reactions was invariably higher under long-day than under
short-day conditions. These differences were large for
soybeans, lupin, and field beans. Address: Inst. Fiziol. Rast.
Akad. Nauk SSSR, Moscow.

1736. Lu, Y.C. 1966. Studies on the morphology, physiology
and cytogenetics of cultivated, semi-cultivated and wild
soybeans. J. of Agriculture and Forestry, Taiwan (Nung Lin
Hsueh Pao) 15:1-31. *
1737. Wallace, A.; DeKock, P.C. 1966. Translocation of iron
in tobacco, sunflower, soybean, and bush bean plants. In:
Current Topics in Plant Nutrition, 1966. Los Angeles, CA:
University of California. See p. 3-9. *
1738. Schwanitz, Franz. 1966. The origin of cultivated
plants. Cambridge, Massachusetts: Harvard University Press.
viii + 175 p. See p. 119-20. [20* ref. Eng]
• Summary: This is a translation of the German edition:
Die Entstehung der Kulturpflanzen, 1957. Chapter 3, “The
influence of environment on the origin of cultivated plants”
notes (p. 119-20) that a good example of the adaptation of
cultivated plants to their environment is provided by the
photoperiodic behavior of plants, which can interfere with
the introduction of cultivated plants into regions having
different lengths of day. Most soybeans are short-day plants,
which grown well at northern latitudes. In the mid-1800s,
when attempts were made to introduce and acclimatize the
soybean to countries in Central Europe, they failed. The
soybean plants grew over-abundantly and produced large
amounts of foliage, but reached the blooming and fruiting
stages too late to give good and reliable seed yields. “Only
after a day-neutral variety had been discovered in northern
Manchuria–a variety in which blooming is not influenced by
length of day–could soybeans be successfully cultivated and
bred in Europe and North America.”
Note: The above quoted statement is true only of central
and southern Europe and the southern USA. The soybean
was not well accepted initially in tropical Latin America
because the introduced varieties were not well adapted to
the day length. Only when day-length neutral varieties from
Manchuria were introduced, did the plant start to succeed.
Soybeans are an example of a “primary” cultivated plant
(p. 121).
1739. Stanton, W.R. ed. 1966. Grain legumes in Africa.
Rome, Italy: Food and Agriculture Organization of the
United Nations. viii + 183 p. See p. 10-12, 99-105. Illust.
Subject index. Author index. 23 cm. [7 soy ref]
• Summary: Contents of the section on Glycine max:
Introduction. Origin. Breeding and selection. Physiology and
development. Pests. Diseases. Place in the cultural system.
Soil requirements. Soil preparation. Fertilizer. Rhizobia.
Planting. Cultivation. Harvesting. Storage. Future prospects.
Contains chapters by Joyce Doughty and R. OrracaTetteh, and W. Steele. “Further, there may have been
many attempts, dating from the early part of this century,
at introduction and preparation as human food, including

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 565
soybean bread (an early reference to the Gold Coast:
Tropical Life, 1929).” Footnote 14 (p. 99): (1) OFC Trials,
Tanganyika 1948-49; East Africa 1955; Angola 1936; van
den Abeele & Vanderput 1956; INEAC reports 1960. INEAC
is the Institut National pour l’Etude Agronomique du Congo,
active from the 1930s and 1960s.
Note: The OFC (Overseas Food Corporation) was
set up under the Overseas Resources Development Act in
February 1948, for the purpose of producing foodstuffs and
other agricultural products in British Colonies. It promoted
mechanized agriculture and was quite active in Tanganyika.
Its “groundnuts scheme” was seen as a football in domestic
politics since its inception.
“Origin: The soybean is a very ancient cultigen of
China and Japan and its early development is wrapped in
obscurity... Cultivars can be divided into those with erect and
those with reclining stems, but both types can have short or
long internodes... According to Sapin (1959) cultivars grown
for seed can be classified according to the length of their
growth period...”
“Breeding and selection: Soybeans are adaptable to a
wide range of climatic conditions, to which cultivars respond
by considerable changes in growth habit... In the Democratic
Republic of the Congo (formerly Belgian Congo) selection
started as early as 1936, mainly with varieties from the
United States, Indonesia, and Manchuria, and many cultivars
have been developed... Recommended cultivars for Zambia,
Copperbelt Province, are H 273, H 237, and Geduld” (p.
101).
Note 1. This book is poorly edited. It gives many author/
year citations in text but no corresponding bibliographic
entry for most!
Note 2. This is the earliest English-language document
seen (Aug. 1999) that uses the word “cultivar” (or
“cultivars”) in connection with soybeans.
1740. Holleman, James M.; Key, Joe L. 1967. Inactive
and protein precursor pools of amino acids in the soybean
hypocotyl. Plant Physiology 42(1):29-36. Jan. [8 ref]
Address: Dep. of Botany and Plant Pathology, Purdue Univ.,
Lafayette, Indiana 47906.
1741. Sakamoto, Clarence M.; Shaw, Robert H. 1967. Light
distribution in field soybean canopies. Agronomy Journal
59(1):7-9. Jan/Feb. [8 ref]
• Summary: This is a study of light interception and
distribution, Light interception took place mainly at the
periphery of the canopy. But when the open space between
rows closed. or nearly closed, light interception took place
primarily at the top of the canopy.
The distribution of light on a field of soybeans can be
approximated using the leaf area index (LAI).
“From the distribution of percent light and cumulative
LAI, an estimate of the “effective” LAI was determined. The

large amount of self-shading and predominant interception
at the periphery of the canopy indicates that many lower
leaves are not receiving adequate radiation.” Address: Iowa
Agricultural and Home Economics Experiment Station,
Ames, Iowa.
1742. Sakamoto, Clarence M.; Shaw, Robert H. 1967.
Apparent photosynthesis in field soybean communities.
Agronomy Journal 59(1):73-75. Jan/Feb. [7 ref]
• Summary: “Limited data of net photosynthesis
observations in a field chamber study indicated that a
soybean community was light saturated at about 6,000 to
6,400 foot-candles in the initial flowering stage and at 5,500
foot-candles in the pod-formation and the pod-filling period.
Thereafter, the saturation level dropped abruptly. Maximum
net photosynthesis at light saturation showed a similar
pattern.”
“Projection of the net photosynthesis-light intensity
curve indicates that the compensation point in the soybean
community was about 1,000-1,500 foot-candles.” Address:
Iowa Agricultural and Home Economics Experiment Station,
Ames, Iowa.
1743. Daugherty, D.M. 1967. Pentatomidae as vectors of
yeast-spot disease of soybeans. J. of Economic Entomology
60(1):147-52. Feb. *
• Summary: “Microbiological examination of soybean pods
artificially inoculated in the greenhouse confirmed that
Nematospora coryli Peglion causes yeast-spot disease in
soybeans. The disease normally occurred only in association
with feeding by certain species of pentatomids and with
mechanical inoculation.” Address: Entomology Research
Division, Agric. Research Service, USDA, Columbia,
Missouri.
1744. Koch, Burton; Evans, H.J.; Russell, S. 1967.
Reduction of acetylene and nitrogen gas by breis and cellfree extracts of soybean root nodules. Plant Physiology
42(3):466-68. March. [9 ref]
• Summary: “The evidence that cell-free extracts of a
bacteroid fraction (bacteroids and other particulates) from
soybean nodules catalyze the reduction of both acetylene
and N2 gas and that the reduction of both of these gases is
dependent upon Na2S2O4 and an ATP generating system is
considered conclusive. The properties of the enzyme system
are being investigated.” Address: Dep. of Botany, Oregon
State Univ., Corvallis, Oregon 97331.
1745. Belikov, I.F.; Sazonenko, M.K. 1967. O
raznokachestvennosti semyan u soi [Seed quality variation
in soyabean]. Fiziologiia Rastenii (Physiology of Plants)
(Moscow) 14(2):337-41. March/April. [9 ref. Rus; eng]
• Summary: The relative amounts of oil in soybean
seeds were determined on a nuclear magnetic resonance
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radiospectrometer. Address: Biol. Pochv. Inst. Akad.
Nauk SSSR, Vladivostok [Biology-Soil Institute, Far East
Affiliate of Siberian Section of USSR Academy of Sciences,
Vladivostok].
1746. Delaware Agricultural Experiment Station; United
States Department of Agriculture, Agricultural Research
Service, Crops Research Div. 1967. Notice of release of
Verde soybean. Newark, Delaware. 3 p. May 1. Unpublished
manuscript. 28 cm.
• Summary: “The Delaware Agricultural Experiment Station
and the Crops Research Division, Agricultural Research
Service, announce the release of a new edible soybean
variety named Verde. Breeder seed of the new variety was
produced in Delaware in 1966. Verde is of maturity Group
III and has purple flowers, gray pubescence, and green seed.
It is a green vegetable soybean developed for the processing
trade for either freezing or canning. Verde has large seed
which possess a fine flavor. It is resistant to fungal parasites
causing the downy mildew, purple stain, and pod-stem blight
diseases.
“Verde was developed by research workers at the
Delaware Agricultural Experiment Station. It was tested
by research workers of the Crops Research Division and
cooperating experiment stations in the Mid-Atlantic and
North Central States. The cross from which it was selected
(Aoda X AO-7445) was made at the Crops Research
Division, Beltsville, Maryland. The line AO-7445 was
obtained from Ames, Iowa and was from the cross Richland
X Jogun. The selection of the Verde soybean and preliminary
evaluations were made at the Substation Division, Delaware
Agricultural Experiment Station, in southern Delaware.”
A table shows the maturity, height, seed weight, yield,
and chemical composition of Verde: Maturity for processing
(green): 85 days. Maturity for combining (dry): 118 days.
Height: 34 inches. Weight of 100 seeds for processing: 74
gm. Weight of 100 seeds for processing: 74 gm. Weight
of 100 seeds for combining: 32 gm. Yield per acre for
processing: 2,000 lb. Yield per acre for combining: 25
bushels. Percentage of protein in seed: 40.9. Percentage of
oil in seed: 19.2.
“Seed supplies are being increased in 1967 and will
be distributed through the appropriate seed organization
within the state of Delaware. The date agreed upon for the
simultaneous announcement of the variety name and release
of publicity is May 1, 1967. Breeder seed will be maintained
by the Delaware Agricultural Experiment Station.”
Page 95 of the 1967 Uniform Test Report describes the
development of Verde, year by year, from 1956 to 1967.
In 1956, R.C. Oeffel at Beltsville made the cross Aoda x
A50-7445; the latter variety had been obtained from C.R.
Weber at Ames, Iowa, and was from the cross of Richland
x Jogun. In 1957 the F-1 hybrid was grown at Beltsville. In
1959 the new variety (F-3) was first grown in Delaware at

the Substation Division, Univ. of Delaware, Georgetown.
In 1960 F-4 was grown at Georgetown. Single plant
selections were made on the basis of resistance to Diaporthe
phaseolorum var. sojae [which causes pod and stem blight]
and resistance to Cercospora kikuchii [which causes purple
stain]. Single plant selections were also made in 1961 and
1962 on the basis of resistance to the two fungi listed above,
and also on the basis of large seed and goof flavor. In 1963
a group of UD3210 lines were compared from yield, seed
holding [non-shattering], and standing ability [non-lodging];
one line, UD3210-31-14 was selected for increase. In 1964
3210 was increased to several pounds at Georgetown. In
1965 it was increased to 5 bushels, and in 1966 (F-10) it was
increased to 80 bushels in Georgetown. It was also entered
in Uniform Preliminary Test III. In 1967 it was named Verde
and publicly released on May 1.
Note: This is the earliest document seen (Nov. 2020)
that mentions the soybean variety Verde. Address: Newark,
Delaware.
1747. Tombs, M.P. 1967. Protein bodies of the soybean.
Plant Physiology 42(6):797-813. June. [20 ref]
• Summary: “Some microscopic observations of the protein
bodies of the cotyledon cells of the soybean (Glycine max)
are described, together with changes in their appearance
which occur on germination.”
Note: This is the third earliest document seen that
describes the use of an electron microscope to examine
soybeans or soyfoods. The terms “electron microscopy”
or “electron micrographs” appear 10 times in this article.
Address: Unilever Research Lab., Colworth House,
Sharnbrook, Bedford, England.
1748. Hicks, D.R.; Pendleton, J.W.; Scott, W.O. 1967.
Response of soybeans to TIBA (2,3,5-triiodobenzoic acid)
and high fertility levels. Crop Science 7(4):397-98. July/Aug.
[6 ref]
• Summary: “The soybean variety Wayne was used to study
the effects of the antiauxin TIBA (2,3,5-triiodobenzoic acid)
at high levels of fertility in field trials at Urbana, Illinois. The
following responses were observed for TIBA treated plants.
Leaf area was reduced 20%. Plant height was decreased
33% due to shorter internode lengths. The nitrogen content
of leaves and protein content of the seed were decreased;
the oil content was unaffected. Pod set increased while the
number of seeds per pod decreased. The number of seeds per
plant increased, but reduction in seed size caused the total
seed yield to remain approximately the same. Standability
was improved by TIBA...” Address: 1. Graduate Asst.; 2.
Prof. of Agronomy; 3. Prof. of Crops Extension. All: Dep. of
Agronomy, Univ. of Illinois.
1749. U.S. Regional Soybean Laboratory. comp. 1967.
Strain index for Uniform Tests 00 to IV, 1939-1966. RSLM

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 567
(U.S. Regional Soybean Laboratory Mimeograph, Urbana,
Illinois) No. 231. July. 39 p. Not for publication.
• Summary: Contents: Introduction, by Richard L. Bernard
(Research Geneticist, U.S. Regional Soybean Laboratory,
Urbana, Illinois). Number of strains per test. Number of test
locations. Named varieties. Experimental strains (Code letter,
agency). Description and history of development of released
varieties.
Introduction: “This index has been prepared to guide
research workers in finding information on the soybean
strains that have been tested in the cooperative testing
program coordinated by the U.S. Regional Soybean
Laboratory.
“The results of the Uniform Soybean Tests for maturity
groups 00 to IV in the northern states have been reported in
a mimeographed publication (usually issued in February or
March of the year following the tests) for each year of testing
beginning with the 1941 tests. The first two years of the
Uniform Tests, 1939 and 1940, were reported in the Annual
Reports of the U.S. Regional Soybean Industrial Products
Laboratory issued in April of 1940 and 1941. In this index
the reports are referred to by the year the tests were grown
rather than the year of issue.
“Named varieties and C strains are indexed to include
testing under their strain designations prior to release of their
CX number prior to assignment of C number.
“Tests listed under other strain designations include
only testing under that designation, but cross-references are
provided to indicate subsequent designations for the strain or
reselections from the strain.
“A, L, S, U, and W strain designations, which included
the last digit of the year of selection as a prefix to the
identifying number, are listed here with the last two digits to
avoid confusion between decades. For example, L6-2132 is
listed as L46-2132.
“Parentages in a few cases have been corrected or
simplified. An attempt has been made to express parentage
in the form that will show relationships to other strains that
have been in the Uniform Tests.”
Examples of code letters and agencies: A = Iowa Agr.
Exp. Station and U.S.R.S.L. CM = Canada Dept. of Agr.,
Morden, Mannitoba [Canada]. Cornell = New York Agr.
Exp. Station. D = Selections made at Dekalb, Illinois, by
C.M. Woodworth, Univ. of Illinois, 1939-40. FC = Forage
and Range Research Branch, U.S.D.A. MM = Manchu
(Meharry), Purdue University. O = Research Station, Harrow,
Ontario. O = Central Exp. Farm, Ottawa, Ontario. OAC =
Ontario Agr. College, University of Guelph, Guelph, Ontario.
PI = Plant Introduction Investigations, New Crops Research
Branch, U.S.D.A. UM = University of Manitoba, Winnipeg.
The other Agr. Exp. Stations cooperating with the U.S.R.S.L.
were: Purdue (Indiana), Delta Branch (Mississippi), Ohio,
Kansas, Illinois, Minnesota, Maryland, Maine, North Dakota,
Missouri, South Dakota, Nebraska, Delaware, Wisconsin.

“*In 1939 and 1940, Uniform Tests II, II, and IV
were called Uniform Early, Midseason, and Late Tests,
respectively” (p. 3).
History of released varieties: A-100 (1964). Adams
(1947). Amsoy (1965). Bethel (1961). Blackhawk (1947).
Chippewa 64 (1963). Clark (1952). Clark 63 (1962). Custer
(1966). Disoy (1966). Ford (1958). Grant (1955). Hark
(1966). Harosoy 63 (1962). Hawkeye (1945 & 1947).
Hawkeye 63 (1962). Henry (1960). Kent (1960). Lindarin
(1958). Lindarin 63 (1962). Madison (1960). Magna (1966).
Merit (1959). Monroe (1947). Norchief (1954). Perry (1950).
Portage (1964). Prize (1966). Ross (1960). Scott (1958).
Shelby (1958). Traverse (1965). Wabash (1947). Wayne
(1964).
Note: A soybean strain becomes a variety when it is
named and released. Address: Urbana, Illinois.
1750. Army, Thomas J.; Isleib, D.R. 1967. The system
concept for increasing yields. Soybean Digest. Sept. p. 38,
40-41.
• Summary: “It is a rare opportunity to speak to a group of
soybean farmers. Most of the time we talk to corn growers
who also grow soybeans, to cotton farmers who are growing
‘Japan’ peas or tobacco, and to peanut farmers who are
growing ‘a few’ soybeans. The almost second-class status of
this crop is certainly a contributing factor to the horizontal
trend of the national yield average.
“However, the lack of a top priority position of soybeans
on many farms cannot be the reason for the plateaulike
appearance of yield levels in 5-acre contest fields over the
last decade. Management of these contest fields usually
includes the use of the most recent technological advances.
Yet major yield breakthroughs are very infrequent. The
soybean obviously is a stubborn crop to manage. We do not
pretend to have all the answers needed to break the so-called
soybean yield barrier.
“However, we have given considerable thought, and
expended a considerable amount of effort on techniques
and practices to increase soybean yields. We have also
participated in and contributed significantly to soybean
research progress at many of the leading experiment stations
in the United States and Canada.
“Our ‘system philosophy’ development of an improved
total management program for increasing soybean yields
includes many ideas and suggestions from our associates in
this cooperative research program. We do, however, assume
full responsibility for the production package that we will
describe to you.
“As our research and development efforts on soybeans
evolved, we decided:
“1–That soybeans must be thought of and treated as
a high-input crop. The concept that soybeans are most
profitable when they are treated as a ‘scavenger’ crop should
have been discarded years ago!
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“2–That the ‘systems approach’ first used in the
aerospace industry, and now widely employed throughout
the business world, might also be successfully employed in a
soybean research program.
“The high input concept is basic to any significant
increase in the average yield-per acre. With the present
highly competitive world market for oil and protein, and
with further price reductions anticipated, it is an absolute
necessity that innovate productive management techniques
be employed.
“Field’s a Factory: The ‘systems approach’ simply
implies a total management concept. We decided to look at
the soybean field as a factory–a chemical manufacturing unit
producing oil and protein in the form of beans. A manager of
a chemical operation doesn’t segment his thinking. He must,
when making changes in one component of his production
unit, consider the need or adjustment of other associated
parts of the production line. In addition, we also wanted
to maximize the advantages made possible by developing
technology. Let me briefly give you a review of the evolution
of the concepts involved in our total management system.
“Recent developments in the technology of effective
weed control through chemicals gave us the opportunity
to move aggressively to reduced row widths. Narrow rows
have long been known to increase soybean yields in the
Cornbelt. However, reluctance to move to narrow rows
was at least partially related to the increased ease of weed
control in wider rows with conventional mechanical tillage
equipment. An effective chemical weed control program now
makes mechanical weed control technically obsolete, if not
economically obsolete.
“With reduced row widths comes the need for increased
plant populations. Most experiment stations in northern
soybean areas now recommend an increase in the amount of
seed per acre as row width is reduced. We reasoned further
that an increased plant population would put an increased
demand on the soil to supply nutrients. Hence, we felt
strongly that soybeans should be produced at high levels of
fertility. We cannot accept the widely held philosophy that
narrow rows are better only at low levels of soil fertility.
“If you want a small cow you certainly don’t starve the
calf!
“Nevertheless, the combination of high fertility levels,
high plant populations and narrow rows often results in
reduced yields due to severe lodging and poor pod set. The
need for improved varieties especially tailored for narrow
rows was obvious. We are certainly happy to see such types
now being developed and made available to farmers in some
areas.
“However, to develop new varieties particularly adapted
for narrow rows, high fertility levels, high plant populations
and for all the diverse soil, disease and climate conditions
typical of major soybean growing areas will require a major,
long-term development program by many individuals, seed

companies and agencies. In the meantime, we needed to find
a method for modifying present varieties so they would be
more adaptable to narrow-row, high-fertility culture.
“While we were exploring these possibilities for
increasing soybean yields through improved fertilization and
reduced row spacings, we learned of the work of Dr. I.C.
Anderson at Iowa State University. This was in 1962. Dr.
Anderson had increased soybean yields through the use of
a plant growth regulator called TIBA-2,3,5-triiodobenzoic
acid. Dr. Anderson found that by applying this chemical at
the correct time and in the correct amounts he increased pod
set and hence increased soybean yields 3 to 6 bushels/acre.
He also found that the treated soybean plants were shorter
and more conical in shape than the untreated plants.
“Through a licensing agreement with the Iowa State
University Research Foundation, Inc., we were able
to include TIBA in our experimental program. After 1
year of exploratory experiments at several locations, we
recognized the opportunity which TIBA offered us in the
systems approach to higher yield. The chemical, now called
REGIM-8, when properly applied, minimized or eliminated
lodging. With TIBA and chemical weed control agents, we
now had the opportunity to exploit the yield gains of narrow
rows under high fertility regimes.
“First-Class Crop: Our proposed management system
is not complicated. It does, however, demand that soybeans
be considered a ‘first-class crop’ and not a poor relation. It
requires the use of all good management practices normally
required for any crop. For example, soybean soils should be
well drained. The seedbed should be properly established but
with a minimum of tillage after plowing. Top quality seed,
preferably certified, should be planted and inoculum should
be used.
“The field should not be a ‘problem weed patch.’
It should reflect the effects of your total weed control
program in your overall rotations. Where insects and
disease are problems, they will have to be controlled. Soil
test information for pH, phosphorus and potassium should
reflect an adequate nutrient level for high yields. Magnesium,
calcium and sulfur, the three secondary nutrients, as well as
manganese and other micronutrients, must be supplied in
many areas to insure top production” (Continued). Address:
Senior Research Assoc. and Supervisor, Crop Physiology
Research, International Minerals and Chemical Corp.
1751. Army, Thomas J.; Isleib, D.R. 1967. The system
concept for increasing yields (Continued–Document part II).
Soybean Digest. Sept. p. 38, 40-41.
• Summary: (Continued): “Remember, a 100-bushel soybean
crop will contain in the leaves, stems and beans about 370
pounds of nitrogen (N), 100 pounds of phosphorus (P2O5)
and about 240 pounds of potash (K2O). The average soils
will supply only about 20 pounds of P2O5 and 120 pounds
of K2O. Without proper fertilization, maximum returns
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from an otherwise efficient production system will be
unobtainable. The REGIM-8 system necessitates an adequate
fertilization program.
“Dr. Isleib, who is in charge of our cooperative research
and field testing program for the REGIM-8 system that,
we believe, can materially increase yields and profit, will
discuss, the details and the present ‘state of the art.’
“Two distinct REGIM-8 systems have evolved, one for
northern indeterminate type soybeans and one for southern
determinate types. Research and development have been
more intensive in the North than in the South. Hence, we
have greater insight of northern-type beans than of southern
types. Southern beans and northern beans must be considered
as two separate entities when discussing management
systems. First, let’s look at northern types.
“The narrow-row, high-population, REGIM-8 concept
for northern beans includes row spacings from soliddrilled to 30 inches. As row width is reduced, the time to
obtain complete ground cover is reduced. This is desirable
because solar energy interception is maximized early in
the growth of the crop–bare ground between rows does not
contribute to photosynthesis. Furthermore, early ground
cover helps materially to shade out weed seedlings. We are
very optimistic about row widths (drilled or planted) less
than 20 inches. However, we are well aware that at today’s
technological level management practices such as weed
control and spraying may dictate use of rows up to 30 inches.
Compatibility of equipment between various farm enterprises
(corn and soybeans, for example) may also be very important
in determining row width.
“The optimum soybean population appears to be around
175,000 to 200,000 plants per acre. In drilled beans this
means three to four plants per foot of row, seven to eight
plants per foot in 20-inch rows, and 10 plants per foot in
30-inch rows. We have yet to increase yields significantly
by doubling populations from conventional high densities
of about 200,000 plants to extremes of 300,000 and 400,000
plants per acre. We are, however, exploring high-population
plantings in conjunction with rather high, actually excessive,
levels of growth-regulating chemicals.
“Final Stands Important: It does not seem sufficient to
describe planting rates in terms of pounds, bushels, or pecks
per acre. Final plant stands are particularly important in the
REGIM-8 system–low populations simply do not respond
well to TIBA. We are, therefore, eager to encourage the use
of more specific descriptions for soybean populations such as
those now accepted in corn management. The development
of so-called thin line varieties makes these distinctions
especially important. Our experience suggests that 175,000
to 200,000 plants per acre are adequate–the higher level
for thin-line varieties and the lower level for larger, bushier
types.
“The task of studying REGIM-8 x narrow row x variety
interactions has just begun. In fact, it will be a never-ending

task! With emphasis on variety selection for the narrow-row
environment, we expect to see many new ‘thin line’ varieties
in the next 5 years. However, our studies have shown that
several popular northern varieties respond favorably to
REGIM-8 and narrow rows. These are Harosoy, Hawkeye,
Wayne, Clark, Ford, Amsoy and Hark. Chippewa appears
to be more sensitive and variable than most varieties. While
this variety performs well in narrow rows, it has responded
unpredictably to REGIM-8. Thus we are certain that variety
interaction exists and that we must be selective in the variety
components of the REGIM-8 system. Furthermore, since this
growth regulant tends to hasten maturity, we suggest that
full-season varieties should be used. Specific selection must
be made with regard to local adaptation.
“Lodging was mentioned earlier. As fertility levels are
improved and as plant populations are increased in drilled or
narrow-row culture, we expect lodging problems to increase.
TIBA reduces plant height and increases early pod set at the
lower nodes. This combination of effects materially reduces
lodging. Antilodging effects of TIBA have, in fact, been
striking. This fortuitous result should contribute significantly
to yield in years when precipitation and temperatures are
conducive to lodging.
“Even without lodging, there is a direct yield increase
with REGIM-8. This is the result of a change in balance
between vegetative and reproductive growth. TIBA-treated
plants flower more profusely, set more pods at lower nodes,
and produce less stem and leaf tissue. Leaf configuration is
changed, orientation is more vertical and the lower leaves
are less shaded. It appears that more of the product of
photosynthesis is directed toward seed production than in
unsprayed beans, and that photosynthetic efficiency of the
crop community is improved. However, we often note a 5%
to 10% reduction in seed size suggesting that we need to
improve photosynthetic efficiency even further.
“By directly and indirectly increasing bean yields,
we believe that the narrow row REGIM-8 system can be
expected to outyield conventional culture by 10% to 26%.
One experiment station worker has reported a yield increase
of 40%.
“Results from studies conducted in Indiana, Illinois,
Iowa, Nebraska and Minnesota since 1962 are summarized
in table 1. The yields are expressed as percent of yield
in conventional 38- and 40-inch rows without TIBA. All
available comparisons were included except those where
obvious overdoses off the chemical occurred or where
extremes in other variables such as weeds rendered the data
unreliable.”
Table 1 goes here.
“Proper Use Important: Proper use of this growth
regulator is vital to the system. The IMC formulation,
REGIM-8, contains 2½ ounces of TIBA per pint. This
is enough for 5 acres. We believe that ½ ounce of active
material per acre is adequate and have recommended this
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level on our label. REGIM-8 includes a surfactant and is
intended when diluted with water for spraying at an overall
rate of 20 gallons per acre. This means that the spray boom
should produce a flat coverage at the top of the leaf canopy,
and that rows and middles will be sprayed alike.
“We hope to have information on low volume
application (both ground and air) in the near future.
At present, we feel that the data on 20 gallons per acre
application supports this spray volume.
“Application must be made when about 10% of the
plants show their first bloom, or during the following 7 days.
Earlier sprays may reduce growth too much, cause excessive
branching and reduce yields. Later sprays may be ineffective.
“Most absorption of TIBA occurs within 4 to 8 hours
after application. Rain sooner than 4 hours may wash some
TIBA off the leaves, but it is not possible to estimate how
much is removed. Hence we do not recommend respraying
in such instances” (Continued). Address: Senior Research
Assoc. and Supervisor, Crop Physiology Research,
International Minerals and Chemical Corp.
1752. Army, Thomas J.; Isleib, D.R. 1967. The system
concept for increasing yields (Continued–Document part III).
Soybean Digest. Sept. p. 38, 40-41.
• Summary: (Continued): “Normal REGIM-8 response
is first seen as a drooping of petioles at the point of stem
attachment. Later, new growth is more vertical, leaves are
narrow and wrinkled, and height is reduced. Yield responses
have been best with a 15% to 20% height reduction. Pod set
is lower than normal on sprayed plants, but low pod set is
compensated for by increasing the number of plants per foot
of row. Crowding will tend to result in lengthening the first
internodes and this automatically raises the pods off of the
ground.
“We do not anticipate harvesting problems because of
lower pod set. We do, however, expect you to use proper
harvesting techniques. Combine early to reduce shattering
losses–synchronize your ground and reel speed so that all the
beans reach the hopper. ‘Cut ‘em low and cut ‘em slow’ was
the recommendation of the champions!
“In summary, the past 5 years of experiments with
northern beans suggest a favorable yield response in 70% of
all applications where proper rates are applied. There are still
some unanswered questions regarding the timing of TIBA
with regard to irrigation schedules. By and large, however,
we expect the REGIM-8 narrow row system to outyield
conventional culture by up to 25% and to exceed narrow row
unsprayed beans by 10% to 15%.
“Southern Soybeans: Our experiences with southern
beans are somewhat limited. Timing and rates on southern
beans are still under intensive experimental study. It is
certain, however, that spray application, will have to
precede flowering by 6 to 8 weeks. Rates will probably be
comparable to those for northern beans. Also narrow rows

may be less desirable when the very large southern bean
types are involved. Our best responses to date suggest more
modest yield responses in the 10% to 15% range. We remain
optimistic, and we are anxiously waiting to see the 1967
results from North Carolina, Mississippi, Georgia, Florida,
and Arkansas.
“The work in progress is authorized by a temporary
permit of the federal government with 1-year duration.
We hope to have registration for use on northern beans for
seed in 1968, and for unrestricted use on northern beans
in 1969. We should have a temporary permit for farm
cooperator work on southern beans in 1968, and possibly
full registration for southern beans by 1969 if all goes well.”
Address: Senior Research Assoc. and Supervisor, Crop
Physiology Research, International Minerals and Chemical
Corp.
1753. Caldwell, Billy E. 1967. Engineering soybean
varieties. Soybean Digest. Sept. p. 34-35.
• Summary: “Soybean yields have increased about 50%
since 1930-39. Average production for 1930-39 was 16.1
bu/a, and from 1957-66, it was 24.1 bu/a. During this period
more than 50 U.S. and about a dozen Canadian varieties
were or are about to be released. Yields of 90 bu/a from
these varieties have been reported. In addition to increasing
production, there are many cases where these varieties
have prevented a completed crop failure. For example,
Phytophthora root-rot resistant lines, released in the Midwest
and Delta areas, have reduced the hazards of crop losses in
the areas where the Phytophthora rot organism is present.
Recently, yellow-seeded varieties, Pickett, Dyer, and Custer,
resistant to the cyst nematode were released.
“Neither the production data nor the number of varieties
released should give anyone the desire to sit back and relax.
There is much to be accomplished in all facets of soybean
production. It is imperative that we strive for better-yielding
varieties.
“Soybean varietal development takes from 12 to 15
years, from the time two parents are crossed until the final
evaluation and release. In this presentation we shall examine
several major facets of soybean varietal development. We
shall relate the role of the plant breeder and his co-workers,
the pathologist, entomologist, and the soil scientist, in
developing a variety, to that of the architect and contractor in
building a large complex building.
“When the plant breeder and associates are assigned
the task of developing a variety, they do exactly the same
as anyone constructing a building. They begin to develop
design criteria. They examine the building site and consider
the location and physical properties of the soil. Because
soybeans are sensitive to the length of light and dark periods,
the area of adaptation is important in choosing the parents.
With properly chosen parents a variety adapted to the desired
area can be developed. However, in many cases, one or both
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of the parents are not adapted and an intermediate type may
have to be developed.
“Knowledge of the physical properties of the soil is
again necessary in selecting the proper parents. A fine sandy
soil requires a different plant type from a silty loam. Other
factors such as nutrient balance–i.e., extremely high or
low levels of any of the minor or major elements–must be
examined.
“In addition to being the anchor and support of the plant,
the root system performs other vital functions. Some of these
are:
“1–Site of nitrogen fixation. The nodulation bacteria
Rhizobium japonicum, working symbiotically with the
plant takes nitrogen from the air and converts (“fixes”) it
into a usable form. The amount of nitrogen thus obtained
is unknown, but estimates as high as 40% are common.
It may be higher. The amount obtained through nitrogen
fixation may vary, depending on the soil and environmental
conditions. There is the requirement for the addition of lime
when the soil is too acid.
“2–Resistance to pests. Organisms in the soil
antagonistic to the root system must be considered. In many
areas, incorporation of the resistance to Phytophthora root rot
is a necessity. Brown stem-rot resistance or cultural methods
to control the organism must be found. Cyst-nematoderesistant varieties must be available in areas where this pest
is a problem. In many cases, a variety must be developed
with resistance to more than one pest. This makes his job
more difficult. Remember, we still have the No. 1 design
criterion of a high-producing plant, and as additional criteria
are added, the effectiveness of reaching the No. 1 object is
diluted.
“3–Nutrient and water uptake. The root system must
be one that can provide as much water and nutrients as the
plant needs. Therefore, a vigorous and active root system is
required.
“With the foundation specifications described, the
above-ground portion can be designed. First, it is necessary
to obtain a variety that will emerge rapidly from 2 or 3 inches
and provide a healthy plant. In the design, the central tower
is most important, because within this are all the facilities for
the movement of food and water. The plant should be upright
and tall enough to permit easy harvesting. Here resistance to
certain diseases that interfere with nutrient movement in the
plant is also a factor.
“Now, let’s consider the part of the ‘building’
surrounding this ‘superstructure.’ Referred to as the
canopy, it includes petioles and leaflets on the main stem,
or branches which give the plant its shape. The leaves are
the site of much activity. The leaves capture and transform
radiant energy (sunlight). This energy is utilized through
photosynthesis to form sugar. Sugar is converted into plant
parts through growth and differentiation. Therefore, a canopy
that will intercept and utilize efficiently this energy from the

sun is desirable.
“In the photosynthesis process carbon dioxide [CO2] is
required. The plant that is developed should also be efficient
in utilizing the CO2. Maximum penetration and use of both
radiant energy and CO2 are essential criteria for the canopy.
More research on the role and interactions involved is
needed. As this information becomes available, varieties that
perform better in narrow rows may be developed. However,
we know that in the North, with the use of currently released
varieties, yield can be increased by using narrow rows. The
results of narrow-row experiments have been reported in the
last several issues of the Soybean Digest.
“To insure maximum utilization of leaf area and
photosynthetic products, resistance to the foliar diseases
must be incorporated into the new varieties. Leaf diseases
now causing the greatest losses are bacterial blight, bacterial
pustule, and downy mildew. Brown spot, often severe early
in the season, causes loss of some of the lower leaves. These
foliar diseases not only decrease the photosynthetic area but
also utilize many of the products from photosynthesis.
The next design criterion is ‘interior decorating.’ No
building is satisfactory unless it has a maximum number of
rooms properly decorated. We are here concerned with the
seed, especially number and size. We want the maximum
number and to hold them in the pods until harvest time. We
also want a good quality yellow bean. Normally, a yellow
bean is easily obtained unless, as with the cyst nematode,
a needed factor (resistance) is closely related to the black
seed character. It was necessary to look at thousands of
plants to find the one that was resistant to nematodes and
which was yellow-seeded. The quality characteristic is more
difficult. Consideration must be given to resistance to several
organisms such as those causing pod and stem blight, and
purple stain.
“We are also concerned about what goes into these
seed. Maximum oil and protein percentages are desired.
But problems arise. As the percentage of either of these
components increases, the percentage of the other usually
decreases. Efforts must be made to find a maximum for both.
However, here again we do not wish to sacrifice our No. 1
criteria–yield. In recent years we have become concerned
about the components of oil (the fatty acids) and proteins
(the amino acids). We have long been concerned about the
unsaturation of soybean oil. We need lower linolenic acid
levels to improve oil stability. High lysine corn has caused
concern over the protein. For several years we have been
searching for higher methionine, the limiting amino acid
in soybeans. Let’s now look at what we envision for the
future. Our biggest aim is to develop high-yielding varieties.
Such varieties will be resistant to many root, leaf, and seed
organisms previously discussed. New varieties will be more
specifically adaptable. Growers will also have to consider
not only day-length adaptability but row width, soil type,
and perhaps specific modulation bacteria inoculum as well.
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Types will be developed that are more erect for production in
narrow rows.
“There will be more concern for chemical composition.
Varieties with greater percentage protein with an acceptable
oil percentage will be released. Attempts to change the fatty
acid and amino acid content of the oil and protein will be
made. The goal will be less saturation and a better balanced
protein. These factors will increase use, and they will expand
markets for both oil and protein.
“What about the buyer of this variety we have
developed? No real estate broker buys a building unless
he investigates its value and productiveness. For growers
of soybeans to make the maximum from their investment,
they must know what they are buying–its requirements and
its productive potential. In the future, the soybean grower
must carefully analyze all the factors needed for a maximum
return on his investment.
“Finally, a remarkable and sophisticated building can be
designed, built, and sold, but without an effective manager,
no profit will be made and soon the building is in a rundown
condition. You note I said earlier, that in the future, varieties
would be released with a higher yielding potential. These
varieties will only reach this potential if they are managed
properly. The manager must use the best fertilization, row
width, weed control, and harvesting practices.
“In 1966 the National Soybean Crop Improvement
Council conducted a survey of 135 of America’s top soybean
growers. The average yield for these growers for their 1966
crop was about 41 bu/a. Compare this with the national
average of 25.4. The effect of management is obvious. These
growers thought that the factors which contributed to their
success were: fertilization, weed control, better soil, narrow
rows, and better varieties.
“I think it is obvious that we who are conducting
research need to provide the soybean grower with better
varieties and management ‘know-how.’ However, until the
producer puts as much effort as possible into maximum
production, the task will remain half-finished.”
A portrait photo shows Billy Caldwell. Address: Leader,
Soybean Investigations, Crops Research Div., Agricultural
Research Service, U.S. Dep. of Agriculture, Beltsville,
Maryland.
1754. Poskuta, G.; Nelson, C,D.; Krotkov, G. 1967. Effects
of metabolic inhibitors on the rates of CO2 evolution in
light and in darkness by detached spruce twigs, wheat, and
soybean leaves. Plant Physiology 42(9):1187-90. Sept. [12
ref]
• Summary: “Detached spruce twigs, wheat and soybean
leaves were infiltrated with various metabolic inhibitors,
placed in a closed system in CO2-free air and the amounts
of CO2 evolved in either light or darkness were determined
with an infra-red CO2 analyzer. In light, metabolic inhibitors
always greatly suppressed evolution of CO2, the magnitude

of suppression varying between 50 to 80% of that without
an inhibitor. This depressing effect became less pronounced
with increasing oxygen... These observations have been
taken as further support for a conclusion made earlier,
that evolution of CO2 in light and darkness is not the
same process.” Address: Dep. of Biology, Queen’s Univ.,
Kingston, Ontario, Canada.
1755. Hartwig, E.E. 1967. Soybean cyst nematodes: A
problem and a solution. Soybean News (NSCIC) 19(1):3-4,
6. Oct.
• Summary: “In 1954, cyst nematodes were recognized
as a problem on soybeans in southeastern North Carolina.
Prior to this date, cyst nematodes had been recognized as a
pest of soybeans only in northern Japan and localized areas
of Manchuria. In March 1956, North Carolina imposed a
quarantine on the movement of soil, plant parts, machines,
and other materials that might spread the infestation.
“A heavy infestation of cyst nematodes can virtually
destroy a soybean crop. Crop damage in a field is usually
spotty in nature. Coarser textured soils are usually associated
with more severe crop damage. Heavily infested soybean
plants are stunted and in some cases will appear chlorotic.
Nodulation will be sparse and under some conditions absent.
The cyst of the soybean cyst nematode is the egg-filled
carcass of a female. It is highly resistant to decay and will
remain viable in the soil for many years.
“The cyst nematode was recognized as a problem in
west Tennessee in 1956. By June 30, 1961, the Plant Pest
Control Division of the Agricultural Research Service,
USDA, had recognized the soybean cyst nematode as being
in 37 counties of the 8 states: North Carolina, Virginia,
Tennessee, Kentucky, Illinois, Missouri, Arkansas and
Mississippi. The area involved approximately 60,000
acres. Quarantine regulations were established to prevent
movement from the known areas of infestation.
“Shortly after the soybean cyst nematode was identified,
research workers from the Crops Research Division,
Agricultural Research Service, and the State Experiment
Stations initiated a program to develop methods to combat
this newly recognized hazard. Studies with crop rotation
systems and fumigation practices were conducted in North
Carolina, Tennessee, and Arkansas. Fumigation did not
appear economically feasible, but relatively short rotation
systems proved to be effective. However, soybean growers
did not readily accept suggested rotation practices.
“After preliminary studies were conducted on
techniques for evaluating the development of cyst nematodes
on soybeans, C.A. Brim and J.P. Ross made a field planting
on infested soil near Wilmington, North Carolina, of
approximately 3,500 soybean strains from the germ plasm
collection. In making this evaluation, a glabrous and
highly susceptible soybean strain developed at Stoneville,
Mississippi, was planted in a row 6 inches from the strain
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to be tested. Since nearly all soybean strains are pubescent,
the glabrous plants could be distinguished easily and were
checked for cyst development whenever the germ plasm
strain appeared to be free of cysts or had a low reading. By
this method, areas of low cyst population could be identified.
Strains appearing to possess resistance were immediately
replanted for rechecking in North Carolina and were planted
in the greenhouse at Jackson, Tennessee by J.M. Epps to
determine reaction to the Tennessee isolate of the nematode.
From these plantings only two black-seeded types, Peking
and PI 90763, were found to be highly resistant. The brownseeded variety Ilsoy was moderately resistant.
“After the first readings were made in North Carolina in
early June of 1957, the several types that appeared resistant
were planted at Stoneville, Mississippi. Crosses were made
with good agronomic varieties and breeding lines of maturity
groups IV, V, and VI. These crosses served as the starting
point for breeding programs to transfer resistance to adapted
varieties and genetic studies of the inheritance of resistance
conducted at the North Carolina Agricultural Experiment
Station.
“Resistance proved to be more complex in inheritance
than originally anticipated. B.E. Caldwell estimated that the
variety Peking had three major recessive genes for resistance.
The homozygous condition was necessary to give complete
resistance. Additional studies by the late L.F. Williams and
Arnold Matson at Missouri showed that one of the major
recessive genes was linked with seed coat color and that
another dominant gene pair was necessary for resistance.
This means that in a cross of resistance x susceptible only
1 plant out of 256 could be expected to have as high a
degree of resistance as the Peking parent. The objective
of developing a resistant yellow-seeded variety was even
more difficult to obtain, because of the close linkage of coat
color with one of the genes for resistance. Efforts to develop
adapted resistant varieties were divided among workers.
C.A. Brim and J.P. Ross concentrated their efforts in North
Carolina on transferring resistance to a Lee type. E.E.
Hartwig and J.M. Epps, working at Stoneville, Mississippi,
and Jackson, Tennessee, concentrated on transferring
resistance to a Hill type. L.F. Williams and Arnold Matson,
working in Missouri, gave major emphasis to transferring
resistance to Scott. Backcross programs were utilized. In
the early phase of each program, all resistant selections had
black seeds. Finally in 1963, almost simultaneously yellowseeded resistant types were obtained in each program.
“The types found to be resistant in the germ-plasm
screening program were poorly adapted to the infested areas
and were not well suited for studies on the effect of growing
resistant varieties upon nematode population in the soil. To
provide information on this point and other management
problems, a black-seeded, cyst-resistant Lee type designated
NC55 was increased. To make seed stocks more rapidly
available, the facilities of the Federal Experiment Station

at Mayaguez, Puerto Rico, were utilized. Soybean varieties
similar to Lee would make very little growth and would
produce low yields in a winter planting in Puerto Rico.
Excellent growth and seed production were obtained by
providing light over the planted area for a short period
about midnight during the first 6 weeks of growth. Twelve
pounds of seed available in the fall of 1962 were increased
to approximately 1,000 pounds for field evaluation in 1963.
Field plantings with resistant soybeans show that the cyst
nematodes do not reproduce on these types. Nematode
populations in the soil drop as rapidly as where non-host
crops such as cotton or corn are grown.
“Because of failure to find a yellow-seed, cyst-resistant
type after the third backcross with Lee as the recurrent
parent, a white-flowered, gray-pubescent Lee type was
substituted for the recurrent parent for the fourth backcross. Flower color or pubescence color do not appear to be
associated with cyst resistance, but a yellow-seeded, cystresistant F4 line was obtained from this cross. Approximately
12 pounds of seed were planted at the Federal Experiment
Station at Mayaguez, Puerto Rico, in the fall of 1964. The
area was lighted in a manner similar to the planting of NC55.
Excellent yields were obtained, permitting Foundation Seed
Stocks organizations in North Carolina, Virginia, Tennessee,
Missouri, and Arkansas to receive approximately 300 pounds
of seed for increase plantings in 1965. This variety was
designated Pickett. Pickett is more susceptible to the disease
phytophthora rot than Lee, but phytophthora rot is primarily
a problem of heavy clays, whereas cyst nematodes are most
troublesome on light sandy soils.
“Two additional varieties have been named and are
being increased in 1967. Custer is similar to Scott and is of
group IV maturity. Custer is resistant to phytophthora rot
as well as cyst nematodes but is highly susceptible to rootknot nematodes. Custer was developed from the Missouri
breeding program. Seed is being increased in Missouri
and Illinois. It is adapted to the Northern range of cyst
infestation.
“Dyer is a type similar to Hill but slightly later
in maturity. Dyer, like Pickett, is more susceptible to
phytophthora rot than Hill, but combines good resistance
to the common root-knot nematode with resistance to cyst
nematodes. The breeding work for Dyer was conducted at
Stoneville, Mississippi, and Jackson and Ridgely, Tennessee.
Stoneville is outside the quarantine area, thus requiring
all screening of segregating material to be conducted in
west Tennessee. Seed is being increased in Tennessee and
Missouri” (Continued). Address: Research Agronomist,
Crops Research Div., Agricultural Research Service, USDA,
and Delta Branch of Mississippi Agric. Exp. Station,
Stoneville, Mississippi.
1756. Mitchell, Roger L. 1967. What’s this crop called
soybeans? World Farming 9(10):26-27. Oct.
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• Summary: Reprinted from Soybean Digest. Contents:
Introduction. Root growth different. Leaf arrangement
modified. Plant is light sensitive. Hybrids not likely. Plant
development interesting. Sensitive to moisture needs.
Diseases can be serious. Summary. Address: PhD, Iowa State
Univ.
1757. Hanway, John J.; Thompson, Harvey E. 1967. How a
soybean plant develops. Iowa State University, Cooperative
Extension Service, Special Report No. 53. 18 p. Nov. With
many excellent color photos.
Address: Profs., Agronomy Dep., Iowa State Univ.
1758. Shumate, W.H.; Reid, H.B.; Hamner, K.C. 1967. Floral
inhibition of Biloxi soybean during a 72-hour cycle. Plant
Physiology 42(11):1511-18. Nov. [14 ref]
• Summary: “The inhibitory effect of light interruptions
given during the photophobe phases of a 72-hour cycle
was studied with Biloxi soybean... The basic 72-hour
cycle consisted of 8 hours of light followed by 64 hours of
darkness and was repeated 7 times. Supplementary white
light treatments given at the twenty-fourth and/or fortyeighth hour of the cycle (photophil phases) promoted the
flowering levels of the controls and kept light treatments
given at the most inhibitory points from inhibiting flowering
completely...” Address: Dep. of Botanical Sciences. Univ. of
California, Los Angeles. California 90021.
1759. Leggett, J.E.; Gilbert, W.A. 1967. Localization of the
Ca-mediated apparent ion selectivity in the cross-sectional
volume of soybean roots. Plant Physiology 42(12):1658-64.
Dec. [28 ref]
• Summary: “A major portion of the calcium in a soybean
root appears to be in less than 10% of the root volume.
Specifically, Ca is considered to be almost entirely localized
in the epidermal cell layer. This relationship was established
from consideration of rates and extent of ion absorption and
ion interactions during the absorption process.
“Presence of calcium at the root-solution interface was
associated with a change in the apparent selectivity of K
over Mg by soybean roots. Accumulation of calcium by
soybean roots was negligible.” Address: Mineral Nutrition
Lab., USDA, Agriculture Research Service, Service, Soil and
Water Conservation Research Div., Plant Industry Station,
Beltsville, Maryland 20705.
1760. Stefansson, B.R. 1967. Reply to questions re soybeans.
In: Proceedings of the Annual Conference of Manitoba
Agronomists. See p. 26. Held 19-20 Dec. 1967.
• Summary: “Attempts to grow soybeans on a commercial
scale in Manitoba have been made intermittently during the
last 30 to 40 years. Mature soybeans have been produced
by several growers but yields have been low and significant
commercial production has not developed. The principle

reasons for low yields probably are climatic factors such
as the short growing season, long day length during the
summer, and relatively low temperatures especially in the
early part of the growing season.
“The soybean is a short day plant. Consequently,
the crop requires a longer time to mature in long than in
short days. Varieties which will mature satisfactorily at
Minneapolis, Minnesota may not even flower when grown
near Winnipeg. Only the earliest group of varieties (Group
00) will mature in Manitoba. Consequently, growers are
limited to relatively short, low yielding varieties...
“In Manitoba temperatures in the end of May and in
June are much below the optimum required for growth of
soybeans. Consequently, early growth is poor, the crop
usually gets a slow start and weeds often get ahead of the
crop. Several soybean breeders have searched for soybean
strains which would grow more rapidly at relatively low
temperatures but only minor improvements have been found.
Since there appears to be no prospect of major increases
in yield (50 to 100%) through improved varieties or better
cultural practices, I do not think that significant commercial
production of soybeans is likely to develop in Manitoba.”
Address: Plant Science Dep., Univ. of Manitoba, Winnipeg,
MAN, Canada.
1761. Hoskins, R.W. 1967. Alteration of spot frequency
in heterozygous seedlings of Glycine max (L.) Merrill
(soybean) by radiation. MSc thesis, Ohio State University. *
1762. Small, H.G., Jr.; Sherbeck, T.G.; Bauer, M.E.;
Ohlrogge, A.J. 1967. Cobalt in soybean grain production.
Agronomy Journal 52:564-66. *
1763. Martin, John H.; Leonard, Warren H. 1967. Principles
of field crop production. 2nd ed. New York, NY: The
Macmillan Co. ix + 1044 p. Illust. Index. 24 cm. First ed.
1949. [53 ref]
• Summary: Chapter 26 (p. 643-62) is titled “Soybeans.” Its
Contents: Economic importance. History of soybean culture.
Adaptation. Botanical description. Varieties. Chemical
composition. Rotations. Cultural methods: Fertilizers,
Seeding practices, harvesting for seed, harvesting for
hay, soybean mixtures. Soybean-oil extraction. Quality of
soybean oil. Soybean utilization. Diseases: Bacterial blight,
bacterial pustule, wildfire, brown stem rot, stem canker,
pod and stem blight, frog-eye leaf-spot disease, brown
spot, target spot, downy mildew, mosaic, other diseases.
Nematodes (tiny eelworms). Insect pests. Rabbits.
The section titled “History of soybean culture” begins:
“The soybean is one of the oldest of cultivated crops. Its
early history is lost in antiquity. The first record of the plant
in China dates back to 2838 B.C. (McClelland & Cartter
1937; sic, Morse & Cartter 1937). It was one of the five
sacred grains upon which Chinese civilization depended.”
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Kudzu (Pueraria thunbergiana or P. lobata) is discussed
on pages 719-21. It probably occupied 500,000 acres in the
USA by 1945. Address: 1. Formerly Research Agronomist,
Agricultural Research Service, USDA; 2. Late Prof. of
Agronomy, Colorado State Univ.
1764. McKie, J.W. (Bill); Anderson, K.L. 1967. The soybean
book. State College, Mississippi: W.R. Thompson and
Associates. iv + 196 p. Illust. Index. 23 cm. Summarized in
Soybean Digest, April 1967, p. 45.
• Summary: Page II: Dedication. This book “is dedicated to
Dr. E.E. Hartwig.
“Had it not been for Dr. Hartwig’s breeding and
selection work on soybeans, they would not be the major
crop in the South today bringing in hundreds of millions of
dollars extra to agriculture.
“I don’t know how he feels about his world-wide
contributions, but I do know how the farmers and everyone
connected with agriculture feel. If ever a man can say to
himself and the world, ‘I’ve done my job well,’ Dr. Hartwig
can.
“As better soybean varieties are developed for the South,
Dr. Hartwig will contribute to their development.
“We don’t ever question any soybean information on
varieties put out by Dr. Hartwig. Everyone connected with
agriculture appreciates his contributions and never ending
efforts.
We say, ‘Thank you, Dr. Hartwig.’
A portrait photo shows Dr. E.E. Hartwig.
Page III: “Preface:
“Have you wanted a soybean dictionary that tells all the
practices to get high yields? Well, here it is for your use.
“This book starts off with land selection for soybeans,
the land not to use and lime and fertilizer needed to get top
yields.
“The varieties to plant, seeding rates, dates to plant,
along with the weed control practices to use is outlined and
easy to read.
“Soybean production was once 15 bushels average per
acre. This is not profitable. You need 35 to 50 bushels per
acre and can get it if you’ll follow this book.
“There isn’t a soybean worker in the South who knows
about soybean production as Bill McKie does, and K.L.
Anderson has helped him with land selection, liming, and
fertilizer to use. There are certain practices to carry out in
soybean production and these are outlined to get top yields.
Bill McKie knows his program and has pushed and sold it.
“The Mississippi Soybean Association is proof of his
organizational work and the interest of the followers.
“One of the secrets of Bill McKie’s and Kelton
Anderson’s success in this work is that they work hard and
have a close working relationship with the research people.
Bill has followed Dr. E.E. Hartwig’s recommendations on
varieties and cultural practices and Dr. Chester McWhorter’s

recommendations on chemical weed control and the others
doing soybean work. When he finds something that will
increase soybean production, he uses it.
“I don’t know of a question that can be asked about
soybean production which isn’t answered in this book.
Farmers are always telling me, ‘I want information which is
to the point and not make me make a selection or choices too
much.’ This book gives short answers to production practices
for high yields.
“Soybeans are grown on more acres than any row crop
and can be our highest cash crop. All the work can be done
with machines and chemicals.
“This soybean book contains every detail of information
to make high yields of beans every year.
“It doesn’t matter whether you’ve produced soybeans
for 10 years or one year or have never grown soybeans, this
book will be your guide.
“W.R. Thompson, Leader Extension Agronomy.
Contents: History of Soybeans. Situation. Outlook. Soil
Selection. Clearing Soybean Land. Varieties. Row Spacing.
Preplanting Cultivation. Planting Equipment. Planting Dates.
Depth and Rate of Planting. Inoculation. Seed Treatment.
Soybean Fertilization. Molybdenum for Soybeans. Minor
Nutrients. Fertilizer Placement. Liquid Mixed Fertilizer.
Fall Application of Fertilizer. Weed Control. Pre-emergence
Herbicide. Costs of Soybeans. Soybean Herbicides.
Promising Chemicals. Cross Cultivation. Fall Application
Treflan. Weeds in Soybeans. Crotalaria in Soybeans.
Summer Fallow. Soybeans on Pasture Land. Mulch Planting.
Soybeans on New Land. Soybeans in Skip Row. Cotton
Irrigation. Response of Soybeans to. Growth Regulator
Soybean Yield estimates. Soybean Insects. Soybean
Diseases. Economics of Soybean. Production Harvesting.
Proper Combine Setting. Foreign Material. Storage.
On-Farm Drying. Marketing. Grades. Uses of Soybean
Products. Soybean Terms. New Soybean Food Products.
Soybean Production and Export Facts. American Soybean
Association. Equipment That Works Well in Soybean
Production. Soybean Facts. The section titled “History of
Soybeans” (p. 1) begins: “The soybean has been known to
man for over 5,000 years. Its history dates back before the
time of written records. A native of Asia, the soybean was
first referred to in an early book written by the Chinese
Emperor Shen Nung in 2448 B.C. The name of ‘soja max’
is the name used for soybeans in the orient, and when first
grown in the United States, they were called soya beans.”
Note: This is the earliest document seen (June 2003) that
gives the date of Emperor Shennong’s book as 2448 B.C.
“The soybean was first brought to the United States
around 1800... Early records refer to the soybean as ‘Japan
pea,’ and later the ‘American Coffee Bean,’ for during
the war between the states, they were used as a coffee
substitute.”
Page 32: “Inoculation: Soybeans will produce their
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own nitrogen from the air if properly inoculated with nodule
bacteria. Inoculate soybean seed before planting if it has
been more than 5 years since soybeans were grown on a clay
soil. Some authorities feel that on sandy soil inoculation
should be done if 3 years have passed since soybeans
were grown on a field. If there is any doubt as to whether
inoculation is needed, only a small cost is involved and it
is better to inoculate, it is usually advisable not to apply a
fungicide seed treat-nodulation of soybean plants.
“Do a thorough job of applying bacteria to soybean seed
and keep the inoculated beans out of the sun until planted.”
Photos at the front show: (1) J.W. (Bill) McKie. (2) K.L.
Anderson. (3) Dr. E.E. Hartwig. There are countless photos
and illustrations throughout the book. Address: 1. Soybean
specialist; 2. Soil and fertility specialist. Both: State College,
Mississippi.
1765. Soybean News (NSCIC). 1968. Will the pine tree secret
help soybeans? 19(2):1. Jan.
• Summary: “Planting pine trees in prairie soil was often
a disappointing experience a few decades ago. Most of the
trees just didn’t do well. But a few did, so scientists looked
for the reason. The secret was discovered in the pine roots.
A fungus species was found in roots of thriving trees while
stunted pine were free from invasion.
“Scientists found the ‘healthy’ trees were host to fungi
which entered the roots and developed growth structures
resembling tiny root hairs. The significant and surprising
revelation about the fungus growth was that it functioned as
root hairs in absorbing water and inorganic nutrients for the
tree. As a result of this research discovery. pine trees could
be planted on prairie soils successfully after having been
started in nursery soil containing the specific mycorrhizae
(beneficial fungi). After root invasion occurred, the seedlings
could be transplanted anywhere.
“Recent research investigations have established the fact
that certain fungi similarly affect onions. Scientific curiosity
has led to current research to determine if soybean roots in
specific environments have mycorrhizae comparable to pine
trees and onions. If some soybean plants have been helped
by fungus induced ‘root hairs’ this could help answer a
perplexing problem concerning farmers’ soybean yields.
“Farmers and scientists have noticed definite variations
in yields in most fields which logically must be due to
unidentified factors below the surface of the soil. Areas vary
in yield within a field even when the same variety is planted;
fertilization applications are uniform; and when cultivation,
sunshine, rainfall, temperature, weed control, and harvest
are identical. Thus the yield differences must be due to
something below the soil surface!
“Plant roots grow in an environment influenced
by chemical, physical and microbial factors of the soil.
Factors which affect root growth affect plant growth and
reproduction. Research has been concentrated on chemical

and physical properties of the soil. Much less investigation
has been directed toward the microbial population.
“Five groups of microorganisms exist in the soil–
bacteria, actinomycetes, fungi, algae and protozoa. Bacteria,
the most numerous group in cultivated soils, vary in number
due to fertility, organic matter, and crop rotations. Organic
matter is the main food source for microbes.
“Plant material decays in soil because of microbial
activity. The microbes convert plant residues into minerals
which are nutrients for plant growth and food for microbial
populations.
“The microbes which break down organic material
may influence soybean yields in a quite different manner
than fungi which invade onion and pine roots. Microbial
populations are constantly changing in the soil. Root
systems of plants exist in a changing environment due to
mineralization of organic matter (plant decomposition),
stimulation of certain microbes due to changing food supply,
competition for nutrients, existence or absence of plant
growth-stimulating or plant toxic substances produced by
microorganisms.
“The environmental interaction of plant roots,
microorganisms, organic matter, and minerals may hold the
key to consistent attainment of high soybean yields. Research
scientists are needed to meet the challenge of understanding
how the soybean yield barrier has been broken on many
farms. The trouble is, no one knows how it was done. Really
high yields have been unpredictable. The answer may lie
below the surface of the soil.”
1766. Catsimpoolas, N.; Campbell, T.G.; Meyer, E.W. 1968.
Immunochemical study of changes in reserve proteins of
germinating soybean seeds. Plant Physiology 43(5):799-805.
May. [17 ref]
• Summary: Changes in the reserve proteins of soybean
seeds were investigated by the techniques of disc
electrophoresis and disc immunoelectrophoresis. “Three
different antisera were used in these studies... The major
soybean protein component (11S) is found to be present even
after 16 days of germination, whereas the 7S component
disappears after the ninth day Histochemical observations
of cotyledon sections during germination are also reported.”
Address: Protein Section, Research Lab., Chemurgy Div.,
Central Soya, Chicago, Illinois 60639.
1767. Tattersfield, J.R. 1968. Improvement of Soya bean
varieties in Rhodesia (Abstract). In: Abstracts of papers
presented at the 66th Annual Congress–South African
Association for Advancement of Science. See p. 24. Held
July 1968 at Lourenco Marques, Mozambique.
• Summary: This abstract is based on a lecture presented
to this congress. “Soybeans have been of minor importance
in Rhodesian agriculture to date, one of the reasons being
the poor performance of available varieties. Except for a
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small breeding programme conducted in the 1920’s and
early 1930’s, introductions from other countries have been
relied upon to provide commercial varieties. Most of the
introductions have come from countries of higher latitude
than Rhodesia and, with a few exceptions, have reacted
adversely to the shorter day length. The use of locally
tested strains of Rhizobium japonicum as a seed inoculant
has improved the performance of some introductions and
considerable genotype x strain interactions have been
measured. A breeding programme was initiated in 1963
the principal aims of which are to develop locally adapted
varieties with high seed yields of acceptable quality which
are resistant to lodging and shattering. A modified pedigree
method of selection is being used and two generations a year
are grown, one in Salisbury during summer and the second at
Chiredze, low altitude, frost free site, in the winter.” Address:
Salisbury Research Station, Salisbury, Rhodesia.
1768. Vig, Baldev K.; Paddock, E.F. 1968. Alteration by
Mitomycin C of spot frequencies in soybean leaves. J. of
Heredity 59(4):225-29. July. [28 ref]
• Summary: “The frequency of three types of spots (called
dark-green, yellow and double or twin) increases many fold
with the application of Mitomycin C indicating that at least a
majority of these spots which are located on the two simple
leaves and rarely on the first compound leaf originate due to
somatic crossing over.”
Note: “This report is part of a dissertation submitted by
Dr. Vig in partial fulfillment of requirements for the Ph.D.
degree. Paper no. 744 from the Dep. of Botany, The Ohio
State University, Columbus.” Address: 1. Cytogeneticist,
Children’s Hospital, Columbus, Ohio and visiting assistant
professor of genetics, Ohio State University, Columbus, Ohio
43210.
1769. Wax, L.M.; Pendleton, J.W. 1968. Influence of
2,3,5-triiodobenzoic acid (TIBA) on soybeans planted in
different cultural systems. Agronomy Journal 60(4):425-27.
July/Aug. [10 ref]
• Summary: “Abstract: Field studies were conducted
over a 2-year period at Urbana, Illinois, with two soybean
varieties... to evaluate their response to 2,3,5-triiodobenzoic
acid (TIBA) in various cultural management systems.
“Soybean yields increased as row spacing decreased
from 101.6 to 25.4 cm. Compared to the yield from the 101.6
cm row spacing, the increase was 10, 18, and 20% for 76.2,
50.8, and 25.4 cm row spacings, respectively. The variety
‘Wayne’ outyielded ‘Harosoy 63’ at all row spacings and
TIBA treatments.” Address: 1. Agronomist, Crops Research
Div., Agricultural Research Service, USDA; 2. Prof. of
Agronomy, Univ. of Illinois, Illinois Agric. Exp. Station,
Urbana, IL 61801.
1770. Hardy, R.W.F.; Holsten, R.D.; Jackson, E.K.;

Burns, R.C. 1968. The acetylene-ethylene assay for N2
fixation: Laboratory and field evaluation. Plant Physiology
43(8):1185-1207. Aug. [38 ref]
• Summary: The acetylene reduction assay developed by the
authors is another mechanism for evaluation of N fixation
in soybeans. This assay measures acetylene reduction at
a given instant in time with the assumption of molecular
equivalence to N reduction. The system has limited field use
since numerous measurements must be made to estimate the
amount of N fixed over the growing season.
Application of nitrogen fertilizer usually reduces
nodulation and nitrogen fixation in soybeans. Address:
Central Research Dep., Exp. Station, E.I. du Pont de
Nemours & Co., Wilmington, Delaware 19898.
1771. Brim, C.A.; Schutz, W.M.; Collins, F.I. 1968. Maternal
effect on fatty acid composition and oil content of soybeans,
Glycine max (L.) Merrill. Crop Science 8(5):517-18. Sept/
Oct. [7 ref]
• Summary: “Techniques for rapid analysis of fatty acid
composition and oil content of seeds are now available.
Furthermore, these techniques do not destroy the seeds.
For example, oil content of single seeds can be obtained by
nuclear magnetic resonance spectroscopy without reducing
viability.” The composition can also be determined by gasliquid chromatography.
“It was found that oil content and the fatty acids (oleic,
linoleic, and linolenic) of the oil are determined primarily by
the genotype of the maternal parent. The pollen parent had
little influence on oleic and linoleic acids of seed oil, but in
certain crosses the genotype of the male parent influenced
the linolenic acid fraction...”
Note: This is “Publication No. 511 of the U.S. Regional
Soybean Laboratory.” Address: North Carolina and Urbana,
Illinois.
1772. Fehr, W.R.; Weber, C.R. 1968. Mass selection by
seed size and specific gravity in soybean populations. Crop
Science 8(5):551-54. Sept/Oct. [8 ref]
• Summary: Percent protein is inversely related to seed
yield. Address: Iowa Agricultural and Home Economics
Experiment Station, Ames, IA 50010.
1773. Holm, Robert E.; Abeles, F.B. 1968. The role of
ethylene in 2,4-D-induced growth inhibition. Planta
78(3):293-304. Sept. *
• Summary: “Ethylene and 2,4-dichlorophenoxyacetic acid
(2,4-D) inhibited the growth of etiolated soybean (Glycine
max cv. Hawkeye) seedlings causing tissue swelling and an
increase in RNA, DNA and protein content in the subapical
hypocotyl tissue. 2,4-D increased ethylene evolution from
soybean seedlings and it was found that some of the effect of
this herbicide on soybeans was due to the increased ethylene
production.”
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1774. Kleese, R.A.; Rasmusson, D.C.; Smith, L.H. 1968.
Genetic and environmental variation in mineral element
accumulation in barley, wheat, and soybeans. Crop Science
8(5):591-93. Sept/Oct. [8 ref]
• Summary: Ten varieties of soybeans were grown in 2
years at two locations to assess genetic and environmental
variation in accumulation of 12 mineral elements. Only the
soybean seeds were assayed [tested]. A few of the genotype
x environment interactions were statistically significant but
not most.
In soybean seed, phosphorus, calcium, strontium,
magnesium, and manganese accumulations were highly and
positively correlated. Address: Univ. of Minnesota, St. Paul,
Minnesota.
1775. Klucas, Robert V.; Evans, Harold J. 1968. An
electron donor system for nitrogenase-dependent acetylene
reduction by extracts of soybean nodules. Plant Physiology
43(9):1458-60. Sept. [14 ref]
• Summary: “The catalysis of nitrogen reduction by
extracts of nitrogen-fixing organisms requires an ATPgenerating system and a source of electrons (1, 2, 5, 11,
13). The phosphoroclastic reaction provides both ATP and
electrons for the reduction of nitrogen by cell-free extracts of
Clostridium pasteurianum (2, 5, 13) and ferredoxin functions
as the natural electron carrier from the phlosphoroclastic
reaction to nitrogenase (12). Some evidence has been
reported (2) that borohydride, hydrogen, NADH or NADPH,
in presence of ferredoxin, will serve as a reductant for
nitrogen fixation by the clostridial system.” Address: Dep. of
Botany and Plant Pathology, Oregon State Univ., Corvallis,
Oregon 97331.
1776. Nanda, K.K.; Dhindsa, R.S. 1968. Effect of gibberellic
acid on starch content of soybean (Glycine max L.) and its
correlation with extension growth. Plant and Cell Physiology
(Tokyo) 9(3):423-32. Sept. [6 ref]
• Summary: “The promotive effects of gibberellic acid (GA3)
on extension growth of plants are well known, but its effects
on metabolism are still not well understood.” Address:
Botany Dep., Punjab Univ., India.
1777. Witham, Francis H. 1968. Effect of
2,4-dichlorophenoxyacetic acid on the cytokinin requirement
of soybean cotyledon and tobacco stem pith callus tissues.
Plant Physiology 43(9):1455-57. Sept. [17 ref]
• Summary: “Studies pertaining to the detection, isolation
and chemical characterization of naturally occurring and
synthetic cytokinins have been aided by the utilization of
cultured callus tissues derived from soybean cotyledons
(6, 9, 10, 11, 12) and tobacco stem pith (7, 8, 13, 14).
Both tissues, when exposed to a specific and defined
chemical milieu, require kinetin or another similarly

active 6-substituted aminopurine for continual growth and
maintenance in culture (10). It has also been reported that
numerous structural variants of phenylurea stimulate cell
division in isolated stem pith of tobacco (2).” Address: Dep.
of Biology, The Pennsylvania State Univ., University Park,
Pennsylvania 16802.
1778. U.N.I. 1968. Raising soyabean yields. Times of India
(The) (Bombay). Oct. 10. p. 8.
• Summary: India now has an ambitious programme to
produce 20,000 tonnes (metric tons) of soyabean by 1970.
A new chemical developed in the United States has
increased soyabean yields in field tests by 10-20%. Named
tiba [TIBA = triisobutylaluminum = tri-isobutylaluminum], it
increased the yield of some plots by ½ tonne per hectare.
1779. Buttery, B.R.; Buzzell, R.I. 1968. Peroxidase activity
in seeds of soybean varieties. Crop Science 8(6):722-25.
Nov/Dec. [18 ref]
• Summary: “Varieties of soybean... were separated into
two main groups on the basis of high or low peroxidase
activity in the seed coat. Differences in peroxidase activity
were detected following electrophoresis of extracts on
polyacrylamide gel and by quantitative determinations.”
Address: 1. Soybean Physiologist; 2. Soybean Breeder. Both:
Research Scientists, Canada Dep. of Agriculture, Research
Station, Harrow, Ontario.
1780. Byth, D.E. 1968. Comparative photoperiodic responses
for several soya bean varieties of tropical and temperate
origin. Australian J. of Agricultural Research 19(6):879-90.
Nov. [9 ref]
• Summary: Investigations of the potential of soya beans
in subtropical Australia (south-eastern Queensland) have
been underway for several years. Two tests of a number of
soya bean varieties under a range of different photoperiods
showed that all varieties were capable of flowering under all
photoperiods tested; thus, they appeared to be “facultative
short-day genotypes. Differential varietal responses were not
obtained for flowering time at photoperiods of less than 12
hours per day,...”
The rate of floral initiation and plant development was
affected by photoperiod more in tropical varieties than in
temperate varieties. Address: Div. of Tropical Pastures,
CSIRO, Cunningham Lab., Mill Rd., St. Lucia, QLD,
Australia. Present address: Dep. of Agriculture, Univ. of
Queensland, St. Lucia, Qld. 4067.
1781. Fehr, W.R. 1968. Soybean blends: Should you try
them? Crops and Soils Magazine 21(2):15. Nov.
• Summary: “About 2 years ago, farmers began seeing
soybean seed sold with a brand name and the phrase,
‘Variety-Not Stated.’ The advertising literature read, ‘A
combination of known varieties.’ These new ‘combinations
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of known varieties’ are soybean blends.
“Name of the game: Considerable confusion has arisen
over the difference between a soybean variety, a blend, and a
hybrid. A soybean variety is the equivalent of an inbred line
of corn. Hark, Corsoy, Clark, Lee, and Hill are pure inbred
lines, which can be grown year after year without changing
genetically, unless mutations or natural cross-pollination
occurs.
“A soybean blend is simply a mechanical mixture of
seed from two or more pure varieties.”
A blend tends to be more stable over a range of growing
conditions and it may also provide insurance against certain
diseases.
“What guidelines can be used in deciding between a
pure variety or a blend? Use the same criteria for buying
soybean seed as you do for buying seed corn or other farm
necessities.
“How did the variety or blend perform in reliable yield
tests in your area? Your extension agent can supply the
information if it has been tested by the state agricultural
experiment station. Most people wouldn’t buy a car that
someone said would get 80 miles to the gallon without some
reliable proof, so why not be just as careful about claims for
fantastic increases in yield with a new soybean variety or
blend.
“Is the price right? Is it realistic in relation to other
varieties and blends being sold?” Address: Crop breeder,
Iowa State Univ.
1782. Weber, C.R. 1968. Physiological concepts for high
soyabean yields. Field Crop Abstracts 21(4):313-17. Nov.
[22 ref]
• Summary: Contents: Introduction. Efficiency of
photosynthetic production. Light saturation. Efficiency
of sugar utilization. Effect of photoperiod on flowering
and maturity. Plant population and lodging. Flower and
pod abortion. Role of environment. Discussion. Address:
Peterson Seed Co., Waterloo, Iowa and Savage, Minnesota.
1783. Adams, C.A.; Johnson, R.E. 1968. ATP sulfurylase
activity in the soybean [Glycine max (L.) Merr.]. Plant
Physiology 43(12):2041-44. Dec. [11 ref]
• Summary: “ATP sulfurylase activity was assayed in
soybean leaf extracts. A simple, rapid assay system using
molybdate as an analogue of sulfate was developed. The
assay was coupled to inorganic pyrophosphatase. The high
pyrophosphatase level in soybean leaf extracts obviated the
necessity of adding this enzyme to the assay system. ATP
sulfurylase has a pH maximum above 7.5, uses molybdate
and ATP as substrates, and requires magnesium ions for
activity.” Address: U.S. Regional Soybean Lab., Univ. of
Illinois, Urbana, Illinois 61801.
1784. Klucas, Robert V.; Koch, B.; Russell, S.A.; Evans, H.J.

1968. Purification and some properties of the nitrogenase
from soybean (Glycine max Merr.) nodules. Plant Physiology
43(12):1906-12. Dec. [24 ref]
• Summary: “Abstract: The nitrogenase system in cell-free
extracts of soybean nodule bacteroids was fractionated into
2 components by use of protamine sulfate or polypropylene
glycol precipitation followed by chromatography on DEAEcellulose. Iron and molybdenum were concentrated in 1
fraction and iron in the other. Combination of fractions
resulted in a striking stimulation in activity relative to
the activity of individual fractions. The effect of different
proportions of the 2 fractions on specific activities was
studied. The ratios of the rates of reduction of acetylene
and N2 by extracts or fractions of different purities were
relatively constant. Extracts or fractions retained most
of their nitrogenase activities when stored in liquid N2.”
Address: Dep. of Botany and Plant Pathology, Oregon State
Univ., Corvallis, Oregon 97331.
1785. Gerdemann, J.W. 1968. Vesicular-arbuscular
mycorrhiza and plant growth. Annual Review of
Phytopathology 6:397-418. [135* ref]
• Summary: Endomycorrhizal fungi are ubiquitous is the
soil, stimulate growth of several plant species, and increase
absorption of several plant nutrients. In the soil surrounding
plant roots is a region of intense microbial activity. In the
more highly specialized microbial root associations the root
becomes infected, and an intimate balanced relationship is
established. Under some conditions, the infection is actually
beneficially to the host. These symbiotic relationships can be
regarded as the highest level of parasitic specialization.
Most plants growing under natural conditions have a
dual nature in that the organs through which they absorb
water and nutrients consist of both root and fungus tissue.
“These ‘fungus roots’ are called mycorrhizae. The entire root
system of an individual plant may be micorrhizal or only a
portion of it may be infected; however, relatively few plants
are completely nonmycorrhizal.
There are three basic types of mycorrhizae: ectotrophic,
ectendotrophic, and endotrophic. The latter is characterized
by a loose network of hyphae in the soil surrounding the
root, and extensive hyphal growth within the root network.
The endotrophic micorrhizae can be classified in two distinct
groups: (1) Those produced by septate fungi, and (2) those
produced by nonseptate fungi. This review is concerned
only with the latter type, which is called phycomycetous or
vesicular-arbuscular (VA) mycorrhiza. Of the several types
of mycorrhizae, the VA type is by far the most common.
Address: Dep. of Plant Pathology, Univ. of Illinois, Urbana,
IL.
1786. Leng, Earl R.; Hymowitz, T.; Pande, R.K. 1968.
Flowering and maturity timing of U.S.-developed soybean
varieties in northern and central India (Abstract). Agronomy
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Abstracts. p. 46.
• Summary: Soybean varieties developed in the USA,
ranging from Group II to Group VIII maturity, were tested
at two locations in India–Pantnagar (29ºN) and Jabalpur
(23ºN). The crop cultivated during the rainy season (planted
in June to July) showed great acceleration of the time from
planting to flowering in all maturity groups. This time was
significantly shorter at Jabalpur than at Pantnagar. Varieties
ordinarily maturing in 140-150 days in the USA matured
in only 115-20 days at Pantnagar and 105 days or less at
Jabalpur. Flowering and maturity of varieties planted in Feb.
and March were delayed despite short day lengths, indicating
that temperature effects were significant in control of
flowering. In basically all cases, varieties planted in Feb. and
March did not mature normally, even though sufficient time
elapsed between flowering and the onset of the monsoon
season. Address: Univ. of Illinois, and Uttar Pradesh and
Jawaharlal Nehru Agricultural Universities (India).
1787. Marinova, Radka. 1968. Prouchvane vurkhu
dinamikata na niakoi khimicheski veshtestva v soiata prez
otdelnite fazi ot razvitieto i [Study on the dynamics of
some chemical substances in soybean at different stages
of development]. Rastenievudni Nauki (Plant Science,
Bulgaria) 5(2):13-19. [4 ref. Bul; rus; eng]
• Summary: “Summary: Dynamics of growth and
accumulation of nutrient substances in plants of the forage
soybean varieties Adams and Lincoln and grain varieties
Iregy and Staroukrainska are studied over the period 19621964 at the Complex Experiment Station in Vidin. A field
trial is carried out without irrigation on flood land of the
Danube river.
“Results indicate that soybean plants develop largest leaf
mass when the first pods start development. Forage soybean
varieties produce on the mean per plant from 195 to 250 gm
leaves and grain varieties–from 129 to 132 gm.
“Chemical analyses show that the crude protein content
attains highest percentage of 29.9 to 26.5 at the first threeleaved petiole stage and at bud stage. The protein and
carotene content decreases with advance of the growth.
“On the basis of experimental results recommendation is
made to harvest soybeans for green forage at the beginning
of development of the first pods when largest green mass is
produced and greatest amounts of dry matter, crude protein
and carotene may be obtained per unit of land.” Address:
Complex Experiment Station, Vidin, Bulgaria.
1788. Rinne, R.W. 1969. Biosynthesis of fatty acids by a
soluble extract from developing soybean cotyledons. Plant
Physiology 44(1):89-94. Jan. [25 ref]
• Summary: “Fractionation of developing soybean
cotyledons into cellular components demonstrates that most
of the activity necessary to incorporate acetate-1-14C into
lipid remains in the supernatant from a 198,000 g spin for

1 hr. The system studied is dependent upon ATP, CoA, and
CO2. Concentrations of ATP greater than 4 x 10-3 M are
inhibitory, while 1 x 10-4 M CoA is needed for optimal
activity. Avidin inhibition of acetate incorporation into lipid
could be reversed by biotin. Studies indicated that NADPH
is a better source of reducing power than NADH.” Address:
U.S. Regional Soybean Lab., Univ. of Illinois, Urbana,
Illinois 61801.
1789. Bernard, R.L.; Creemens, C.R. comps. 1969.
Evaluation of maturity Groups III and IV of the U.S.D.A.
soybean collection. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 238. April.
34 p. Not for publication.
• Summary: “A collection of introduced and domestic
soybean strains obtained over the past sixty years is
maintained by the U.S.D.A. for use by breeders, pathologists,
and other research workers. Strains in maturity Groups 00
to IV are maintained by R.L. Bernard at the U.S. Regional
Soybean Laboratory, Urbana, Illinois, and those in Groups
V to VIII by E.E. Hartwig at the Delta Branch Experiment
Station, Stoneville, Mississippi.
“This report includes data on the 1,157 strains in
maturity Groups III and IV in the Collection as of 1960,
distributed as follows: Maturity Group III: 41 U.S. and
Canadian varieties, 13 FC strains, and 523 PI strains. 577
Total. Maturity group IV: 48 U.S. and Canadian varieties,
18 FC strains, and 514 PI strains. Total: 580 Total. Grand
total: 1,157. For each strain is given: Name. Foreign name or
parentage. Origin. Year released. Maturity group.
“Flower color (P = purple, W = white).
“Pubescence color: T = tawny (brown), G = gray.
“Pubescence type: N = ‘normal,’ A = appressed, Sa =
semi-appressed, Sp = sparse, G = glabrous, Dn = dense, Sdn
= slightly dense, Dec = curly (deciduous).
“Pod color: Bl = black, Br = brown, Tan.
“Seed coat luster: D = dull, S = shiny, I = intermediate.
“Seed coat and hilum color: Y = yellow, Gn = green, G
= gray, Ig = imperfect gray, Bl = black, Br = brown, Rbr =
reddish brown, Ib = imperfect black, Bf = buff, Tan.
“Dark or light shades of the above colors are indicated
by prefixing the abbreviation with ‘D’ or ‘L’ (e.g., Lt = Light
tawny).
“Mottling score: Estimated percent of the seed coat
(hilum excluded) which was dark-pigmented, recorded as a
score: 1 (0 to trace), 2 (trace to 10%), 3 (10 to 25%), 4 (25 to
50%), and 5 (over 50%).
“Other: Abh = imperfect abscission of hilum, Dab =
delayed abscission of leaves, Def = defective seed coat,
Fleck = brown flecks on black seed coat, Gracilis = plant
and seeds resemble the semi-wild type of G. max formerly
classified as G. gracilis, Gn cot = green cotyledon, Nar lf =
narrow leaf, Ring = black stripes (or rings) on brown seed
coat, Saddle = saddle-shaped dark pigment on seed coat, Wa
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lf = wavy leaf margin.
“Performance data were gathered from a test grown at
Urbana, Illinois. There were two replications of each group,
one planted May 20, 1965 in field S700 and one planted May
26-27, 1966 in field S600. Plot size was 80” x 8’ (two paired
rows eight feet long, row spacing 40 inches). Yields may
be somewhat overestimated from the effect of the four-foot
alleys since plots were not trimmed at maturity, but when
converting to yield per acre the plots were considered to be
10 feet long to partially compensate for this. There were
no border rows and, therefore, the Group III strains weregrown in one block and Group IV in another to minimize
competition effects. In order to simplify finding strains
and to group material from the same source, strains of the
two maturity groups are listed together in one series in this
report. Data should be fairly comparable between the two
groups, although comparisons are not as precise as those
within group. Check varieties are listed in the order in which
they occurred in the field and are, for Group III: Harosoy
63 (II), Adams, Shelby, Wayne, and Clark 63 (IV), and for
Group IV, Shelby (III), Clark 63, Kent, Scott, and Hill (V):
The traits are defined below:
“Flowering: Date that 50% of plants begin to flower.
“Maturity: Date that 95% of pods are ripe.
“Lodging: Scored 1 (erect) to 5 (prostrate).
“Height: Plant height in inches.
“Stem Termination: Scored 1 (very determinate) to 5
(very indeterminate).
“Branching: Scored 1 (rarely branching) to 5 (profusely
branching).
“Seed Quality: Scored 1 (good) to 5 (poor), considering
wrinkling, defective seed coat, greenishness, and moldy or
rotten seeds.
“Shattering: Estimated percent of pods open at harvest,
shortly after maturity. Score based on percent of open pods
as follows: 1 (no shattering), 2 (1 to 10%), 3 (10 to 25%), 4
(25 to 50%), 5 (over 50% shattered).
“Seed Weight: Grams per 100 seeds.
“Yield: Bushels per acre.
“Seed Composition: (Based on a composited sample
from the two replications, analyses by F.I. Collins and O.A.
Krober at the U.S.R.S.L.)
“Protein: Percent of dry weight of seed (Kjeldahl
method).
“Oil: Percent of dry weight of seed (nuclear-magneticresonance method).
“Protein Composition:
“Methionine: Percent of total protein (using Krober’s
modification of the McCarthy-Sullivan colorimetric method
using enzymatic hydrolysis).
“Oil Composition:
“Palmitic, Stearic, Oleic, Linoleic, and Linolenic Acid:
Percent of oil (using gas-liquid-chromatography {GLC}).
“Iodine Number: Calculated from GLC fatty acid

composition on a crude basis.
“Disease Reaction:
“PR = Phytophthora rot caused by Phytophthora
megasperma var. sojae.
“Py = Pythium rot caused by Pythium ultimum.
“R = resistant, S = susceptible (based on data obtained
from artificial inoculations by K.L. Athow {named varieties}
and F.A. Laviolette {FC and PI strains} at Purdue University,
Lafayette, Indiana).
Group III varieties: Harosoy 63, Shelby, Adams,
Adelphia, A.K. (FC 30.761), A.K. (Harrow), A.K. (Kansas),
Aoda, Bavender Special, Bethel, Boone, Charlin, Chestnut,
Chief, Chusei, Clark, Clark 63, Cloud, Columbia, Cypress
No. 1, Delmar, Dunfield, Ebony, Emperor, Fabulin, Ford,
Fuki, Funk Delicious, Gibson, Granger, Green and Black,
Guelph, Hahto (Michigan), Harbinsoy, Harman, Higan,
Hokkaido & Clark 63, Hongkong, Hurrelbrink, Illington,
Illini, Ilsoy, Imperial, Jefferson, Jogun, Kanrich, Kent, Kim,
Kingston, Kingwa, Kura & Adams, Lincoln, Little Wonder,
Macoupin, Manchu (L55-143), Manchu (Lafayette), Manchu
2204, Manchuria 13177, Manchuria 20173, Mandell,
Mansoy, Midwest, Mingo, Morse, Norredo, Osaya, Patoka,
Patterson, Peking, Pennsoy, Perry, Polysoy, Roe, Ross,
Sanga, Sato-3, Scioto, Scott & Kent, Shelby, Shingto, Shiro,
Sooty, Viking, Virginia, Wabash, Wayne, Willomi, Wilson,
Wilson-5 [Wilson-Five], Wing Jet (Source: Ohio. Released
by 1929), Wolverine.
Note the spelling “maturity Groups” and “... the
Group III strains were grown in one block and Group IV
in another.” But twice in the middle of a sentence we find
“more appropriate maturity groups,...” and “strains of the
two maturity groups are listed together...”
Note: This is the earliest document seen (July 2000) that
mentions the soybean variety Charlin.
Note from Dr. R.L. Bernard. 1999. July 15. “I was still
resisting use of ‘germplasm’–a strange word, hard to define–
but later give in to the popular use by management and the
press. This document shows the extension of the use of
“maturity Groups” beyond the Uniform Test, as also does the
1949 USDA Farmers’ Bulletin No. 1520. ‘Maturity Group’
was well- and long-established with the soybean germplasm
when I came in 1954.” Address: 1. Research Geneticist;
2. Agricultural Research Technician. Both: U.S. Regional
Soybean Lab., Oilseed and Industrial Crops Research
Branch, Crops Research Div., Agricultural Research Service,
USDA.
1790. Hymowitz, Theodore. 1969. What is a soybean?
Soybean News (NSCIC) 20(3):3-4. April.
• Summary: “Taxonomically, the soybean is a member
of the Leguminosae or the pulse family. The pulse family
includes the peas, beans, forage, and green manure legumes.
The proper scientific name of the soybean is Glycine max
(L.) Merrill. The scientific name or binomial system of
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nomenclature provides a universal method for designating
plants. Some plants have many common names, but all
plants have only one scientific name.
“The soybean can also be defined descriptively. A
workable botanical description of the soybean is as follows.
“An annual usually bushy herb, from 0.5 to 2 meters
high; stems up to 4 mm in diameter; leaves 3 foliolate;
leaflets 3-15 cm long, 2.5-10 cm wide; racemes axillary, 1015 mm long with 1-12 flowers; flower color white, rose, or
purple; pods usually oblong about 25-75 mm long, 8-15 mm
wide with several seeds; seed color cream, brown, or black;
seed weight 4 to 27 grams per 100 seed.
“The above botanical variations and many other types
of differences among soybean plants such as disease, seed
shattering or lodging resistance and climatic adaptation are
the raw materials used by plant breeders to increase per acre
yields of soybeans. Fields of soybeans may botanically vary
from region to region, but one has no problem identifying the
growing crop.
“Recent surveys have shown that in the U.S. and abroad,
the number and proportion of human beings who suffer from
a lack of quantity (calories) or quality (protein) of food is
increasing. Children who fail to get a proper protein diet
during their first few years may become retarded mentally as
well as physically. In addition, the intellectual attainments
of children who have recovered from severe malnutrition
have been shown to be consistently lower than those of
individuals with adequate nutrition during infancy.
“The above findings lead me to the third definition
of what is a soybean–its chemical constituents. Today’s
commercial soybean varieties contain about 41, 21, and 13%
protein, oil, and sugar, respectively. As there is descriptive
variation among soybeans, the same is true for chemical
variation among soybeans. Beans with protein contents from
27-52% and oil contents from 13-20% have been recorded in
the literature. Little is known about the variation in the sugar
content of soybeans.
“Soybean protein in the form of soy meal is used in
livestock and poultry feed for the production of milk, butter,
eggs, poultry, beef, pork, and lamb. In addition to indirectly
supplying man with protein, soybeans offer the most
economical and practical source of dietary protein.
“The increasing protein gap in the world is due to the
lack of foods with the proper balance of essential amino
acids in forms readily available and utilizable for human
consumption. Rice, wheat, maize, sorghum, the millets;
rye, barley, cassava, sweet potato, potato, bananas, and
coconuts are the basic foods for man. In large part, these
basic foods quantitatively are low in total protein content
and qualitatively, they are deficient in certain amino acids.
Except for low methionine content, soybean meal is fairly
well nutritionally balanced. Studies in India have indicated
that a consumption of just 2 oz. of soybean meal a day would
almost balance the defective diets of an average vegetarian

Indian.
“On the average, soybean oil contains 15, 4, 24, 49, and
8% of palmitic, stearic, oleic, linoleic, and linolenic acids,
respectively. Palmitic and stearic are saturated fatty acids
while oleic, linoleic, and linolenic are unsaturated fatty acids.
Soybeans that contain 55-38% linoleic and 11-5% linolenic
acid have been reported in the literature. Soybean oil is
used mainly for the production of margarine, shortening,
mayonnaise, and salad oils.
“Arabinose, glucose, sucrose, raffinose, stachyose,
and verbascose have been reported to be the free sugars in
a soybean. A recent study at Illinois has indicated that the
addition of increments of N, P, and K to the soil had no effect
on the sugar composition of the soybean, However, it is
reasonable to assume, that among soybeans there is variation
in the total sugar content as well as variation among the
individual sugars.
“Chemical plant genetics or the science of genetically
modifying chemical constituents of a plant will increasingly
play a larger role in the expansion of the soybean industry
and also help alleviate the world food crises. Taxonomically
and botanically the soybean of today will probably be the
same soy bean as in the future. Chemically, the soybean
of the future will have little resemblance to the soybean of
today.”
Note: The next short article states: Each year there are
more than 60 million more mouths in the world. Address:
Asst. Prof. of Plant Genetics, Dep. of Agronomy, Univ. of
Illinois.
1791. Bauer, M.E.; Sherbeck, T.G.; Ohlrogge, A.J. 1969.
Effects of rate, time, and method of application of TIBA on
soybean production. Agronomy Journal 61(4):604-06. July/
Aug. [7 ref]
• Summary: “Abstract: The effect of foliar application
at the beginning of flowering of the growth regulator
2,3,5-triiodobenzoic acid (TIBA) on the growth and
development of soybeans... was studied at several locations
in Indiana in 1965 and 1966. TIBA resulted in combine
yield increases of up to 15%. The yield increases were due
to greater numbers of seed. TIBA-treated plants were more
resistant to lodging than untreated plants. TIBA treatments
reduced plant height, partially inhibited apical dominance,
and produced a triangular shaped canopy with a more
vertical leaf orientation.
“In TIBA rate experiments (20 to 150 g/ha),
morphological changes were greatest with high levels of
TIBA, but yields were maximized at rates of 20 to 50 g/ha...”
Address: 1-2. Former research assts.; 3. Prof. of Agronomy.
All: Purdue Univ. Agric. Exp. Station, Lafayette, Indiana
47907.
1792. Flowers, T.J.; Hanson, J.B. 1969. The effect of reduced
water potential on soybean mitochondria. Plant Physiology
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44(7):939-45. July. [24 ref]
• Summary: “The respiration of excised hypocotyls and of
isolated hypocotyl mitochondria from soybean [var. Wayne]
was determined in various concentrations of sucrose and
potassium chloride. Hypocotyl oxygen uptake declined with
increasing solute concentration; no specific effects of either
solute were apparent. Mitochondrial state III respiration was
strongly inhibited as the solute concentrations were raised
and there was in addition a specific inhibitory effect of the
salt. State IV respiration, however, was unaffected by the
presence of osmoticum.” Address: Depts. of Agronomy and
Botany, Univ. of Illinois, Urbana, Illinois 61801.
1793. Ghorashy, S.R.; Colville, W.L.; Ashworth, D.L. 1969.
Effects of 2,3,5-triiodobenzoic acid on the morphology and
anatomy of Glycine max (L.) Merrill. Crop Science 9(4):399402. July/Aug. [14 ref]
• Summary: Applied as a foliar application just as
flowering commences, TIBA slightly alters the leaf and
plant morphology. Smaller, somewhat more vertically
oriented leaves appear at the top of the plant, giving a more
triangular-shaped plant. Interesting anatomical changes
also occur within the xylem and phloem vessels. Address:
1. Formerly Research Assistant (now Research Assistant in
Agronomy, Univ. of Illinois); 2. Prof.; 3. Former Research
Assistant. All: Dep. of Agronomy, Univ. Nebraska, Lincoln.
1794. Miura, George A.; Miller, Carlos O. 1969. Cytokinins
from a variant strain of cultured soybean cells. Plant
Physiology 44(7):1035-39. July. [9 ref]
• Summary: A strain of soybean cells capable of growing
on a tissue culture medium lacking a cytokinin produced at
least 3 compounds active in the soybean cytokinin assay.
The characteristics of these compounds were consistent with
their being zeatin in the free form, zeatin ribonucleoside
and zeatin ribonucleotide. Although the conversion from a
cytokinin dependent to independent condition in this strain
parallels the change of normal cells to crown gall tumor
state in terms of the capacity to synthesize cell division
substances, the soybean factors are distinct from the
nicotinamide derivatives reported for tumor cells of Vinca.
Address: Dep. of Botany, Indiana Univ., Bloomington,
Indiana 47401.
1795. Elmstrom, G.W.; Howard, F.D. 1969. Iron
accumulation, root peroxidase activity, and varietal
interactions in soybean genotypes that differ in iron nutrition.
Plant Physiology 44(8):1108-14. Aug. [23 ref]
• Summary: “Four soybean genotypes... differing in
their ability to accumulate iron were studied: the efficient
genotypes Hawkeye (HA) and A62-9 (E-9) and the
inefficient genotypes PI-54619-5-1 (PI) and A62-10 (I-10).
“The distribution of iron in the tissues of plants grown
in a growth chamber in nutrient solutions containing various

levels of iron was determined. A greater amount of iron
was associated with the roots of inefficient plants than with
roots of efficient plants, indicating a slower rate of iron
translocation in the former.” Address: Dep. of Vegetable
Crops, Univ. of California, Davis, California 95616.
1796. Leggett, J.E.; Gilbert, W.A. 1969. Magnesium uptake
by soybeans. Plant Physiology 44(8):1182-86. Aug. [18 ref]
• Summary: “Magnesium contents of soybean... roots
increase and the K and Ca contents decrease with increased
MgCl2 concentrations in ambient solutions. The Mg uptake
is inhibited when both Ca and K are present in the solution,
but not by K or Ca alone. Chloride uptake, which is very
low from the MgCl2 solution, is greatly enhanced by the
presence of K. The selectivity against Mg imparted by K
+ Ca appears to be at an external barrier for cation uptake
as shown by its dependence on the presence of Ca in the
external solution.” Address: Mineral Nutrition Laboratory,
USDA, ARS, SWCRD [Soil and Water Conservation
Research Division], Beltsville, Maryland 20705.
1797. Adams, C.A.; Rinne, R.W. 1969. Influence of age
and sulfur metabolism on ATP sulfurylase activity in the
soybean and a survey of selected species. Plant Physiology
44(9):1241-46. Sept. [8 ref]
• Summary: “ATP sulfurylase activity varied greatly among
different leaves on the soybean plant... and high levels of
activity did not appear in the leaves until the seedlings were
about 3 weeks old. In general, leaves from the top of the
plant had a higher activity than leaves from the bottom of
the plant. A much greater activity was found in soybean
leaves than in soybean roots. The absence of sulfate in the
nutrient solution resulted in higher enzyme activity in leaves
from young plants and in lower activity in leaves from older
plants.” Address: U.S. Regional Soybean Lab., Univ. of
Illinois, Urbana, Illinois 61801.
1798. Holm, Robert E.; Key, Joe L. 1969. Hormonal
regulation of cell elongation in the hypocotyl of rootless
soybean: an evaluation of the role of DNA synthesis. Plant
Physiology 44(9):1295-1302. Sept. [33 ref]
• Summary: “A method was developed where soybean
seedlings were grown without roots to study the influence
of hormones of root origin on shoot growth. Excision of
the root resulted in inhibition of apical section growth and
DNA synthesis and inhibited elongating section growth. A
synthetic cytokinin restored DNA synthesis in the apical
section, but did not influence growth in either the apical
or elongating sections. Low concentrations of gibberellin
with the cytokinin restored growth in the apical section.
Gibberellin alone was sufficient to restore growth in the
elongating section.” Address: Dep. of Botany and Plant
Pathology, Purdue Univ., Lafayette, Indiana 47907.
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1799. Rollier, M.; Ferrif, -; Pierre, -. 1969. Le soja:
Experimentation 1966-1968 (suite) [The soybean:
Experimentation 1966-1968 (continued)]. Informations
Techniques CETIOM No. 18. p. 27-40. 3rd trimester. [Fre]
• Summary: Contents: Variety studies in France (Maturity
Group 00 to V). Group 00 (vegetative cycle 90-95 days):
Portage, Flambeau. Group 0 (95-105 days): Merit, Grant,
Capital, Comet, Mandarin-Ottawa, Traverse. Group I (105115 days): Hudson, Chippewa 64. Group II (125-140 days):
Harosoy 63, Hawkeye 63, Amsoy, Hark. Group III (150
days): Wayne. Gives details on each variety, including yield
in quintals/hectare. Note: 1 quintal = 100 kg. The soybean
variety Merit gave the highest yield (16.00), whereas
Chippewa gave the lowest (10.60).
1800. Sanbuichi, Takashi; Gotoh, Kanji. 1969. Daizu
hinshu no tekioosei ni kansuru kenkyu [Studies on soybean
varieties’ adaptability]. Hokkaido-ritsu Nogyo Shikenjo
Shuho (Hokkaido Prefectural Agricultural Experiment
Station, Bulletin) No. 19. Oct. p. 36-46. [Jap; eng]
• Summary: Discusses cool weather tolerance in soyabean
breeding. Address: Tokachi Agric. Exp. Station, Memurocho, Kasai-gun, Hokkaido, Japan (Tokachi Nogyo Shikenjo);
2. Formerly Nogyo Shikenjo (Presently Norinsho Hokkaido
Nogyo Shikenjo).
1801. Byth, D.E.; Caldwell, B.E.; Weber, C.R. 1969. Specific
and non-specific index selection in soybeans, Glycine max L.
(Merrill). Crop Science 9(6):702-05. Nov/Dec. [12 ref]
• Summary: Percent protein is inversely related to seed
yield. “Unilateral selection for agronomic traits has been
used widely in plant breeding, frequently with retrograde or
less than optimum results because of inadequate knowledge
of interrelationships among these traits. Selection indices
provide a method for integrating information on several
traits for selection purposes.” Phenotypic ranking can serve
as a selection index with subjective weights assigned to the
component traits. Address: Iowa Agricultural and Home
Economics Experiment Station, Ames, Iowa.
1802. Byth, D.E.; Weber, C.R.; Caldwell, B.E. 1969.
Correlated truncation selection for yield in soybeans. Crop
Science 9(6):699-702. Nov/Dec. [9 ref]
• Summary: “Phenotypic selection for agronomic characters
such as height, lodging, and maturity has been extensively
and successfully practiced in soybeans... This selection has
generally been practiced in early generation material to
eliminate undesirable agronomic types prior to extensive
yield testing.
“Correlations of agronomic and chemical characters
with yield in soybeans have been presented by several
authors...”
Two lines of soybean crosses were evaluated for nine
characters in three environments. “Heritability was relatively

consistent across environments for all traits except seed
yield. For yield, heritability was greatest under favorable
growth conditions and least when moisture stress was
alleviated by irrigation.”
Percent protein is inversely related to seed yield;
the greater the seed yield, the less the protein in each
seed. Address: Iowa Agricultural and Home Economics
Experiment Station, Ames, Iowa.
1803. Sloger, Charles. 1969. Symbiotic effectiveness
and N2 fixation in nodulated soybean. Plant Physiology
44(12):1666-68. Dec. [12 ref]
• Summary: “The acetylene reduction assay permitted a
rapid estimation of the N2 fixing efficiency of soybeanRhizobium associations. Using this assay one could detect
the more effective host-strain associations based upon
nitrogenase activity. Selecting more efficient N2 fixing
associations should yield greater production by soybeans.
“In this study, the data suggest that the interaction of
R. japonicum and soybean genotypes directly or indirectly
controls the N2 fixing activity, which initiates a particular
growth response in the plants. The regulation of nitrogenase
activity by soybean-Rhizobium interaction is currently being
investigated.” Address: Crops Research Div., Agricultural
Research Service, USDA, Beltsville, Maryland 20705.
1804. Burlaka, V.V.; Penchukov, V.M.; Skroders, Ia.Ia. 1969.
Soia na severnykh raionach dal’nego vostoka [The influence
of cool temperature on soybean plants]. Khabarovsk,
Khabarovsk Krai, USSR. See p. 1-2. [Rus]*
• Summary: In the world collection of soybean cultivars
there is broad variation in sensitivity to photoperiod. Many
soybean varieties bred in eastern Siberia (north of the Amur
River) are not significantly delayed in flowering by the
comparatively long summer days of that northern region.
Note: Khabarovsk city lies at the confluence of the Amur
and Ussuri Rivers, about 800 kilometers (497 mi) north of
Vladivostok, some 30 km from the Chinese border. It is the
administrative center and the largest city of Khabarovsk
Krai, Russia, and the second largest city in the Russian Far
East, after Vladivostok. Address: USSR.
1805. Grabe, D.F.; Metzer, R.B. 1969. Temperature-induced
inhibition of soybean hypocotyl elongation and seedling
emergence. Crop Science 9:331-33. *
1806. Rahman, Q.N.; Chowdhury, M.A.M.; Majid, F.Z.;
Uddin, M.A. 1969. Oil seed crops in East Pakistan. I.
Botanical and chemical studies of some soybean varieties.
Scientific Researches (Dacca) 6(4):172-76. [17 ref]*
Address: E. Reg. Labs., PCSIR Dacca, Pakistan.
1807. Shah, S.B. 1969. Economic botany. Agricultural
Research Institute, Annual Report (Peshawar, Tarnab,
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Pakistan) 86 p. For the years 1968-69. See p. 38-43. *
1808. Hamner, Karl C. 1969. Glycine max (L.) Merrill.
In: L.T. Evans, ed. 1969. The Induction of Flowering:
Some Case Histories. Melbourne, Australia: Macmillan of
Australia; Ithaca, New York: Cornell University Press. viii +
488 p. See p. 62-89. [117 ref]
• Summary: Contents: History of Use: Taxonomy, origin and
cultivation. Growing techniques and growth habit: General,
growing techniques, growth habit. Inflorescence structure
and criteria of flowering response: Anatomical studies,
criteria of flowering response. The effect of plant age.
Vernalization and devernalization. Photoperiod response:
Varietal studies, Biloxi soybeans. Spectral dependence.
Endogenous rhythms: Early work, length of cycle
experiments, light perturbation experiments, interaction
of light and endogenous rhythm, effects of red and far-red
light, conclusions concerning control of photoperiodism.
Fractional induction (apparently none occurs in soybeans).
Photoperiodic inhibition. Effects of temperature: The relation
between temperature and endogenous rhythms. Effects
of mineral nutrition. Effects of gas composition. Grafting
experiments. Effects of growth substances and growth
retardants. Chemical, histochemical and ultrastructural
changes at induction. Inflorescence differentiation.
References. Contributors. Abbreviations. Address: Dep. of
Botany, Univ. of California, Los Angeles, California.
1809. Hartwig, E.E. 1969. Breeding soybeans for high
protein content and quality. In: Panel on New Approaches to
Breeding for Plant Protein Improvement (1968: Rostanga)
and Joint FAO/IAEA Division of Atomic Energy in Food
and Agriculture. 1969. New Approaches to Breeding for
Improved Plant Protein: Proceedings of a Panel Meeting on
New Approaches to Breeding for Plant Protein Improvement:
Proceedings of a Panel Meeting. Vienna: International
Atomic Energy Agency. 193 p. See p. 67-70. Held 17-21
June 1968 in Rostanga, Sweden. 24 cm.
• Summary: “Abstract: Average production of soybean
protein by US growers is 0.6 ton per hectare. The better
soybean producers will average 1.0 ton/ha and yields of
2.0 ton/ha have been produced on small acreages. Protein
content of moisture-free soybeans varies from 37.0 to 50%.
The average for commercial cultivars now in production is
40.55. There is a high negative correlation between protein
and oil in the soybean seed. Highly productive experimental
strains have been developed which are 10 to 15% higher in
protein content than cultivars presently grown. Introductions
from China and India have been utilized as sources of genes
for higher protein. The wild type G. ussuriensis Regel and
Maack has also contributed genes for higher protein. The
wild type does not have high protein content, but does have
very low oil content and a wide ratio of protein to oil in
the seed. Seed yield of high protein strains must be equal

or superior to cultivars now grown to be commercially
accepted. Density classification and nuclear magnetic
resonance (NMR) have been utilized to classify seed of
single plants of early generation segregating populations for
oil or protein content. With protein and oil having a high
negative correlation, selection for low oil has been effective
in the selection for high protein in Glycine max (L.) Merr.
“Material discussed is adapted in the latitude range of
30 to 37’. Although soybeans are extremely responsive to
photoperiod, germ plasm is available which should permit
developing highly productive cultivars having medium to
high protein content of the seed for sub-tropical and tropical
conditions. Seed from experimental strains having higher
protein content have been fed to chicks and rats. The protein
from these strains appear to be biologically equal to that
from cultivars now grown.”
Percent protein is inversely related to seed yield.
Address: Agricultural Research, USDA, Delta Branch
Mississippi Agric. Exp. Station, Stoneville, Mississippi.
1810. Kawashima, Ryoichi. 1969. Trends of research of
soybean cultivation in Japan. JARQ (Japan Agricultural
Research Quarterly) 4(4):15-19. [4 ref. Eng]
• Summary: Contents: History of research. High
productivity: Photosynthesis, growth analysis, soil and
fertilizer, method of cultivation, high yield cultivation. Good
quality seed. Pest control. Preventative measures against
cold-weather damage.
History: The area of soybean cultivation in Japan
remained at about 450,000 ha until about 1920, when it
began to decrease gradually, falling to half (225,000 ha)
by the start of World War II. This decrease was caused by
increasing imports of soybeans from Manchuria. During
this period of decrease, research on soybean cultivation was
seldom conducted, except for breeding, and that continued
with difficulty.
In the years immediately after World War II, soybean
production in Japan showed no signs of increasing, being
thrust aside by production of urgently needed starch foods
[such as rice and barley].
Then in 1950 soybean production began to increase
rapidly and an area of 400,000 ha was maintained over the
next five years. Detailed studies of soybean cultivation were
undertaken during those years.
In 1945 the first laboratory of soybean cultivation was
established at the Imperial Agricultural Experiment Station.
And with the rapid increase in cultivated area, studied
on soybean cultivation began at the national and public
agricultural experiment stations and universities.
But starting in 1955, as imports of soybeans from
the United States increased rapidly, the area of soybean
cultivation decreased year after year. But to strengthen the
competitive position of Japanese soybeans, research on
these soybeans was intensified, even after the free trade of
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soybeans was opened up in 1961.
However by 1968, due to increasing soybean imports,
the area of soybean cultivation in Japan had decreased to
120,000 ha and soybean production in Japan decreased to 7%
(170,000 tons) of all demand. Nevertheless, soybean research
is still considered important as it is one of the major sources
of plant proteins.
Today, research on soybean cultivation is being
conducted at five breeding institutes and at some national
agricultural experiment stations and universities. Here, in
laboratories, advanced studies are being made. An outline
of the research results is published by the Ministry of
Agriculture and Forestry, and detailed results obtained
during successive years were collected and published in
1953 (obtained in 1939-1951) and in 1967 (obtained in
1952-1963). Address: Chief, 2nd Lab., 2nd Div. of Plant
Physiology, Dep. of Physiology and Genetics, National Inst.
of Agricultural Sciences, Japan.
1811. Kwon, Shin Han. 1969. Soybeans and soybean
products in Vietnam. Saigon: Republic of Vietnam: Ministry
of Land Reform and Development of Agriculture and
Fisheries, Agricultural Research Inst. (Saigon). 113 p. 28 cm.
[60 ref. Eng]
• Summary: Contents: Map of South Vietnam showing
all provinces and their names. Preface, by the author. 1.
Introduction: History of soybean, production and trade in the
world and in Vietnam, utilization of soybean (uses, nutritive
value of the soybean). 2. Botany of the soybean plant: Seed,
stem and pubescence, leaves, flower parts, root and nodule
bacteria, genetics. 3. Ecological requirement: Germination,
temperature, rainfall, day length, soil. 4. Cultivation and
storage: Planting (land preparation, depth of seeding,
methods of seeding, rate of seeding, time of seeding,
rotation, erosion), fertilizer (manure, nodule bacteria,
nitrogen, phosphorus, calcium, potash, molybdenum,
application), insects (maggot fly, soybean insects found in
Vietnam, control), diseases (root disease, foliage disease,
seed disease), weed control, harvesting and threshing
(harvesting time, methods of harvesting, drying). 5. Variety
improvement: Aims of improvement (high yielding variety,
disease resistance, insect resistance, day length, varieties
tolerant to unfavorable soil conditions, seed size, seed color,
oil and protein content in seed, palatability), introduction
method, pure line selection method, breeding method
(making the cross, pedigree method, bulk method), regional
trials, variety purification and multiplication (breeder’s seed,
foundation seed, stock seed, extension seed, maintenance). 6.
Seed certification standard. 7. Bibliography.
The author thanks for their help: Dr. Thai-Cong-Tung,
Director of the Agriculture Research Institute, and Mr.
Nguyen-Huu-Quyen, Manager of Eakmat Experiment
Station.
“The history of soybean in Vietnam is meager, but

the references by Loureiro (1790) and Rumphius (1747)
mentioned the cultivation of soybean in Malaysia and
Vietnam. Harmand (1877) collected wild soybean (Glycine
laotica) in the Hue and Bassac areas, and the herbariums
[herbarium specimens] are still available at the Agricultural
Research Institute, Ministry of Agriculture, Vietnam.” Since
the history of Vietnam is closely related to that of China, it
seems likely that the soybean has been cultivated for many
centuries in what is today Vietnam (p. 1).
In Vietnam, the soybean is still not a very familiar
crop to the majority of farmers. Although the acreage has
gradually increased since 1958, production had not yet
reached 10,000 tons by 1967. According to the Agricultural
Statistics Yearbook of Vietnam, in 1966 in South Vietnam,
total soybean acreage was 6,610 hectares and production
was 7,585 metric tons, or 1.148 tonnes/ha (p. 7). The main
soybean producing provinces are all in the southern half of
South Vietnam: Long-Khanh (40% of total South Vietnamese
acreage), An-Giang (20.4%), Chau-Doc, Kien-Phong, and
Binh-Dinh (5%). In 1963 some 1,440 tones of soybeans were
imported and in 1966 some 100 tonnes were exported (p. 6).
Table 4 shows an estimate of the costs and returns per
hectare of growing soybeans at the Eakmat Agricultural
Experiment Station in Ban-Me-Thuot in 1968. The net
income or profit from one hectare was about VN$26,000,
which is larger than for any other field crops, including:
cassava (VN$22,766), mung beans ($20,267), sweet potatoes
($19,269), upland rice ($6,828), corn ($6,569), and peanuts
(VN$5,100).
Uses: “In Vietnam, the soybean is not commonly used in
daily food, but a number of foods such as soysauce, tuong [a
soft kind of miso resembling Chinese chiang in consistency,
and sold in crocks], bean curd, vermicelli, soymilk, soybean
wine, chao [fermented tofu, sold in bottles], soybean
oil, [soy] bean sprouts, and green pods [green vegetable
soybeans] are available in the market and they are gradually
becoming popular among Vietnamese.
Note: This is the 2nd earliest English-language
document seen (Oct. 2011) that uses the word “chao” to refer
to fermented tofu.
Photos (p. 11-12) show: (3) Bean sprouts and cooked
beans with tomato sauce. (4) A shop that sells soybean
products in a Saigon market. Soybean paste [tuong] is in big
jars, chao [fermented tofu] is in bottles in front, and bean
curds [tofu] are in the front left corner. (5) A Vietnamese
girl frying bean curds in the market. (6) Bottles with labels
showing various kinds of soy sauces made in Vietnam.
The highest yielding soybean varieties in Vietnam are
presently Palmetto and E-32. In trials, they yield about 1
tonne per hectare. Address: FAO Agricultural Officer. Phone:
Saigon 91.746.
1812. Patiño, Victor Manuel. 1969. Plantas cultivadas y
animales domesticos en América equinoccial. Tomo IV.
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Plantas introducidas [Cultivated plants and domesticated
animals in equinoctial America. Vol. 4. Introduced plants].
Cali, Colombia: Published by the author. 574 p. See p. 97-98.
Illust. Index. 24 cm. [12 soy ref. Spa]
• Summary: In chapter III, titled “Granos y menestras
(Grains and legumes”), the section on “Soya, soja” (p. 9798) states: “This legume, a native of East Asia (Extremo
Oriente), has been known by Europeans since 1712,
thanks to Englebert Kaempfer, who introduced it under the
Chinese [sic, Japanese] name ‘daidsu.’... It was introduced
to the United States at the request of Benjamin Franklin
(Klose 1950, p. 14). Many thousands of varieties have been
imported since than (Klose, p. 134-35). At Rio de Janeiro
[Brazil] it has been raised since the end of the 19th century,
by the Botanical Garden (Barbosa Rodrigues, 1908, p. 124).
“The soybean was not well accepted initially in tropical
Latin America because the introduced varieties were not well
adapted to the day length. Only when day-length neutral
varieties from Manchuria were introduced, did the plant start
to succeed (Schwanitz 1966, p. 119-20).
“Russian botanists found soya cultivated in Guatemala
and in the state of Chihuahua, Mexico, in about 1925
(Bukasov 1930, p. 541).
“In the Canal Zone it was introduced at about the same
period, although with results that were not very encouraging
(Canal Zone Gardens 1924, p. 9).
“To be sure of the data of Hipólito Ruiz, the first
equinoctial country to which the soybean was introduced was
Peru. The illustrious botanist found in Huamalíes [a province
in the department of Huanuco in central Peru], cultivated, a
plant whose name at that time was Dolichos soja L. (Ruiz,
1952, I, p. 201).
“This legume, which originated in Asia, was introduced
by the Agricultural Station [of Palmira] in Colombia at the
beginning of 1929 through the importation of the varieties
Biloxi, Otoo-tan, and Barchet from the Agricultural
Experiment Station at Crowley, Louisiana. These varieties
were planted at the Palmira station on 23 March 1929.
On the following April 16 the soybean variety Mammoth
Yellow was planted, brought from Cuba by the agronomic
engineer Dr. Rafael R. Camacho... On 23 Oct. 1929 these
four varieties were planted a second time. That same year,
distribution of the seeds to the public began. Later, the
varieties Hollybrook, Aksarben and Laredo were introduced
(Durán Castro: Molina Garces, 1930, p. 47, 15).
“The variety Seminole was introduced [to Palmira,
Colombia] from the experiment station at Santiago de las
Vegas, Cuba, on 21 Oct. 1947, and the varieties Biloxi,
Otoo-tan, and Mammoth Yellow, which were already known,
were reintroduced. The varieties Palmetto and Dominicana
would come from Turrialba [Costa Rica] on 23 Nov. 1947.
On 28 July 1948 the varieties Mukden, Virginia, O-too-tan,
Trinitaria, and Illini were received from the ministry of
agriculture of Argentina. On 14 Feb. 1949 the variety Bansei

was received, sent by the Office of Foreign Agricultural
Relations (Villegas Duque: García Vásquez, 1936, p. 28).
Note: How could a 1936 document discuss events of 19471949? This 1936 citation must be a mistake!
“Other introductions [to Colombia] were made starting
in 1950.” Other legumes discussed in this chapter include
adsuki [azuki], Phaseolus angularis (Willd.) W.F. Wight
(p. 99), and seguidillas or asparagus bean [winged bean],
Psophocarpus tetragonolobus (p. 101).
Note 1. This document contains the earliest reliable
date seen for soybeans in Colombia, or the cultivation
of soybeans in Colombia (March 1929). The source of
these soybeans was the Agricultural Experiment Station at
Crowley, Louisiana, USA.
Note 2. The first Japanese immigrants (25 people) to
Colombia arrived in Oct. 1929. It is not clear if or when they
first grew soybeans in Colombia.
Note 3. This is the earliest Spanish-language document
seen (Jan. 2005) that mentions azuki beans, which it calls
adsuki. Address: Cali, Colombia.
1813. Buttery, B.R. 1970. Effects of variation in leaf area
index on growth of maize and soybeans. Crop Science
10(1):9-13. Jan/Feb. [24 ref]
• Summary: Maize and soybean crops were grown at high
density in separate plots in the same field experiment; when
a thick canopy had developed, a range of leaf area indexes
(LAI) was created by thinning. Samples were taken at time
of thinning and 2 weeks later. The experiment was repeated
twice yearly for 3 years.
“Mean relative growth rate (RGR) and mean net
assimilation rate (NAR) increased with increasing density,
while mean crop growth rate (CGR) and leaf area ratio
(LAR) decreased.” Address: Research Scientist in Plant
Physiology, Canada Dep. of Agriculture, Research Station,
Harrow, Ontario, Canada.
1814. Caviness, C.E.; Walters, H.J.; Johnson, D.L. 1970.
A partially male sterile strain of soybean. Crop Science
10(1):107-08. Jan/Feb. [7 ref]
• Summary: “Occurrence of sterile plants, in an otherwise
fertile population of soybeans... usually attracts the attention
of plant breeders. Various uses may be envisioned for a male
sterile character, but probably its potential is greatest for
making a large number of hybrids needed for an intermated
population or or recurrent selection program.
“Sterility in soybeans has been reported by several
researchers (2, 4, 5, 6)” [Hadley et al. 1964; Owen 1928;
Probst 1951; Stewart & Wentz 1926]. Address: 1. Prof., Dep.
of Agronomy, Univ. of Arkansas, Fayetteville, Ark.
1815. Dornhoff, Gary M.; Shibles, R.M. 1970. Varietal
differences in net photosynthesis of soybean leaves. Crop
Science 10(1):42-45. Jan/Feb. [12 ref]
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• Summary: “Leaf net CO2 exchange of 20 varieties of
soybeans... was measured by infrared gas analysis. The
varieties differed significantly in net photosynthesis at 100,
200, 300, and 400 ppm CO2.
“Net photosynthesis of most varieties began to increase
around Aug. 4, at the approximate beginning of seed filling.
A linear trend in increasing leaf density-thickness occurred
from beginning of testing. The increase in net photosynthesis
is postulated a result of (a) decreased CO2 diffusion
resistance within the leaf, and/or (b) increased demand for
photosynthate for seed formation.” Address: Graduate Asst.
and Prof., Dep. of Agronomy, Iowa State Univ., Ames, Iowa
50010.
1816. Holm, Robert E.; O’Brien, T.J.; Key, J.L.; Cherry, J.H.
1970. The influence of auxin and ethylene on chromatindirected ribonucleic acid synthesis in soybean hypocotyl.
Plant Physiology 45(1):41-45. Jan. [10 ref]
• Summary: “Soybean seedlings treated with ethylene
exhibited small increases in ribonucleic acid content in the
elongating section of the hypocotyl. Chromatin isolated from
the elongating section of ethylene-treated seedlings showed
a 35 to 60% increase in the capacity for RNA synthesis. The
ethylene-induced response was saturated at 1 microliter/
liter of ethylene and was fully expressed after 3 hours.
Auxin caused marked accumulation of RNA and DNA in the
elongating and basal tissue of the hypocotyl.”
Note: “Chromatin” the the material of which the
chromosomes of organisms other than bacteria (i.e.,
eukaryotes) are composed. It consists of protein, RNA, and
DNA. Address: Depts. of Botany and Plant Pathology and
Horticulture, Purdue Univ., Lafayette, Indiana 47907.
1817. Howell, R.W. 1970. Soybean metabolism as related to
crop productivity. Soybean News (NSCIC) 21(2):1, 4. Jan.
• Summary: “The tremendous increase in research on
physiology is probably the most conspicuous trend of
soybean research during the last decade. Substantial
programs in soybean physiology now exist at several
institutions, and their productivity has been both encouraging
and informative. I will single out some of the areas for
comment, and then speculate on directions of useful
emphasis for the future.
“Probably the greatest emphasis in the increased
programs of soybean physiology has been on photosynthesis.
Excellent work on soybean photosynthesis has been done at
Minnesota, Iowa State, Illinois, North Carolina State, and
other locations. Only a few years ago we learned that corn
and some of the other grasses can respond to much higher
light intensities than soybeans and most dicotyledonous
plants. Soybean leaves become light-saturated at about
one-third the intensity of full sunlight; the grasses are not
saturated even in full sunlight. A little later we learned about
photorespiration, a process that bleeds away CO2 and seems

to be characteristic of those species which are saturated
at low light intensities. Many of us hoped to find genetic
variability for this character within the species–some aspect
of photosynthesis which could be exploited (by management
or breeding) for improvement in soybean productivity. We
have not found a genotype that responds to full sunlight, like
corn, nor one which has no photorespiration. But we have rediscovered some anatomical variability that may be useful–
that may provide a more favorable display of plant surfaces.
Brun, Moss, and their associates at Minnesota have screened
most of the available soybean germ plasm and much germ
plasm from many other species. I believe their conclusion
is that intra-specific and intra-genetic variability for CO2
uptake and photorespiration is very limited.
“Mineral nutrition has been another active research
area and has provided a vehicle for useful interaction of soil
fertility people, physiologists, and breeders. The number
of reports of genetic differences in nutritional parameters
is impressive and growing. There is an awareness that
interactions of varieties and soil characteristics occur. This
fact has been used in breeding in the case of resistance
to phytophthora rot, which is more damaging on certain
soil types than on others. So far, most of the variables
in mineral nutrition of soybeans have not been shown to
be of significance in the field, but they have made their
contribution to the understanding of the complexity of the
situation.
“Nodulation and nitrogen fixation is another area in
which rapid progress has been made. A recent conference of
workers in nodulation and nitrogen fixation drew about 40
scientists.
“Many other examples, such as those involving moisture
relations, could and probably should be cited. They all attest
to the impressive increase in soybean physiology research. I
hope this increased emphasis continues. But I would like to
see some shift in emphasis. Most of the recent physiological
research such as I have been discussing is what I will call
‘external’ physiology. Thus studies of CO2 absorption,
light intensity, responses to nutrient levels, temperature
effects, etc., have generally, although not always, dealt with
an externally visible response of the plant to its external
environment. Such approaches should be continued, with
ever more sophisticated techniques.
“My topic is Metabolism as related to Crop Productivity.
Metabolism is internal, therefore my plea is for an increase
in ‘internal’ physiology studies. Despite some conspicuous
exceptions, this is not yet a strong area of research among
soybean people nor agronomists in general. What do I
mean by ‘internal’ physiology? We need to find out more
about what goes on inside the plant, inside the cell, inside
the organelles–down to the enzymes and nucleic acids, if
you please–and what significance these things have to crop
production. Some examples may be helpful.
“In photosynthesis we do see some differences in carbon
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dioxide uptake. We speak rather easily of ‘photosynthetic
efficiency,’ usually meaning the ability to fix increasing
amounts of CO2 at increasing light intensity. What does
the term “efficiency” imply in a metabolic sense? Do the
enzymes from some genotypes or species fix CO2 less
readily than those from others? If so, why? Moss and others
have commented on apparent structural differences between
chloroplasts in cells surrounding leaf veins and those in
other cells. Are there missing cofactors or the presence of
inhibitors, or physical barriers in chloroplasts of inefficient
cells, plants, or species? If the light energy is trapped in
chemical form more effectively in one case than in another,
what makes it possible? Are electron-transport systems less
efficient in soybeans than in corn? Do the dark reactions
proceed more slowly?
“These answers must be sought inside the cell.
“The ‘sink’ concept has been a stimulating one the last
couple of years. As I understand it, this concept holds that the
more fruiting structures or storage organs there are, the more
photosynthesis there will be. The relationship is obviously
a reciprocal one. This idea has been refined and redefined,
but it is not new. It is but an example of an ancient chemical
principle: a reaction continues in one direction if the
products in that direction are removed. If photosynthate has
some place to go, it does not accumulate in the chloroplast
where it would tend to lead to equilibrium. One of the first
bits of soybean lore that J.L. Cartter gave to me was the
opinion that the soybean plant will make as many pods and
seeds as it ‘can support. This simplified generalization, as
well as the term ‘sink,’ leaves a host of unanswered questions
as to hormonal and nutritional factors that may be involved.
It leads to a concept which, stated superficially, is that yield
is limited by pod set. Such an idea confuses cause and effect
and neglects the importance of events after fertilization.
Hartwig has shown that in comparing near isogenic lines
differing in number of seed per pod or in seed weight, neither
pod number nor seed size affects yield significantly. We
learned years ago that if plants are shaded after they finish
flowering, many pods are shed and that the size of remaining
seeds is about the same as that of seeds on unshaded plants.
If pods are removed, senescence is delayed and the leaves
stay green.
“What do we know of the metabolism that maintains this
delicate balance between storage space (sinks = seeds) and
photosynthesis, and vice versa? How does the chloroplast
get the signal, when times are tough, that some of them
will have to go? A paper at this meeting concludes that high
energy conditions favor oil synthesis, as opposed to protein
synthesis. Granting that this is true, and assuming that
nitrogen supply is not a actor, why is it true? Oil synthesis
requires the investment of more energy than does protein
synthesis. It is therefore wasteful of energy in the sense that
more energy is needed to make a ton of economic product.
However, oil is a more concentrated form of storage energy

since there is more energy per unit weight or volume in
lipids than in protein or carbohydrate. Where and what is
the metabolic control or switch that enforces the priority of
oil synthesis over protein synthesis? It there really such a
priority in soybeans? Note that protein is usually about 40%
of seed weight, and oil about 20%. Rinne has preparations
from soybean seeds which make 18-carbon fatty acids from
acetate. Would they do so if lipid synthesis had to compete in
his test tube with protein synthesis?
“How much do we know about the interaction of
soybeans and their ever-present companion Rhizobium
japonicum? What effects does R. japonicum have on plant
processes other than nitrogen fixation? C.R. Weber, did
not get more yield from the non-nodulated plant than the
nodulated, no matter how much nitrogen he provided. Why?
One has only to compare the roots of nodulated and nonnodulated soybeans to see ample evidence that nodulation
markedly reduces root growth and development. But do
we know how or why the development of a nodule affects
growth of root or initiation of branch roots at points remote
from the nodule site? It is hard to imagine that the restricted
root system of a well-nodulated plant could take up nutrients
as effectively as the more extensive root system of a nonnodulated plant under field conditions. Can we reasonably
assume that genes at the Rji locus have no pleitropic
[pleiotropic] effect and are not closely linked to other genes
affecting nutrition?
“We have seen evidence of genotypic differences in
the uptake of mineral nutrients. Brown and his associates
have studied iron extensively. In this case the genotypic
differences appear to be associated with organic acid’
metabolism. In the cases of other elements the metabolic
causes are more obscure. Much of the current action in
mineral nutrition centers on the role of mitochondrial and
other membranes inside the cell in uptake and exchange
of ions. The work at Illinois of Hanson and his associates
illustrate the vastness of opportunities for productive
research at the subcellular level. Such phenomena at sites
where energy transfer is concentrated should hardly be
overlooked if we are to understand why one genotype differs
from another and, more importantly, which is agronomically
desirable” (Continued). Address: USDA.
1818. Howell, R.W. 1970. Soybean metabolism as related to
crop productivity. Soybean News (NSCIC) 21(2):1, 4. Jan.
• Summary: Continued: “The most tremendous
achievements in genetics a generation ago came from plant
geneticists utilizing powerful mathematical tools which
are still being expanded to provide better understanding
of the probabilities of inheritance. Nobel prizes these
days, however, are won not by statistical geneticists but
by biochemical geneticists. It is time for plant scientists to
enlarge their studies of inheritance at the chemical level. The
boundaries of classical disciplines have proven to be obsolete
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in this field, and so must it be as agronomists take the lead
in the study of biochemical genetics of higher organisms.
This will require the talents of those who call themselves
geneticists, biochemists, and physiologists.
“Some say that the biochemical principles of inheritance
have been established with microorganisms, and that
extension of these concepts to higher organisms will offer
little excitement or romance.
“I don’t think so. The contrast between single-celled
organisms, with their simple and unitary systems, and
the perfectly correlated systems of higher organisms is
qualitative as well as quantitative. E. coli lacks leaves
and petals, roots and nodules, eyeballs and fingernails.
Theoretical bases are needed for the exploration of the
chemistry of inheritance in higher organisms and especially
of inheritance of systems that control specialization. Who
has a better opportunity to find understanding of the complex
chemistry of inheritance than agronomists? We have the
strongest foundation of statistical genetics, we have or can
acquire the finest biochemists and laboratories, and no one
joins a picket line because a few thousand soybean plants are
sacrificed in the interest of science.
“These are only examples and perhaps simple ones
of questions that agronomic physiologists must consider.
The literature of plant physiology and biochemistry is full
nowadays of studies of enzymes, membranes, electrontransport, etc. In all too many cases these papers stop
short before asking the big question: what good is it? They
don’t relate enough to real problems. That is the job of the
agronomic physiologist. Will we be able to find answers in
any of these areas that will be useful to agriculture? Will
more detailed understanding of photosynthesis, or protein
synthesis, or of biochemical genetics contribute to higher
crop yields or to improving world food supply? Time will
tell. I am optimistic enough to believe that any fact which
truly adds to man’s knowledge of nature is useful. The
biggest problem from the so-called information explosion
is not, as many assert, the difficulty of assimilating the new
material. The trouble is that what is really new is diluted or
hidden by a distressing amount of current literature which
adds little or nothing to man’s book of knowledge.
“Continued progress will demand, as it has throughout
history, continued improvement in our understanding of
the plants that are the foundations of civilization.” Address:
USDA.
1819. Fisher, Donald B. 1970. Kinetics of C-14 translocation
in soybean: III. Theoretical considerations. Plant Physiology
45(2):119-25. Feb. [19 ref]
• Summary: “Based largely on data from soybean, some
mathematical models are derived to describe the transport
kinetics of 14C-photosynthate. The effects of leaf size,
leaf shape, and translocation velocity on the rate of tracer
efflux from the leaf are considered, and it is shown that the

duration of these effects will approximate the time required
for tracer to reach the petiole from the farthest point of the
leaf. This duration is designated as the ‘kinetic size’ of the
leaf. Although its effect will be slight in the case of soybean
(about 2 to 3 minutes), a considerable effect of the kinetic
size will be found in the case of large leaves, or when the
translocation velocity is low.” Address: Dep. of Biochemistry
and Biophysics, Iowa State Univ., Ames, Iowa.
1820. Fisher, Donald B. 1970. Kinetics of C-14 translocation
in soybean: II. Kinetics in the leaf. Plant Physiology
45(2):114-18. Feb. [19 ref]
• Summary: “The kinetics of 14C-assimilates in the
soybean leaf were studied in pulse labeling and steady state
labeling experiments. 14C-Sucrose apparently served as
the ultimate source, at least, of translocated 14C-sucrose.
However, since the specific activity of leaf sucrose reached
a maximum within 5 minutes after pulse labeling, whereas
that of exported sucrose did not reach a maximum until at
least 20 minutes, it appeared that there were two sucrose
compartments in the leaf. A possible physical basis for
the two compartments may be the...” Address: Dep. of
Biochemistry and Biophysics, Iowa State Univ., Ames, Iowa.
1821. Fisher, Donald B. 1970. Kinetics of C-14 translocation
in soybean: II. Kinetics in the stem. Plant Physiology
45(2):107-13. Feb. [25 ref]
• Summary: “A kinetic study was made of the translocation
of 14C-photosynthate through soybean stems following
pulse labeling and during steady state labeling of the first
trifoliolate leaf. The translocation profile proceeded down
the stem with little or no change in shape. Following pulse
sucrose accounted for 90 to 95% of the radioactivity in
the stem at all times up to 2 hours, at which time less than
3% of the activity was in an insoluble form. Kinetic data
on the relative specific activities of sucrose in the leaf and
petiole indicated that two-thirds of...” Address: Dep. of
Biochemistry and Biophysics, Iowa State Univ., Ames, Iowa.
1822. Gilbert, James C.; Chinn, J.T.; Tanaka, J.S. 1970.
Four new tropical vegetable-type soybeans with root-knot
nematode resistance. Hawaii Agricultural Experiment
Station, Research Report No. 178. 7 p. [Feb.]. Undated.
• Summary: Newly released vegetable type soybean
varieties, all released in 1969, are Kahala, Kaikoo, Kailua,
and Mokapu Summer. All are maturity group IV created
from the cross UD288 (Hawkeye x FC 33.243) x Bansei.
“Soybean cultivars suitable for use as a vegetable crop differ
from most cultivars grown as field crops in having larger
seeds and greater palatability to humans in the immature or
green-pod stage. In Hawaii and other islands of the Pacific,
they are boiled in heavily salted water for 20 minutes and
served in the pod. The green seeds are eaten and the pods
discarded. The high protein content and palatability of this
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food make it considerable potential value in the improvement
of human diets where proteins are scarce and expensive.”
Finding a replacement for ‘Bansei,’ which is susceptible
to rot knot nematodes, has been a concern of soybean
breeders at the University of Hawaii’s Department of
Horticulture. “’Bansei’ has been popular in Hawaii as a
vegetable type because of its large seed size, high quality,
and short height in the summer months. Local growers have
preferred a plant height of only 14 to 18 inches with an
early maturity rating. These comparatively small plants are
usually harvested and sold in bunches with the green pods
attached, although some growers now market only the pods
and can use taller or later maturing plant types. ‘Bansei’ has
the disadvantage of excessively short plant height during
the ‘winter’ months in Hawaii as well as being susceptible
to root-knot nematodes, root rotting fungi, and rose beetle
defoliation.
“The soybean breeding program, using a root-knot
resistant field type from the University of Delaware (UD
288), has made available some new combinations with the
good eating qualities of ‘Bansei’ and the root-knot resistance
of UD 288 (see Fig. 1 and 2).” The two parental lines were
developed by Mr. Wan-Lai Chang of Taiwan while working
on an inheritance study of root-knot resistance toward his
M.S. degree at the University of Hawaii. Photos taken at the
Poamoho Experimental Farm, May 1968 show: (1) Bansei,
Kailua, and Kaikoo cultivars. (2) Kailua pods in a root-knot
infested field.
Note 1. This is the earliest document seen (Nov.
2020) that mentions the soybean varieties Kahala, Kaikoo,
Kailua, or Mokapu Summer. None of these four varieties
was registered in Crop Science. However all four were
announced in HortScience (June 1970, p. 146-49).
Note 2. Talk with Sharon of the College of Tropical
Agriculture and Human Resources (CTAHR), Univ. of
Hawaii, Honolulu. 1999. Aug. 24. They have a database
showing the publication date of all Hawaiian agricultural
publications. This Research Report No. 178 was published in
Feb. 1970. Address: Hawaii Agric. Exp. Station.
1823. Soybean Digest. 1970. How the men with the high
yields get rid of weeds: most top yield producers still
cultivate, but there’s an increasing trend to 100% reliance on
herbicides. Feb. p. 18-21.
• Summary: “How do the men who produce top soybean
yields control weeds? What other steps do they take to get
their high yields?
“Soybean Digest asked over 80 growers with high yield
records–many of them past champions–to answer these
questions. Thirty-nine men from 16 states responded.
“They gave a variety of answers, as expected. But they
agree on certain practices.
“1–Every top producer except one used herbicides on
his soybeans in 1969, and all will use them in 1970.

“2–With two exceptions, all still cultivated soybeans
in 1969. Most consider cultivation an integral part of their
weed control operation. But more will go to all-chemical
control in 1970, including the man with the largest acreage:
James Jacks who grows 8,000 acres of soybeans annually at
Thornton, Mississippi. And there is a trend toward narrower
rows or no rows at all with increased reliance on chemicals.
“3–Top soybean yield producers generally use more then
one herbicide or a herbicidal mixture and try to tailor the
choice of herbicide to their individual weed situations. They
are interested in trying new herbicides as they come on the
market.
“4–They try to keep up with other new ideas affecting
yields. They are keenly interested in use of fertilizers as well
as the effect of row width, and also in varieties, certified
seed, growth regulators, and a host of other production
practices that include date, rate, and depth of planting, deep
plowing, and irrigation.
“The men who responded to the Digest questionnaire
averaged 700 acres of soybeans last year, and their average
yield was 40 bu/a. Their best fields or test plots averaged
56.5 bu/a.
“But they were not all big operators. Their acreage in
soybeans ranged from 35 to Mr. Jacks’ 8,000 last year.
“Adverse weather hit some of the group. Average yields
ranged from 15 bu/a (in a drought area in Missouri) to a
5-acre test plot of Donald Kuhle, Assumption, Illinois, that
went 85.33 bu/a.
“Cultivation: A sizable number of producers cultivated
only once last year. A combination of rotary hoeing and
cultivation (each once or twice) was popular. Some used
the disk with the rotary hoe or cultivator, in some cases
following fall plowing.
“Mr. Kuhle, who grows 2,000 acres of soybeans and was
a 1968 yield champion, plows in the fall, disks in the spring,
rotary hoes and cultivates, and plants at the latest possible
date. But others favor earlier planting.
“Clyde G. Scott, Sikeston, Missouri, used the flame
cultivator along with the rotary hoe and the conventional
cultivator and calls this his best recent weed control idea. His
overall average yield was 40 bu/a on 225 acres of soybeans.
“Bernard McMenamy, St. Charles, Mo., used cultivation
on some but not all of his 450 acres of soybeans last year.
Donald J. Storeholder, Lyons, Ohio, plans to drill solid a few
acres of beans in 1970.
“Robert Huser, Neodosha, Kansas, who grew 220 acres
of beans, will chisel plow, try less tillage, and a broader
spectrum weed killer to permit drilling his beans solid in
1970.
“Charles D. Crawford, who grows 1,000 acres of
soybeans at Eudora, Arkansas, tries not to cultivate except
when his chemicals break down, then uses a crop maker with
one large sweep or a rotary sidewinder.
“Preston Boyd, Hopkinsville, Ky., uses herbicides only

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 592
with no cultivation and mostly no-till planting. He will go
to more no-till beans in 1970 and says this way moisture is
no serious problem. He averaged 50 bu/a on 200 acres of
soybeans last year.
“And Mr. Jacks plans all chemical weed control with no
cultivation after seeding on his big soybean acreage this year.
He says only a small amount of spring plowing will conserve
moisture. He expects the moisture conservation and a level
row profile for harvest to increase yield. Mr. Jacks recently
changed from 38- to 30-inch rows.
“Pressing problems: Almost twice as many producers
listed broadleaved weeds as compared to grasses as their
most pressing weed problem. Pigweeds led the list with
cockleburs close behind. Foxtail and giant foxtail were by all
odds the most important grasses. A few listed johnson-grass.
Growers listed 17 troublesome weeds and 6 grasses.
“Mr. McMenamy says the cocklebur is becoming worse
than any other weed in southeast Missouri and will be the
most serious weed in 1970. But Allen I. Earley, Milford,
Illinois, calls grass the worst weed problem. He says timely
working of the ground ahead of the planter remains the best
weed control idea, but weather doesn’t always permit.
“John A. Ludens, Davis, South Dakota, is happy over
his results with chemical control. ‘We have been using
herbicides for several years and we just don’t have much
weed problem,’ he says.
“Eldon K. Ewalt, Knox City, Missouri, has found that
soybeans following corn treated with atrazine has worked
fairly well.
“Mr. Storeholder at Lyons, Ohio, says, ‘Know your
weed problem before planting as it makes a lot of difference
in the herbicide to use on each field.’ He grew 112 acres of
soybeans in 1969 and the yield on his top field was 72 bu/a.
“Richard Johnson, Beloit, Wisconsin: ‘In our area the
past year everything was against us. We drowned out, hailed
out, dried out. You could not cultivate and all weeds went
to seed for next year, such as quackgrass, horseweed, water
weed, foxtail. I would like to know the best spray for each
weed. With declining bean prices, you have to have bigger
yields.’
“Sherrell Bean, Lamar, Missouri: ‘Large-seeded weeds
such as cocklebur, annual morningglory, and jimson have the
ability to sprout and emerge from well below the herbicide
zone, making them difficult to control. It is my thinking that
since I have gone from moldboard plowing to chiseling I will
not be incorporating nearly as many of these seeds at this
extreme depth so that the existing seeds will be concentrated
more in the “herbicide layer” and thus more easily controlled
by the herbicide. Since I quit moldboard plowing 3 or 4 years
ago I believe I can see an improvement in results of some
herbicides which could be attributed to the location of the
weed seed in the soil.’
“Jim Peeler, Hamburg, Iowa, writes: ‘I fall plow or
chisel, depending on soil condition, disk in Treflan with

fertilizer in early spring, disk again about a week before
planting, then level with 24-ft. spring tooth ahead of planter.
“’I use a 600 series Allis-Chalmers 6-row 30-inch
planter. I then run a rotary hoe once or twice, then cultivate
once, twice if needed. I hire high school girls to walk for
weeds that are left. The girls will do a lot more work than
boys.
“’This year I used some Amiben and Lasso. It was too
wet to apply Treflan early. I liked results from both products.’
“Mr. Peeler adds: ‘As a custom combine operator I
find a lot of bean farmers expect miracles from chemicals
and don’t put much effort into the crop. Let weeds, grass,
volunteer-corn, etc. take their crop. Then they wonder how
come their beans didn’t make as much as the ones down the
road that were cared for like they should be.’
“Some of the larger operators, including Mr. Jacks and
Mr. Crawford, are flying on herbicides. Says Mr. Crawford:
‘If the grass or weeds are not too bad we will plant and then
just before the soybeans come out of the ground we will fly
on DSMA and Lorox. That gets the vegetation plus some
weed control with Lorox later and we don’t have to hurry to
get back with our postemerge for about 10 days to 2 weeks’”
(Continued).
1824. Elmstrom, G.W.; Howard, F.D. 1970. Promotion and
inhibition of iron accumulation in soybean plants. Plant
Physiology 45(3):327-29. March. [7 ref]
• Summary: “Plants of four soybean... genotypes differing
in their ability to accumulate iron were studied. The efficient
genotypes were Hawkeye (HA) and A62-9 (E-9), and the
inefficient ones were PI-54619-5-1 (PI) and A62-10 (I-10).
When plants of opposite efficiency were grown in the same
solution, iron accumulation decreased in the primary leaves
of efficient plants, but it was unaffected or slightly reduced
in the leaves of inefficient plants. Absorption of iron during
a 24-hour period by 17-day-old plants indicated that...”
Address: Dep. of Vegetable Crops, Univ. of California,
Davis, California 95616.
1825. Li, Hui-lin. 1970. The origin of cultivated plants in
Southeast Asia. Economic Botany 24(1):3-19. March. [40
ref]
• Summary: “Cultivated plants represent man’s most
important heritage, and we cannot afford to lose sight of
this fact even in an age of great and rapid technological
advancement... The beginning of scientific studies on origins
of cultivated plants stems from the work of Alphonso de
Candolle, specifically from his Géographie botanique
raisonée (1855). The latest botanical methods were
employed and correlated with evidence from archaeology,
history, and linguistics. The cultivated plants were treated
only as a chapter in a work on the distribution of plants as a
whole... This chapter was later revised and greatly expanded
into his L’origines des plantes cultivées (1882), a standard
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classical treatise on this subject even today...
“At about the same time, Mendel was using cultivated
plants in his experimental studies of the nature of variation.
His Versuche über Pflanzen-Hybriden (1865) lay unnoticed
by the scientific world until 1900, when its rediscovery
sparked the science of genetics... It was, however, not until
Vavilov that genetics was consistently and systematically
applied to the elucidation of problems on the origins
of cultivated plants. Vavilov’s Studies on the Origin of
Cultivated Plants (1926) has exerted a great influence on
later workers. He refined and brought up to date the botanical
methods of de Candolle, while the newer approaches of
genetics and cytogenetics were introduced and correlated
with the older methods.” Following continual revision,
Vavilov’s final scheme indicates 8 world centers of the origin
of cultivated plants (including China) and 3 supplemental
centers. But while Vavilov was most familiar with Europe,
western Asia, and South America, “he seems to have been
relatively unfamiliar with eastern Asia. His ‘Chinese center’
embodies the whole of China from northern cold-temperate
regions all the way to the subtropical south.”
The author proposes four horizontal belts of origin
of cultivated plants in South-East Asia. The Northern
China Belt, which includes the Yellow River Valley and
the southern part of northeastern China (Manchuria) is
the famous loess region, and the place of birth and early
development of Chinese civilization. Though the loess soil
is especially suitable for the development of agriculture, the
climate of this belt is the most severe, the “precipitation is
the least and the most unevenly distributed, and it has the
fewest types of plants. However the cultural level of the
people here is developed to a higher degree, and its system
of agriculture is also the most complete. This situation seems
to agree with Toynbee’s theory that civilization develops as a
result of a challenge.” One of the cereal crops that originated
in this belt is millet, Panicum miliaceum, the most important
cereal in earliest times. Foxtail millet, Setaria italica, also
appeared in this belt at an early date. Both were widely
cultivated in Neolithic times.
“From ancient to present times, the chief legume crop
of northern China has been the soybean, Glycine max. It was
called in ancient times, Shu, and it is now generally called Ta
Tou (Great Bean)... Today, it is the most wide spread and the
most diversely utilized crop in all China...
“The cultivation and utilization of the soybean in ancient
China also greatly affected the development of agriculture.
The ancient peoples are known to have been at first ignorant
of the use of fertilizers, but eventually discovered that the
cultivation of soybeans increased the productivity of the
soil. Thus the soybean is responsible for the development
of crop rotation and the application of fertilizers. Among all
the legume crops, the soybean has the most complete protein
complex, approaching most nearly that of animal protein.
Thus, in human nutrition it can completely replace animal

food. The relatively small development of animal husbandry
and fishery in northern China could be the effect of the use of
soybean...
“The soybean is also the most important edible oil
crop in China. The ancient people, because of their limited
knowledge and technology, did not know how to extract oil
from seeds...
“In ancient times the tender leaves of the soybean, called
Huo, were also used as a leafy vegetable.” Legumes and
oil crops are more important in the north than in the south
of China. When man domesticates plants and animals, he
himself becomes domesticated and civilization begins.
Although the flora of the Japanese Archipelago is fairly
rich, no important cultivated crops originated there; all were
introduced from outside. Address: Morris Arboretum, Univ.
of Pennsylvania, Philadelphia.
1826. Tiffin, Lee O. 1970. Translocation of iron citrate and
phosphorus in xylem exudate of soybean. Plant Physiology
45(3):280-83. March. [9 ref]
• Summary: “Soybean plants,... in standard solution received
2.5 μm ferric ethylenediamine dio-hydroxyphenylacetate
(FeEDDHA) and 0 to 128 μm phosphorus. Their stem
exudates contained: 32 to 52 μm Fe, 120 to 5000 μm P, and
120 to 165 μm citrate. Electrophoresis of exudates with
high P caused Fe trailing that precluded identification of any
major form of Fe. Exudate with low P gave an anodic band
of Fe citrate as the major Fe compound. Phosphate added to
exudate in vitro depressed the Fe citrate...” Address: USDA,
ARS, SWC [Soil and Water Conservation], Mineral Nutrition
Lab., Beltsville, Maryland 20705.
1827. Weber, C.R.; Empig, L.T.; Thorne, J.C. 1970. Heterotic
performance and combining ability of two-way F1 soybean
hybrids. Crop Science 10(2):159-60. March/April. [9 ref]
• Summary: “Specific combining ability effects were
significant for seed yield, maturity date, plant height, and oil
content. Except for oil content, general combining ability
estimates were significant and were two to six times larger
than specific combining ability effects.” Address: 1. Iowa
State Univ.
1828. Blumenfeld, A.; Gazit, S. 1970. Interaction of kinetin
and abscisic acid in the growth of soybean callus. Plant
Physiology 45(4):535-36. April. [9 ref]
• Summary: “Our data, together with the results of Aspinal
et al. (2), indicate that abscisic acid can act as a synergist to
the action of other growth substances in various biological
systems. Until now, this synergistic effect has been noted
only with gibberellins (2); we surmise that the same
effect might occur with auxins. It would be interesting to
see if similar effects were obtainable in other biological
systems.” Address: Dep. of Horticulture, The Volcani Inst. of
Agricultural Research, Bet Dagan, Israel; and The Hebrew
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Univ. of Jerusalem, Faculty of Agriculture, Rehovot, Israel.
1829. Brest, David E.; Hoshizaki, Takashi; Hamner, K.C.
1970. Circadian leaf movements in Biloxi soybeans: short
communication. Plant Physiology 45(5):647-48. May. [2 ref]
• Summary: “Leaf movement in Biloxi soybean has been
investigated in some detail by Bunning (1) and Holdsworth
(2). The results and the interpretations presented by these
investigators differ with regard to the nature of the leaf
movement response. Bunning considers the leaf movement
to be a circadian manifestation of the physiological clock,
while Holdsworth considers it to be essentially a photonastic
response. The purpose of this investigation is to determine
more precisely the nature of the leaf movement response.”
Address: Dep. of Botanical Sciences and Space Biology
Laboratory, Brain Research Inst., Univ. California, Los
Angeles, California 90024.
1830. Oakes, A.J. 1970. Legumes in the U.S. Virgin Islands.
Turrialba (Costa Rica) 20(2):153-65. April/June. See p. 15760. [46 ref]
• Summary: This article, received for publication in April
1969, contains extensive information on soybeans. More than
80 soybean lines, comprising introductions from Central and
South America, and established varieties from the continental
United States, were evaluated in variety trials from 1962 to
1965 at the Virgin Islands Agricultural Experiment Station,
Kingshill, St. Croix, U.S. Virgin Islands. Starting on Sept. 13
each year, the soybeans were planted at 2-week intervals at
the onset of the wet season and harvested during the ensuing
dry season in January. The varieties Biloxi and Otootan
produced the most growth. Improved Pelican and Yellow
Gatan were among the others tested.
“During long day lengths, the plant continues vegetative
growth and, under field conditions, initiates flowering when
the daylength period has shortened below a critical level.
This critical day-length factor is specific for each variety...
The optimum planting time for soybeans in the Southern
United States occurs when the day length reaches or exceeds
14.5 hours. Day lengths of this duration are never attained
at the latitude of the Virgin Islands. Available soil moisture
is often the controlling factor which determines the planting
date of the crop in the dry Tropics, including the Virgin
Islands.”
“A combination of factors, including photoperiodic
response, soil alkalinity, inadequate and poor distribution of
rainfall, susceptibility to crop pests [such as soybean-cyst
nematode], and weed competition contribute to the lack of
success in growing soybeans in the Virgin Islands. Based on
these results, soybeans are not recommended as a forage or
grain crop under local conditions. These results, along with
similar results from other tropical areas, emphasize the need
for developing varieties through plant breeding techniques
which are adapted to the dry Tropics.”

Note: In May 1996 Dr. Martin Adjei, agronomist at the
University of the Virgin Islands, Agricultural Experiment
Station (Kingshill, St. Croix) said that the last soybean trials
in the Virgin Islands, conducted in the late 1960s and early
1970s, are described in this document. No soybean research
is being done currently. Address: Research Agronomist,
Crops Research Div., ARS, USDA, Beltsville, Maryland.
1831. Ambler, J.E.; Brown, J.C.; Gauch, H.G. 1970. Effect
of zinc on translocation of iron in soybean plants. Plant
Physiology 46(2):320-23. Aug. [13 ref]
• Summary: “Zinc interfered with translocation of iron from
roots to above ground parts of Glycine max. (L.) Merrill
var. Hawkeye. During periods in which zinc impeded iron
translocation, it also suppressed the production of reductant
by roots. Addition of iron, as a ferric metal chelate (iron
ethylenediaminedihydroxyphenylacetic acid), to the growth
medium overcame the interference of zinc. In the root
epidermis, potassium ferricyanide formed a precipitate
(Prussian blue) with ferrous iron derived from the previously
supplied iron... The reduction of ferric iron was suppressed
by zinc.” Address: Mineral Nutrition Laboratory, SWCRD,
Agricultural Research Service, USDA, Beltsville, Maryland
20705, and Department of Botany, University of Maryland,
College Park, Maryland 20742.
1832. Boyer, J.S. 1970. Leaf enlargement and metabolic
rates in corn, soybean, and sunflower at various leaf water
potentials. Plant Physiology 46(2):233-35. Aug. [19 ref]
• Summary: “Rates of photosynthesis, dark respiration,
and leaf enlargement were studied in soil-grown corn (Zea
mays), soybean..., and sunflower (Helianthus annuus) plants
at various leaf water potentials. As leaf water potentials
decreased, leaf enlargement was inhibited earlier and more
severely than photosynthesis or respiration. Except for low
rates of enlargement, inhibition of leaf enlargement was
similar in all three species, and was large when leaf water
potentials dropped to about -4 bars.” Address: Dep. of
Botany, Univ. of Illinois, Urbana, Illinois 61801.
1833. Boyer, J.S. 1970. Differing sensitivity of
photosynthesis to low leaf water potentials in corn and
soybean. Plant Physiology 46(2):236-39. Aug. [26 ref]
• Summary: Rates of net photosynthesis were studied in
soil-grown corn (Zea mays) and soybean... plants having
various leaf water potentials. Soybean was unaffected by
desiccation until leaf water potentials were below -11 bars.
Rates of photosynthesis in corn were inhibited whenever leaf
water potentials dropped below -3.5 bars. The differences
in photosynthetic behavior could be attributed solely
to differences in stomatal behavior down to leaf water
potentials of -16 bars in soybean and -10 bars in corn. Below
these potentials, other factors in addition to stomatal closure
caused inhibition, although their effect was relatively small.
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Address: Dep. of Botany, Univ. of Illinois, Urbana, Illinois
61801.
1834. Jaycox, Elbert R. 1970. Ecological relationships
between honey bees and soybeans. I. Introduction. American
Bee Journal 110(8):306-07. Aug. [13 ref]
• Summary: Contents: Introduction. Importance of honey
bee-soybean relations. Pollination of soybeans. Nectar yields
from soybeans. Soybean yields and bees. Address: Dep. of
Horticulture, Univ. of Illinois, Urbana.
1835. Clark, R.W.; Mies, D.W.; Hymowitz, T. 1970.
Distribution of a trypsin inhibitor variant in seed proteins of
soybean varieties. Crop Science 10(5):486-87. Sept/Oct. [11
ref]
• Summary: Soybean trypsin inhibitor is a protein that
was discovered by Bowman (1944) and is regarded as an
“antinutritional factor in soybeans.”
Consumption of raw soybeans causes pancreatic
hypertrophy in chickens (Bray 1964; Chernick et al. 1948)
and “is believed to inhibit growth, by upsetting the balance
between methionine and cystine in the pancreas” (Booth et
al. 1960).
Two different forms of soybean trypsin inhibitor protein
were studied using electrophoresis with 294 soybeans. 7%
of the soybeans had Rf 0.92 electrophoretic bands and 93%
had Rf 0.05 bands, where Rf is the relative mobility of the
dye front. Soybean varieties of known origin that had the
Rf 0.92 band were from Japan or Korea and were mostly
in Maturity Groups 1 through IV; but not all soybeans from
Japan or Korea had this band. None of the major commercial
varieties of soybeans presently grown in the USA contained
the Rf 0.92 band. The Rf 0.92 predominates in vegetable
type soybeans. Examples of vegetable types are Agate, Aoda,
Burwell, Giant Green, Goku, Jogun, Portugal, Rokusun, Sac,
Sato-3, Soursei [sic, Sousei], Tortoise Egg, and Wolverine.
Approximately 90 to 95% of the total soybean acreage
in the USA is seeded to varieties derived from six plant
introductions that originated in Manchuria: P.I. [plant
introduction] numbers 30593, 36653, 36846, 50523, 70502,
and A.K.
Note: This is the earliest document seen (Oct. 2013)
concerning trypsin inhibitors and seed electrophoresis. It is
also the first study of the geographical distribution of various
forms of the soybean trypsin inhibitor SBTI-A2. Address:
Dep. of Agronomy, Univ. of Illinois, Urbana, IL 61801.
1836. Hymowitz, T.; Walker, W.M. 1970. Leaf analysis as a
selection index for soybean seed oil and protein. Agronomy
Journal 62(5):631-32. Sept/Oct. [13 ref]
• Summary: “Abstract: Leaf and seed samples were obtained
from 46 lines of soybeans in four maturity groups in 1969
to determine the correlation between selected elements in
the leaf with oil and protein of the seed. Leaf samples were

chemically analyzed by standard procedures for their N, P, K,
Ca, Mg, B, Cu, Fe, Mn, Zn, and Na content. The N content
of seed was determined by standard Kjeldahl methods
and their oil content was measured with an NMR Process
Analyzer. Simple correlations were computed between leaf
components, maturity date, oil, and protein. Significant
correlations were found between leaf components and
maturity date, and leaf components and oil or protein content
of the seed.”
NMR stands for Nuclear Magnetic Resonance. Address:
1. Asst. Prof., Plant Genetics, Agronomy Dep., Univ. of
Illinois, Urbana, IL 61801.
1837. Pendleton, Johnny W. 1970. Versatility of the soybean
plant. Soybean Digest. Sept. p. 32-33.
• Summary: “Versatile is the correct word to describe the
soybean. In many soybean production areas other crops get
the big headlines. Compare the soybean grower to a football
coach. He considers certain other crops as his high scoring
offense. But when the offense bogs down, the versatility
of the soybean provides the defense against the traditional
opponent, weather.
“The plant gives a consistent yield performance over a
great range of climatic and soil conditions. Whether on the
heavy Sharkey clay soils of the Mississippi Delta, the loam
soils of the Midwest, or the sandy eastern soils, this plant
immigrant contributes to the economic well-being of the
community.
“The crop thrives at high temperatures in the tropics or
low temperatures in the upper-temperate zones. Soybeans
compete with other crops in low rainfall areas or in the
monsoon rainfall of countries in southeast Asia.
“The soybean’s versatility in respect to weather is aided
by a comparatively long flowering and fruiting period.
Whereas corn has a very critical period during pollination
when temperature and rainfall must fall within certain limits,
soybeans survive and are opportunists when conditions
improve. Soybeans recover from hail during most growth
stages more readily than many crop species.
“Soybeans are a legume. With proper inoculation, or
rhizobia present in the soil, the plant manufactures its own
nitrogen. This permits stability of yield on soils differing in
organic matter and saves the grower cash outlays for nitrogen
fertilizer.
“Shows wide tolerance to cultural practices: No
other crop has as much tolerance with respect to simple
cultural practices. While many crops require a specific or
short planting period for optimum yields, soybeans have a
long planting period. Thus, in unfavorable seasons and in
many specific areas each year, soybeans are the only crop
alternative. Late plantings often yield surprisingly well and
can be the difference between a farm’s profit or loss. The
increased interest in the past decade in double cropping was
possible only by the tolerance of the soybean plant to late
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planting.
“The lack of yield differences due to rate of planting
of the soybean plant is amazing. In many experiments we
have started with plants spaced 1 inch apart in the row,
then uniformly thinned out either 50% or 75% of the stand
and obtained virtually the same yields. Now, try such an
experiment with corn and see what happens. In other trials
we have cut gaps or skips in the row and found seed yields
almost equal to uniform rows without skips.
“The soybean plant simply reacts to any extra space by
sending out branches and setting more total pods per plant.
Even row spacing trials are not always conclusive. While
northern indeterminant soybeans generally show a favorable
yield response (10%-15%) in narrow rows, most soybean
researchers can show you data from occasional trials where
this was not the case.
“We have tried equidistant plantings with soybeans and
while theoretically this should give the highest yield with
any plant species, the soybean plant did not go to college and
study theory.
“On widely spaced plants we have wondered if branches
were desirable or undesirable. Beuerlein at Illinois carefully
removed branches as they appeared on certain plants and
compared the yields with normal plants. Surprisingly the
yields were almost identical. The debranched plants were
versatile enough to set many pods per node and increase seed
size.
“Dr. Edgar Hartwig has noted that in backcross breeding
programs no one yield component is outstanding in its
contribution. If he increased seed size, he decreased number
of seeds per plant, and conversely if he selected for increased
pods or seeds per plant he obtained smaller seeds.
“Hicks at Illinois meticulously removed floral buds
from certain areas of the plant and noted that only in his
extreme treatments were yields affected. The plant simply
compensated by increasing seed size or pods at other
nodes not deflorated. The plant has the ability to adjust. In
many seasons 75% of the flowers abort or fail to produce
a pod. So the dream of many researchers is to control this
abortion mechanism either by genetic means or with growth
regulators. Yet when one is successful in setting more pods
per plant by either means, a reduction in seed size generally
occurs.
“There have been studies with other crops where total
leaf area over a given area of land was correlated with yield.
Not so with soybeans. We have gone so far as to remove
either one-third or two-thirds of the leaf area on plants
without greatly affecting seed yield. So far the narrow leaf
varieties, which theoretically should increase yields greatly
by increasing light penetration into the canopy, have failed to
do so.
“The effect of plant shape: Considerable interest has
been generated in recent years on the question of plant
shape or geometry. Bauer at Illinois tried several methods

of changing plant geometry of soybeans. He used netting
materials, applied growth regulators and removed the
terminal bud at various stages of growth. Although some
treatments radically changed plant form and growth habit,
yields were surprisingly affected very little.
“Soybeans are not a shallow tap-rooted plant. On the
contrary, there exists a rather fibrous, deeply penetrating root
system which can extract moisture and nutrients from great
depths. Our root excavations generally show that 90% or
more of the corn roots occur in the plow layer (top 6 inches)
whereas soybean roots are well distributed and often reach
5-foot depths on the loess soils in central Illinois.
“Soybeans are fortunate in the U.S. insofar as insects
and diseases are concerned. Many of our crops are subjected
to periodic ravages from these pests and require either
crash breeding programs or great cash outlays for chemical
control. Such pests in soybeans have demanded the attention
of relatively few researchers. Most growers simply plant a
resistant variety.
“The versatility of the soybean plant carries into the
harvest season. The sturdy mature stalks support the crop for
days or weeks after the seeds are mature and the pods are
excellent storage containers. No one likes to see lodging, but
would we not rather have soybean lodging occur in August
than after the crop has matured as so frequently happens to
small grains and corn ?
“At high yield levels the soybean is an exasperating yet
challenging crop to work with because of its versatility. The
more one studies the plant the more amazement and respect
one gains. And about the time one thinks he knows the
answer, the opposite occurs.
“The adoption of known soybean production technology
will cause state yield averages to continue upward.
Agronomists know of no new magic formula or recipe in the
near future for growing 100-bushel soybeans. Soybeans are
so versatile, however, that once a key yield breakthrough is
discovered, all production areas will follow quickly.”
A small portrait photo shows Johnny Pendleton.
Address: Agronomy Dep., Univ. of Illinois.
1838. Wilcox, J.R. 1970. Response of soybeans to endtrimming at various growth stages. Crop Science 10(5):55557. Sept/Oct. [1 ref]
• Summary: “The purpose of this study was to develop
accurate factors to adjust row yields of soybeans... of
different maturities as an alternative to end-trimming at
maturity as a way to control border effects in test plots.
A second objective was to determine how long prior to
maturity end-trimming could be done without biasing yield
estimates.” Address: Research Geneticist, Crops Research
Division, ARS-USDA, and Associate Prof. of Agronomy,
Purdue University, Lafayette, Indiana, 47907.
1839. Sloger, Charles; Caldwell, B.E. 1970. Response
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of cultivars of soybean to synthetic abscisic acid: Short
communication. Plant Physiology 46(4):634-35. Oct. [5 ref]
• Summary: “This paper describes work to determine
whether soybean cultivars differ in their physiological
response to applied abscisic acid. ABA is a naturally
occurring plant hormone that affects a number of
physiological processes, including leaf abscission, leaf
senescence, seed germination, bud dormancy, flowering,
and tuberization (4). Usually, ABA is applied in various
concentrations to whole plants or plant parts. Environmental
factors (3), duration of photoperiod (2), and plant age (4)
affect the plant or plant tissue response to ABA. Reports of
genotypes of a species responding differently to ABA are
rare (see de Fossard in Addicott and Lyon, References 1, 3).
However, in most experiments only one cultivar of a species
is tested for a response to ABA. We applied ABA to 34
soybean cultivars.”
Note: ABA is abscisic acid. Leaf abscission is simply
when a plant drops its leaves. Address: Crops Research Div.,
ARS, USDA, Beltsville, Maryland 20705.
1840. Keck, R.W.; Dilley, R.A.; Ke, B. 1970. Photochemical
characteristics in a soybean mutant. Plant Physiology
46(5):699-704. Nov. [27 ref]
• Summary: “Chloroplasts were isolated from wild type
(DG) and heterozygous mutant (LG) soybean... leaves, and
various biochemical functions were compared. Noncyclic
electron transport, and its coupled phosphorylation, cyclic
phosphorylation and H+ ion transport in both systems,
were 3 to 5 times faster in rate (on a chlorophyll basis) in
the mutant plastids. On a chloroplast lamellar protein basis,
the mutant plastid rates were 1.5 to 2.5 times the wild type
rates. Plastoquinone (PQ) reduction and oxidation (rates
and extent) were...” Address: Charles F. Kettering Research
Laboratory, Yellow Springs, Ohio 45387.
1841. Keck, Robert W.; Dilley, Richard A.; Allen, C.
Freeman; Biggs, Susanne. 1970. Chloroplast composition
and structure differences in a soybean mutant. Plant
Physiology 46(5):692-98. Nov. [34 ref]
• Summary: “A nuclear mutation of Glycine max (soybean)
segregates 1:2:1 in regard to chlorophyll content. The
heterozygous (LG) leaf blade contains about one-half the
pigment content of the wild type (DG) per gram fresh
weight. A lethal yellow (LY) type contains about 1 to
2% of the DG leaf pigment values. The chlorophyll a/b
ratio in the LG is about 5 compared to about 2 in the DG.
Protein/leaf values are lower in the LG and LY types when
compared to DG. The LG plastid lamellae contain more
protein/chlorophyll, cytochromes/chlorophyll, and quinones/
chlorophyll than the DG. P70/clorophyll values are similar
in the DG and LG types.” Address: 1-2. Charles F. Kettering
Research Laboratory, Yellow Springs, Ohio 45387; 3-4. Dep.
of Chemistry, Pomona College, Claremont, California 91711.

1842. Michell, B.E.; Elsharkawi, H.M. 1970. Investigation of
plant water relations with divided root systems of soybean.
Plant Physiology 46(5):728-31. Nov. [27 ref]
• Summary: “Soybean... was grown with root systems
divided between adjacent cartons containing nutrient solution
or soil. By adding polyethylene glycol (Carbowax 6000)
to reduce solute potential or withholding water to reduce
soil matrix potential until water absorption from that side
stopped, the root xylem water potential could be ascertained.
Carbowax appeared to increase root resistance. An imbalance
technique is described with which soil moisture contents of
adjacent containers were followed individually...” Address:
Dep. of Botany, Univ. of Georgia, Athens, Georgia 30601.
1843. Ross, J.P.; Harper, J.A. 1970. Effect of Endogone
mycorrhiza on soybean yields. Phytopathology 60(11):155256. Nov. [12 ref]
• Summary: Growth and yield of soybean plants growing
in small isolated plots previously fumigated with methyl
bromide (to kill nematodes) were increased by 34-40% in
the presence of a chlamydosporic species of the vesiculararbuscular mycorrhizal fungus Endogone. Mycorrhizal
plants accumulated greater amounts of minerals (phosphorus,
carbon, copper, and manganese) and nitrogen in their foliage
than nonmycorrhizal plants. In previously fumigated field
plots, soybean yield was increased 29% by inoculating
with the endomycorrhizal fungus Endogone macrocarpa
(Tul.) Tul. var. geospora. Address: 1. Plant Pathologist; 2.
Agricultural Research Technician. Both: Crops Research
Div., ARS, USDA, P.O. Box 5397, Raleigh, North Carolina
27607.
1844. Sant’Anna, Renato; Ohlrogge, A.J.; Christian,
J.E.; Breckenridge, C.E., Jr. 1970. Foliar absorption and
distribution of 2,3,5-triiodobenzoic acid (TIBA) in soybeans
(Glycine max). Agronomy Journal 62(6):731-36. Nov/Dec.
[11 ref]
• Summary: “Abstract: The anticipated commercialization
of TIBA as one of the first growth regulators for use on a
major field crop in the USA, created a need for information
on its absorption and movement in the soybean plant under
field conditions. Such information would be of assistance in
metabolite and residue studies.
“TIBA tagged with I-131 [radioactive iodine] was
applied at early bloom in two field experiments and in a third
study it was applied at the beginning of the pod filling stage
of growth.” Address: Purdue Agric. Exp. Station, Lafayette,
Indiana.
1845. Soybean Digest. 1970. Early soybean researcher
[Charles A. Mooers] dead. Nov. p. 43-44.
• Summary: “Charles Ansel Mooers, age 100, director
emeritus of the University of Tennessee Agricultural
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Experiment Station, died recently at Knoxville, Tenn. He had
been on the Experiment Station staff since 1893 and retired
in 1946...
“Mr. Mooers compared cowpeas and soybeans as seed
and hay crops for Tennessee. In field studies in 1906 and
1907, using the Mammoth Yellow variety of soybeans, he
observed that the date of planting had very little effect on the
date of maturity. Mooers’ observation was the basis for the
research more than a decade later by Garner and Allard of
USDA showing the effect of length of day on flowering in
soybeans and tobacco.
“The study of photoperiodism derived from the work
of Garner and Allard, and even earlier from that of Mooers,
has been one of the most active research areas in plant
physiology for many years,’ says Robert W. Howell of the
USDA crops research division at Beltsville, Maryland. ‘The
maturity group division that we use to classify and evaluate
soybean varieties is based directly on concepts evolving from
the early work of Mr. Mooers.’”
1846. Al-Kawaz, Ghazi M.; Hodges, C.N. 1970. Growing
soybeans for seed production in an enriched carbon dioxide
atmosphere. Iraqi J. of Agricultural Science 5:24-32. Dec. [7
ref. Eng; ara]
• Summary: An experiment was conducted in Arizona
in 1967 (Aug. 10 to Sept. 19) to study the effect of an
atmosphere enriched in carbon dioxide and two plant
densities on the growth and productivity of soybeans. Three
greenhouses were enriched with 300 (ambient), 1200, and
2400 parts per million (ppm) of carbon dioxide during the
daytime. High levels of carbon dioxide (usually 1200 ppm)
significantly increased the dry weight of the roots and plant,
the seed yield, the weight of 100 seeds, and protein content
of the seeds. Address: 1. Graduate Fellow, Agronomy Dep.;
2. Supervisor of the Environmental Research Lab. Both:
Univ. of Arizona. Al-Kawaz is presently a research scientist
at the Research Inst. of Natural Resources, Baghdad, Iraq.
1847. Bernard, R.L.; Cremeens, C.R. 1970. Evaluation of
maturity group 00 to IV named varieties of the U.S.D.A.
soybean collection. RSLM (U.S. Regional Soybean
Laboratory Mimeograph, Urbana, Illinois) No. 244. Dec. iii
+ 31 p. Not for publication. A revision of RSLM No. 205,
1960.
• Summary: An extremely valuable report. Contents:
Introduction:
“A collection of introduced and domestic soybean
strains obtained over the past seventy years is maintained
by the U.S.D.A. for use by breeders, pathologists, and
other research workers. Strains in maturity Groups 00 to IV
are maintained at the U.S. Regional Soybean Laboratory,
Urbana, Illinois, and those in Groups V to VIII at the Delta
Branch Experiment Station, Stoneville, Mississippi.
“This report brings together data on the Group 00

to IV named varieties from four previous reports. It
contains information on descriptive characters, agronomic
performance, and seed composition for each variety and
is part of a series of evaluation reports which provide
background data on the strains in the U.S.D.A. Soybean
Collection to guide research workers planning to use material
from this collection.
“There are 213 United States and Canadian named
varieties (including two or more strains of some varieties)
in the Group 00 to IV Soybean Germplasm Collection at
Urbana [Illinois] as of December 1970.”
A table (p. i) shows the number of varieties in each of
the six maturity groups; the greatest number (54) is in Group
IV. Definitions of column headings follow on page ii-iii.
Table 1 (p. 1-3): Checklist of U.S. and Canadian
varieties, groups 00 to IV. Lists variety name (alphabetical),
maturity group, and code. At the end is a description of the
code sequence.
Table 2 (p. 4-17): Origin of groups 00 to IV varieties.
Lists variety name (alphabetical), prior designation, source,
year named or released, developer or sponsor & year
selected. An appendix to this table (p. 16-17) adds 21 more
varieties.
Table 3 (p. 18-19): Agronomic evaluation and seed
composition data on 63 Group 0 and 00 soybean varieties
grown at St. Paul, Minnesota, in 1963. For each variety is
given: Maturity group, flowering date, maturity date, lodging
score, height (inches), stem termination score, branching
score, seed quality score, shattering score, weight of 100
seeds, yield (bu/acre), seed composition (protein, oil), protein
composition (methionine, soybean trypsin inhibitors), oil
composition (% linolenic acid, % linoleic acid), reaction to
phytophthora rot disease (resistant or susceptible), mottling
score.
Table 4 (p. 20-23): Agronomic evaluation and seed
composition data on 22 Group I and I soybean varieties
grown at Urbana, Illinois, in 1964.
Table 5 (p. 24-29): Agronomic evaluation and seed
composition data on 89 Group III and IV soybean varieties
grown at Urbana, Illinois, in 1965 and 1966.
Table 6 (p. 30-31): Agronomic evaluation and seed
composition data on 37 Group 00 to IV soybean varieties
grown at Urbana, Illinois, in 1968.
Varieties evaluated: A-100, Acme, Adams, Adelphia,
Agate, A.K. (FC 30.761), A.K. (Harrow), A.K. (Kansas),
Aksarben, Altona, Amsoy, Amsoy 71, Anoka, Aoda, Bansei,
Bansei (Ames), Bavender Special A, Bavender Special
B, Bavender Special C, Beeson, Bethel, Black Eyebrow,
Blackhawk, Bombay, Boone, Burwell, Calland, Capital,
Carlin, Cayuga, Chestnut, Chief, Chippewa, Chippewa 64,
Chusei, Clark, Clark 63, Clay, Cloud, Columbia, Comet,
Corsoy, Crest, Custer, Cutler, Cypress No. 1, Delmar, Disoy,
Dunfield, Dunn, Earlyana, Early White Eyebrow, Ebony,
Elton, Emperor, Ennis I, Etum, Fabulin, Flambeau, Ford,
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Fuji, Funk Delicious, Funman, Giant Green, Gibson, Goku,
Goldsoy, Granger, Grant, Green and Black, Guelph, Habaro,
Hahto (Michigan), Hakote, Harbinsoy, Hardome, Hark,
Harly, Harman, Harosoy, Harosoy 63, Hawkeye, Hawkeye
63, Henry, Hidatsa, Higan, Hokkaido, Hongkong, Hoosier,
HP-963, Hurrelbrink, Illington, Illini, Ilsoy, Imperial,
Jefferson, Jogun, Jogun (Ames), Kabott, Kagon, Kanrich,
Kanro, Kanum, Kent, Kim, Kingston, Kingwa, Korean,
Kura, Lincoln, Lindarin, Lindarin 63, Linman 533, Little
Wonder, Macoupin, Madison, Magna, Manchu, Manchu
(Lafayette), Manchu (Lafayette) B, Manchu (Madison),
Manchu-Hudson, Manchu-Montreal, Manchu 3-Wisconsin,
Manchu 606-Wisconsin, Manchu 2204, Manchukota,
Manchuria, Manchuria 13177, Manchuria 20173, Mandarin,
Mandarin-Ottawa, Mandarin 507, Mandell, Manitoba Brown,
Mansoy, Medium Green, Mendota, Merit, Midwest, Miller
67, Mingo, Minsoy, Monroe, Morse, Morsoy, Mukden,
Norchief, Norman, Norredo, Norsoy, OAC 211, Ogemaw,
Ontario, Osaya, Ottawa, Pagoda, Pando, Patoka, Patterson,
Peking, Pennsoy, Perry, Poland Yellow, Polysoy, Portage,
Portugal, Pridesoy 57, Prize, Protana, Provar, Rampage,
Renville, Richland, Roe, Ross, Sac, Sanga, Sato-3, Scioto,
Scott, Seneca, Shelby, Shingto, Shiro, Sioux, Sooty, Sousei,
Soysota, SRF300, Tastee, Toku, Tortoise Egg, Traverse,
Verde, Viking, Virginia, Wabash, Waseda, Wayne, Wea,
Willomi, Willomi B, Wilson, Wilson B, Wilson-5 [WilsonFive], Wilson-5B, Wilson-6, Wing Jet, Wirth, Wisconsin
Black, Wolverine, Yellow Marvel.
Note the capitalization in the text: “Strains in maturity
Groups 00 to IV are maintained at the U.S. Regional
Soybean Laboratory, Urbana, Illinois, and those in Groups V
to VIII at the Delta Branch Experiment Station, Stoneville,
Mississippi.”
Note 1. This is the earliest document seen (Nov. 2003)
that contains the term “Soybean Germplasm Collection”
(regardless of capitalization).
Note 2. This is the earliest document seen that mentions
the soybean varieties Anoka (Aug. 2000), or Provar (Aug.
1999). Anoka (p. 32-33) was licensed or released in 1970.
Developer: Minnesota AES and USRSL. Provar (p. 52-53)
was licensed or released in 1969. Developer: Iowa AES and
USRSL. Address: Urbana, Illinois.
1848. Saito, Masataka; Yamamoto, Tadashi; Goto,
Kazuo; Hashimoto, Koji. 1970. [The influence of cool
temperature before and after anthesis, on podsetting and
nutrients in soybean plants]. Nippon Sakumotsu Gakkai
Kiji (Proceedings of the Crop Science Society of Japan)
39(4):511-19. Dec. [4 ref. Eng; jap]
• Summary: In Hokkaido, temperature requirements of
different soybean varieties are investigated at agricultural
facilities and experiment stations in both field tests and
phytotrons.
Note 1. A phytotron is a completely closed greenhouse

that can be used for study of environmental conditions on
plant growth. Also, the production (or consumption) of gases
can be monitored.
Cold hardy local strains are crossed with market
varieties to improve the weather / cold resistance of the
latter.
Note 2. Anthesis (derived from the Greek word anthesis
= to bloom) is the period during which a flower is fully open
and functional. It may also refer to the onset of that period.
The major factor controlling length of time from emergence
to anthesis in the soybean is daylength. Address: 1-2.
Hokkaido Prefectural Tokachi Agric. Exp. Station, Tokachi,
Hokkaido.
1849. Chailakhyan, M. Kh.; Kaladzhyan, N.L. 1970.
[Effects of Rhizobium inoculation on the contents of growth
regulators in leguminous plants]. Biologicheskii Zhurnal
Armenii (Biological J. of Armenia) 23(4):14-26. [10 ref. Rus;
arm]*
• Summary: One group of soybean plants and of common
bean (Phaseolus vulgaris) plants were inoculated with
effective strains of Rhizobium; a second group was not
inoculated. The leaves and roots of the plants in the
inoculated group contained several gibberellins and
gibberellin-like substances in larger quantities than were
found in the leaves and roots of the uninoculated group.
Gibberellin A-3 was found in the leaves and roots of the
inoculated group, but not of the uninoculated group. Other
growth regulators were also found. Growth stimulators were
more abundant in the leaves and roots of the inoculated
than of the uninoculated group, whereas the opposite
was observed for growth inhibitors. Address: Institut
Mikrobiologii, Akad. Nauk Arm. SSR, Erevan, Armenian
SSR.
1850. Georgiev, Zaharu; Topchieva, A. 1970. Prouchvane
varhu radiochuustvitelnostta na soiata pri oblachiane na
semena s gama-lachi [A study of the radiosensitivity of
soya beans by seed irradiation with gamma-rays]. Genetika
i Selektsiia (Genetics and Plant Breeding) (Sofia, Bulgaria)
3(5):403-09. [16 ref. Bul; rus; eng]
• Summary: “Summary: Results obtained from a study of the
effect of Co60 gamma-rays on three soya beans varieties and
an inter-varietal hybrid (F1) in M1: Adams, Iregi, Pavlikeni 2
and Adams x Iregi, are discussed.
“The results obtained warrant the following conclusions:
“(1) The soya beans varieties studied possess a different
resistance to the Co60 gamma-rays. The varieties are arranged
according to their resistance (after Hangildin) at 16 kR, as
follows: Iregi–79.20; Adams x Iregi–59.35; Adams–57.72,
and Pavlikeni 2–34.60 per cent. The ‘critical dose’ in the case
of Adams and Adams x Iregi varies about and slightly above
16 kR, and in that of Pavlikeni 2, about or above 12 kR. The
‘critical dose’ in the case of Iregi is beyond the highest dose
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of irradiation (16 kR) used by us.
“(2) With the increase in the dose of irradiation the
frequency of damaged nuclei of the meristem root cells in
the first mitotic division also rises. There exists almost full
correlation relationship between them (r=0.96 ± 0.14).
“(3) Irradiation has a strong effect on the reproductive
organs of the soya beans. With the increase in the dose of
irradiation, the amount of fully sterile plants also rises, and
the number and weight of the seeds on an average per plant
drops. The doses of 4 and 8 kR have had a stimulating effect
on the number and weight of seeds in the case of the Adams
variety.” Address: Bulgaria.
1851. Klute, A. 1970. An experimental study of the uptake
of water by soybean roots. Water Resources Center Research
Report (Univ. of Illinois) No. 29. 38 p. Final report. Project
no. A-023-Ill. [10+ ref]*
Address: WRC, Univ. of Illinois, Urbana.
1852. Soldati, A. 1970. Untersuchengen ueber has
Bluehverhalten und Ertragsaufbau bei der Sojabohne
[Investigations on the flower-holding and yield improvement
of soybeans]. Diplomarbeit, Inst. fuer Pflanzenbau ETH,
Zurich, Switzerland. 83 p. Unpublished typescript. [Ger]*
1853. Auckland, A.K. 1970. Soya bean improvement in East
Africa. In: C.L.A. Leakey, ed. 1970. Crop Improvement
in East Africa. Farnham Royal, England: Commonwealth
Agricultural Bureau of Plant Breeding and Genetics
(Technical Communication 19). 280 p. See p. 129-56. Chap.
5. [39 ref]
• Summary: Contents: Origin and use. Areas of production.
Introduction and development in East Africa. Variation in
Glycine max (L.) Merrill: General, habit and plant size,
disease resistance, photoperiodism. Natural breeding systems
and method of hybridization. The breeding programme
in Tanzania. Seasonal variation in performance in new
Tanzania soya beans: The merits of early generation
compounding, the nature of homeostasis in soya beans.
Selection and breeding work in Uganda. Selection in Kenya.
Agronomic improvements: The use of blends or composites,
spacing and population studies, the use of fertilizers and
insecticides, seed planting and spacing, harvesting, rotations,
intercropping.
Soybeans were introduced into South Africa in
1903. “The first effort to establish the crop in Tanganyika
appears to have been made at Amani in 1907, and further
introductions were made in 1909. In 1938 and 1939 a
collection of 64 cultivars of soya beans was established
at Amani with introductions from India, South Africa
and the USA and a large number of American and Far
Eastern cultivars via Rwanda... In Tanganyika a reasonable
production came from the Bukoba region during the 1939 to
1947 war years...

“It was not until the inception of the Groundnut Scheme
by the Overseas Food Corporation in 1947 that any largescale attempt to grow soya beans in East Africa was made.
The first cultivars tried by the Overseas Food Corporation
gave low yields and were unsuited to Tanganyika conditions.
The Overseas Food Corporation independently made further
introductions in 1950. These showed greater promise and the
variety Hernon 237 (from Rhodesia) opened up the prospects
of profitable soya bean cultivation in the Nachingwea area,
and became the standard cultivar until 1961. After the failure
of the Groundnut Scheme, the Nachingwea area in southern
Tanganyika began to produce soya beans on a considerable
scale. In 1963, there were about 6,000 acres of soya beans
growing in the Nachingwea district of Tanganyika, but then
production ceased because of a change in organization and
not due to the agricultural failure of soya bean as a crop. In
1963 soya produced its maximum profits in the Nachingwea
area...
“The soybean was first introduced into Uganda from
America and South Africa in 1938. Variety trials started
almost immediately at Bukalasa and Serere, and by
1940 promising varieties were already being built up for
distribution. In 1942 soya bean was grown in Buganda and
by 1945 had extended to Ankole, Toro, Bunyoro and Lango,
but only became popular in Ankole where it became the
only cash crop in some areas. In 1946 the crop declined in
popularity since farmers could get better prices for other
crops, such as groundnuts. The yields remained poor, and
until higher-yielding varieties can be found it seems unlikely
that it will regain popularity.”
Soya bean has never become an important crop in
Kenya, though a “large yellow type” was reported to grow
“exceptionally well” in Nyanza in 1943. Note 1. Leakey and
Rubaihayo (1970) state that Auckland’s program is “probably
the most successful soyabean breeding program carried out
in latitudes of 10º or less. Mean experimental yields of the
most productive new cultivars over four or five-year periods
were of the order of 1,980 kg/ha. The highest yield recorded
was 3,040 kg/ha from HLS 219 at 3,800 feet above sea level
and 10º 50’ S.”
Note 2. This document contains the earliest date seen
for soybeans in Tanzania, or the cultivation of soybeans in
Tanzania (1907) (one of two documents). The source of these
soybeans is unknown. Address: Research and Training Inst.,
Ukiriguru, Mwanza, United Republic of Tanzania.
1854. Hartwig, Edgar E. 1970. Growth and reproductive
characteristics of soybeans [Glycine max (L.) Merr.] grown
under short-day conditions. Tropical Science 12(1):47-53. [4
ref]
• Summary: Discusses the growth and reproductive
characteristics of soybeans grown at Stoneville, Mississippi
(33º N), Gainesville, Florida (20º N), Mayaguez, Puerto Rico
(18º N), and Uberaba, Brazil (19º S). Nearly all commercial
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U.S. soybean varieties flowered in less than 30 days when
planted at Mayaguez, Puerto Rico. Address: Delta Branch,
Mississippi Agric. Exp. Station.
1855. Hurst, Clyde Joseph. 1970. The effect of light on
nitrogen metabolism in germinating soybean seed. PhD
thesis, University of Minnesota. 123 p. Page 2507 in volume
31/05-B of Dissertation Abstracts International. *
Address: Univ. of Minnesota.
1856. Scott, Walter O.; Aldrich, S.A. 1970. Modern soybean
production. Cincinnati, Ohio: The Farm Quarterly; and S&A
Publications, P.O. Box 2660, Station A, Champaign, IL
61820. 192 p. Illust. Index. 29 cm. 2nd ed. 1983.
• Summary: Contents: 1. How the soybean plant grows.
2. Variety selection [and maturity zones]. 3. Seedbed
preparation and planting. 4. Fertilizer for soybeans. 5.
Water management. 6. Weed control. 7. Troubleshooting. 8.
Harvesting, storage, and marketing. 9. Soybeans: Food, feed,
and future. Appendix.
Chapter 1, “How the Soybean Plant Grows,” contains
a detailed description (with good photos) of the sprouting
process. A good supply of moisture during germination
is essential. The seed must contain 50% moisture before
germination can begin. The radicle, which becomes the
primary root of the soybean seedling, is the first part of the
embryo to penetrate the seedcoat. After the radicle emerges
and grows downward (eventually becoming the taproot),
the hypocotyl begins to elongate. It forms an arch which is
pushed upward through the soil. As the arch breaks the soil
surface, it pulls the two cotyledons and epicotyl upward.
The epicotyl will become the plant’s stem. The first three
leaves begin expanding from the epicotyl. The first two
leaves are unifoliate–each having only one leaf blade; they
are opposite each other and located at the same node. The
third leaf, and all those that follow, are trifoliate (three leaf
blades). The trifoliate leaves are located only one at a node
and at alternate positions on the stem. Soon after being
exposed to sunlight, the cotyledons and other plant parts
develop chlorophyll and turn green. But the food stored in
the two cotyledons remains the main source of the seedling’s
nourishment for about a week after emergence. The
cotyledons drop after the seedling is capable of supporting
itself. Lateral roots are formed less than a week after the
radicle emerges, then root hairs, the main absorbing surface
of the root system, develop. The small plant develops root
nodules within a week after emergence. Bacteria in the
nodules convert atmospheric nitrogen to forms that can be
used by the growing soybean plant.
The 1970 edition of this book was later widely cited as
the first document to have a map of the United States with
ten horizontal, hypothetically optimum, maturity group
zones, based on photoperiod, superimposed on it. Zone 00
was in the far north (in northern North Dakota) and zone

VIII included the southern half of Louisiana and Georgia and
all of Florida (e.g., cited by Mourtzinis and Conley 2017).
Address: 1. Prof. of Crops Extension, Univ. of Illinois; 2.
Prof. of Soil Fertility Extension, Univ. of Illinois.
1857. Verdcourt, B. 1970. Studies in the LeguminosaePapilionoideae for the ‘Flora of Tropical East Africa’: II.
Kew Bulletin 24(2):235-307. See p. 256. Continued from
Kew Bulletin 24:70 (1970). [8 ref]
• Summary: Contains a brief history of the changes in the
scientific name of the soyabean and the wild soybean, with
key citations. “The names of the soya bean and its allies
have always given much trouble. There are two Linnaean
names which refer to the soya bean, namely Phaseolus max
and Dolichos soja, both dating from 1753. Merrill made a
new combination for the first under Glycine in 1917 and this
name has mostly been followed, e.g. by F.J. Hermann in his
monograph of the genus. A few years later, however, when
discussing Loureiro’s Fl. Cochinch. he refutes his own new
combination and uses Glycine soja (L.) Sieb. and Zucc. Even
if this were correct the name Glycine max (L.) Merr.* would
still be the valid one since Merrill was the first to choose
between two names of equal date; it is not, however, correct
since Siebold & Zuccarini’s name is not based on Dolichos
soja L. but is a new name, hence no combination of Dolichos
soja can be made in Glycine. This is clear since Siebold &
Zuccarini cite Dolichos soja L. in synonymy when dealing
with the next species in their account. F.J. Hermann has used
the name G. ussuriensis Regel & Maack for the plant called
G. soja by Siebold & Zuccarini but I would agree with Ohwi
that there seems to be no bar to the use of their name. In this
discussion I willingly agree to the proposal made by Burtt
about the retention of early authors’ names in cases where
genera are conserved from a later date with a different type
(Taxon 15:307 (1966)).
A footnote reads: * “I definitely do not support Paclt’s
proposal (1969) to reject this name as a confused name. After
Piper & Prain’s careful detailed typification (Piper 1914,
p. 75-84) whereby a Cliffortian specimen in the Linnaean
Herbarium was chosen as the lectotype, it is a mischievous
act to upset it. Incidentally Piper considered G. max and G.
soja to be cultivated and wild forms of one species.”
Note: Webster’s Dictionary defines lectotype (derived
from the Greek lektos = chosen), a word first used in about
1905, as “a specimen chosen as the type of a species or
subspecies if the author of the name fails to designate a
type.”
The azuki bean is discussed in part IV of these studies
24:507-69.
1858. Agronomie Tropicale (France). 1971. Le soja [The
soybean]. 26(1):114-18. Jan. [Fre]
• Summary: Contents. Introduction. Varietal development:
Introduction of new varieties, varietal experimentation,
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influence of the ecology on varietal characteristics. Cultural
techniques: The cultural calendar, planting density, seed
storage. Fertilization and mineral nutrition: Fertilizers and
manures, symbiotic bacteria. Conclusion.
Starting in 1965, IRAT introduced soybean varieties
into Senegal, Madagascar, Central African Republic (CAR),
and Cameroon. These varieties originated in various other
countries including the USA, Rwanda, Malawi, Tanzania,
and South Africa, and Asia. A table (p. 114) shows the
maturity group (in parenthesis) of each of the following
varieties and the number of days to maturity in Senegal,
Madagascar, and CAR: Amsoy (II), Wayne (III), Kent,
Delmar, Clark 63 (IV), Hill, Dorman (V), Hood, Lee, Dare,
Ogden, Davis, Picket (VI), Jackson, Semmes, Roanoke,
Bragg (VII), Bienville, Hampton (VIII), Biloxi. The number
of days to maturity ranged from 73 to 92 days in Senegal,
90-123 days in Madagascar, and 100 to 110 days in CAR.
Address: GERDAT–Groupement d’Etudes et de Recherches
pour le Développement de l’Agronomie Tropicale.
1859. Ambler, J.E.; Brown, J.C.; Gauch, H.G. 1971. Sites
of iron reduction in soybean plants. Agronomy Journal
63(1):96-98. Jan/Feb. [10 ref]
• Summary: Where does reduction of iron take place in
soybean roots? “Reduction was most pronounced between
the regions of root elongation and root maturation at both
the epidermis and the endodermis. Reducing capacity was
greatest in the young lateral diarch roots indicating that these
roots contribute significantly to the ability of the plant to take
up iron.”
Note: “In a diarch root the lateral roots arise between
the phloem and xylem strands.” “The root has three
distinct tissue systems. These are epidermal, codex and
vascular tissue systems.” Address: Plant Physiologist and
Soil Scientist, Oil and Water Conservation Research Div.
(SWCRD), ARS, USDA, Beltsville, Maryland.
1860. Gupta, Ram K.; Woolley, Joseph T. 1971. Spectral
properties of soybean leaves. Agronomy Journal 63(1):12326. Jan/Feb. [9 ref]
• Summary: “Light transmission and reflection by leaves are
dependent on leaf pigmentation, morphology, and internal
structure, all of which may be different in different ages and
varieties of soybean leaves. These differences were measured
and characterized in the hope that they would prove to be
useful in varietal identification by remote sensing techniques.
“Although the spectral properties of the three soybean
varieties have been established, it was not possible to make
varietal identification on the basis of the spectral qualities.”
“The reflectance and transmittance of three varieties
of soybean leaves were measured over a wavelength range
from 500 to 2500 nm using a ratio recording spectroreflectometer.”
“Photosynthesis of a crop depends on the geometry of

its canopy and on the optical properties of its leaves. The
transmittance and the reflectance of leaves are functions of
composition, morphology, and internal structure...” Address:
Illinois Agric. Exp. Station and the Corn Belt Branch, Oil
and Water Conservation Research Div. (SWCRD), ARS,
USDA, Urbana, Illinois 61801.
1861. Luxmoore, R.J.; Millington, R.J.; Marcellos, H. 1971.
Soybean canopy structure and some radiant energy relations.
Agronomy Journal 63(1):111-14. Jan/Feb. [11 ref]
• Summary: “Measurements were made of canopy outline,
leaf area index (LAI) and the radiation environment of a
soybean row crop at several stages of growth. The major
change with time in canopy geometry occurred in the
uppermost hemicylinder of leaves which increased in height
and lateral spread. The proportion of energy reflected and
reradiated from the top of the canopy increased during the
season...” Address: Illinois Agric. Exp. Station and the Corn
Belt Branch, Oil and Water Conservation Research Div.
(SWCRD), ARS, USDA, Beltsville, Maryland.
1862. Shannon, J.G.; Wilcox, J.R.; Probst, A.H. 1971.
Response of soybean genotypes to spacing in hill plots. Crop
Science 11(1):38-40. Jan/Feb. [15 ref]
• Summary: “The use of hill plantings instead of rows for
evaluating genotypes appears to have merit when land is
limited, seed supply is short, and/or the number of entries is
large (12, 14). These situations are most prevalent in early
generation testing. Hills have been successfully employed
in testing of both corn and small grains (3, 6) in early
generations.” Address: Purdue Univ., Lafayette, Indiana.
1863. Stevenson, K.R.; Shaw, R.H. 1971. Diurnal changes in
leaf resistance to water vapor diffusion at different heights in
a soybean canopy. Agronomy Journal 63(1):17-19. Jan/Feb.
[13 ref]
• Summary: “The effect of soil moisture content and
evaporative demand on diurnal variations of leaf resistance
to water vapor diffusion were studied at two heights in a
soybean... canopy. Under soil moisture stress, leaf resistance
to water-vapor diffusion of middle leaves in the canopy
increased approximately 2 hours earlier in the day and to
a greater extent than the resistance of upper leaves. This
indicated a preferential flow of water to upper leaves.”
Address: Iowa State Univ., Ames, Iowa.
1864. Fehr, W.R.; Thorne, J.C.; Hammond, E.G. 1971.
Relationship of fatty acid formation and chlorophyll content
in soybean seed. Crop Science 11(2):211-13. March/April.
[13 ref]
• Summary: “Although fatty acid composition of the oil
changed markedly during seed development, there were no
large differences in the pattern of fatty acid formation among
genotypes or between the covered and uncovered treatments.
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The similarity of linolenic acid percentage in seeds with a
normal or low level of chlorophyll indicated that linolenic
acid formation was not closely related to chlorophyll content
in soybean seed.” Address: 1. Assoc. Prof. of Agronomy and
Collaborator, Crops Research Div., Agricultural Research
Service, USDA; 2. Research Assoc.; 3. Prof. of Food
Technology. All: Iowa State Univ., Ames, Iowa.
1865. Oster, Merril J. 1971. Breeders uncover male sterile
lines: Progress in hybrid soybeans. Soybean Digest. March.
p. 10-11, 27.
• Summary: Editor’s introduction: “Soybean breeding
has been given a big shot in the arm with a breakthrough
in production of two different types of male sterile lines.
A university researcher in North Carolina and a private
researcher in Milwaukee, Wisconsin, are responsible for this
major milestone in soybeans.
“The recent announcements that a male sterile line has
been developed at two widely separated locations are by far
the biggest news in soybean breeding in the past year.
“The male sterile lines announced by USDA researcher,
Dr. Charles Brim of North Carolina State University, and
by Teweles Seed Co., Milwaukee, Wisconsin, could result
in the development of high-producing crosses that might
revolutionize soybean yields as hybrids have in some other
grains.
“Yield increases of 10% to 50% have been predicted
with hybrid soybeans.
“’But hybrid soybeans are still a long, long way away,’
said Robert Teweles of the L. Teweles Seed Co., a leader
in the development of hybrid soybeans. ‘We don’t want to
mislead anybody into thinking that hybrids are right around
the corner.’
“Dr. Brim goes further and says that even with the
most easily managed sterility system we know of, hybrid
soybean seed producers face the same problems encountered
by the producers of hybrid wheat seed. Until we can find
ways to obtain good seed production on sterile plants hybrid
soybeans will not be economically feasible.
“Nevertheless, he says, use of male sterility opens the
door to breeding approaches assumed to be closed to soybean
breeders. In a limited way, they can change the natural selfpollinator into a cross-pollinator.
“The more immediate value of the sterility system rests
in the increased control that breeders will be able to exercise
in breeding programs–programs that will allow many more
crosses to be tried and thus give researchers many more
chances to discover high-yielding varieties, according to Dr.
Brim, who first announced a recessive or genetic male sterile
soybean line had been developed at the station.
“’It is a great research tool,’ Teweles agreed. ‘Rather
than making 200 crosses a year, we can make 2,000.’
“There are some special problems with the soybean that
make it most difficult to develop a hybrid, however. Some

agronomists feel that the soybean plant is just not designed to
be a hybrid.
“While the inbreeding and crossbreeding necessary
to produce a corn hybrid are relatively simple, it’s nearly
impossible with soybeans. The male and female parts are
located on different sections of the plant in corn, but in
soybeans the small, tightly encased flower contains both
male and female parts. Moreover, the soybeans are almost
completely self-pollinated because the flower is fertilized
even before it opens.
“The genetic male sterile found by Dr. Brim has two
serious drawbacks for use in producing hybrid seed.
“1–Roguing fertile plants from the male sterile
maintainer is necessary–and this is far from practical for a
seed producer.
“2–But even more important is the scanty seed set on
male steriles. These plants in his tests averaged less than
20 seeds each even when given plenty of space. This is due
probably to the lack of efficient pollen transfer agents in
soybeans.
“As a result, the process of the genetic male sterile so
far is not very practical for the commercial seed producer.
With a cytoplasm male sterile system a major problem to be
overcome to develop hybrids commercially is development
of a maintainer line, or a plant that can be crossed with the
sterile plant to produce the sterile offspring. This offspring
would then be crossed with a male-fertile plant called the
restorer to produce economical hybrid seed that could be
sold to farmers.
“Some agronomists say that the development of a
restorer gene would be one of the biggest obstacles to hybrid
soybeans.
“But there are indications that Dr. William Davis,
soybean research director at Teweles, may be close or may
have the answer already. ‘The restorer is not hard,’ Teweles
hinted. ‘The restorer is an easy part in our opinion. Other
people will disagree. The tough part is to find the insects to
cross one plant to another.’
“There is no insect that can be depended on to naturally
pollinate the soybean plant–thus the problem of transferring
pollen from the restorer plant to the sterile plant.
“’We are trying to use hybrid bees that will pollinate
soybeans,’ Davis’ assistant, Gene Shepherd, said. ‘We will
use a hybrid honey bee to pollinate the soybean plant in our
hybrid system.’
“Dr. Brim and Teweles both said they had been working
on the male sterile line for some time but hadn’t released
information previously because, as Dr. Brim also states it,
they didn’t want to yell about something they weren’t sure
they really had yet.
“Dr. Brim said the first inkling of what they had came in
1966 and has been developed by hand pollination since then
to the point where enough seeds of a male sterile maintainer
line are available for further study.
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“’I am very optimistic about the significance of our
developments and, as far as we are concerned, we are not
going to get into an argument with the university about who
is first,’ Teweles said.
“’There is no insect that naturally pollinates soybeans,
thus the problem of transferring pollen or transferring from
the maintainer and the restorer to the sterile lines. This means
it will be a costly research process to either develop a new
bee or a plant that is more attractive to existing bees.’
“What effect will hybrid soybeans have on yields? Davis
says they could be increased 40% to 50% and expects the
top 10% of soybean farmers to have yields of 80 bu/a in 10
years. Others aren’t quite so optimistic and see only about a
10% to 20% increase.
“Some expect that hybrid soybeans could provide the
next agricultural revolution just as the development of corn
hybrids in the 1930’s did. They point out that in 1950 the
average U.S. corn yield was 39.4 bu/a and in 1969 the yield
was 83.9 bu/a before dropping back last year because of the
blight.
“During the same time the soybean average yield was
only going up from 20.3 bu/a to 27.3 bu/a.
“Teweles emphasized that it will take some time to
come up with the right combiners and the right crosses to
get the best hybrids. ‘But I would think that it would, from
a farmer’s viewpoint, be a light at the end of the tunnel
toward making the kind of breakthroughs yieldwise that have
happened to the other crops.’
“’It is my feeling that no one company or group
possesses today sufficient funds or know-how to accomplish
this task,’ Davis commented. ‘If a joint approach could
be launched by industrywide cooperation, that is, private
companies, USDA and state experiment stations, and the
American Soybean Assn., we could solve and surmount the
obstacles to hybrid soybeans in 10 years or at least know if it
is possible.’
“Other soybean developments of the past year include
the certification of several more blends, among them Morton
333, the first blend certified in Illinois. It was developed by
Roy A. Morton & Sons Inc. of Bowen, Illinois. Some of the
most interesting soybean breeding ideas for the future being
watched by soybean breeders, according to a recent survey,
include: C.R. Weber, Peterson Seed Co., Waterloo, Iowa:
‘Changing plant habit and plant structure to permit more
light penetration and probably higher plant populations.’
“Douglas Owen, High Plains Research Foundation,
Plainview, Texas: ‘The search for less photoperiodic germ
plasm that might permit wider adaptation. I think the
soybean breeders are way out front of the production people
as evidenced by the varieties on the market that have the
genetic potential of over 100 bu/a.
“A Wider Germplasm Base Needed: ‘One area I think
we need to improve is the introduction of new germ plasm
in our varieties. Most of our commercial varieties trace their

ancestry back to less than 10 original soybean introductions
or selections. With a wider germ plasm base, we might be
able to increase the genetic potential.’
“Arnold L. Matson, director of soybean breeding at the
Soybean Research Foundation Inc. at Mason City, Illinois:
‘Types which will take increased stands without lodging and
with the possibility of being able to respond to fertilizer.’
“William Davis, L. Teweles Seed Co., Clinton,
Wisconsin: ‘(a) Selection and testing under high (100200 lb/a) nitrogen conditions and selections of varieties
responding to these conditions; (b) development of
determinate varieties capable of maintaining increased plant
populations under nitrogen stress. The advent of shorter,
stocky determinate varieties capable of standing up or not
lodging at high plant populations (200,000 plants per acre)
will be a key factor in increasing soybean yields.’
“Teweles is also doing some research with an
exceptionally thin planting rate of 4 or 5 plants per foot in
30-inch rows.”
A photo shows: “Dr. Charles Brimm, North Carolina
State University-USDA plant breeder (foreground), explains
his soybean breeding programs to the executive committee
of the N.C. Soybean Producers Assn. who visited him last
fall. From left Dr. Paul Harvey, head, N.C. crop science;
L.M. Delday, W.B. Sutton, and Joe Moss, all of NCSPA; Foil
McLaughlin, N.C. Crop Improvement Assn.; E.L. Rivenbark,
F.C. Laughinghouse, Bill Griffin, president, and Stan Dilda,
all of NCSPA.”
1866. Saxena, M.C.; Singh, J.N.; Pandey, R.K. 1971.
Performance of some soybean varieties in Tarai during
spring. Indian J. of Agronomy 16(1):136-37. March.
• Summary: “The U.S. bread soybean varieties belonging
to maturity group 5 to 8 have proved highly successful
for cultivation during the Kharif season in Nainital Tarai.
Because of their longer dark period requirement for
reproductive growth and maturity, these varieties do not yield
in the spring season (end of January or February to June)
when the day length gradually goes on increasing.
“Soybean varieties suitable for Kharif planting are
not suited for spring season planting as they do not mature
properly and produce poor or no yield. Varieties belonging to
maturity group 1 to 3 flower and mature in appropriate time
and produce good yield. Varieties ‘Harosoy-63’ and ‘Hark’
are particularly suited for spring planting.” Address: Dep.
of Agronomy, Uttar Pradesh Agricultural Univ., Pantnagar,
India.
1867. Saxena, M.C.; Pandey, R.K. 1971. Characteristics
and performance of some promising varieties of soybean
(Glycine max (L.) Merr.) at Pantnagar. Indian J. of
Agricultural Sciences 41(4):355-60. April. [3 ref]
• Summary: The performance of some U.S.-bred soybean
varieties belonging to different maturity groups was
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compared with that of some Indian varieties during the rainy
seasons of 1966 and 1967. The flower color and pubescence
color were found to be the distinguishing features and are
described.
Varieties belonging to maturity group VII (Bragg) and
VIII (Hampton 266 and Hardee) were found to be superior
to the rest yielding more than 30 quintals (1 quintal = 100
kg) of grain per ha in 125 days. Clark 63 showed good
performance among the early-maturing varieties. The protein
content of all varieties was about 40%.
All the U.S.-bred varieties had higher oil content (about
22%) than the Indian varieties (20% or less). “The grain
yield of soybean varieties was highly positively correlated
with the number of pods per plant, 100-grain weight and
days taken from planting to maturity, the first two characters
being more important than the third. The multiple correlation
coefficient of this association was +0.9529.” Address: Uttar
Pradesh Agricultural Univ., Pantnagar, India.
1868. Safir, G.R.; Boyer, J.S.; Gerdemann, J.W. 1971.
Mycorrhizal enhancement of water transport in soybean.
Science 172(3983):581-83. May 7. [15 ref]
• Summary: Mycorrhizae produced by Endogone mosseae
decrease the resistance to water transport in soybean.
This decrease is associated with an increase in the growth
of shoots but not of roots. Address: 1&3. Dep. of Plant
Pathology; 2. Dep. of Botany. All: Univ. of Illinois, Urbana,
Illinois 61801; Safir’s present address: Dep. of Botany
and Plant Pathology, Michigan State Univ., East Lansing,
Michigan 48823.
1869. Brest, David E.; Hoshizaki, Takashi; Hamner, K.C.
1971. Rhythmic leaf movements in Biloxi soybean and their
relation to flowering. Plant Physiology 47(5):676-81. May.
[26 ref]
• Summary: “The movements of fully expanded trifoliate
leaves were recorded with kymographs and time lapse
photography in growth chambers. A comparison between
the leaf movement rhythm and the rhythmic flowering
response indicates that a high degree of similarity exists
between the two rhythms. A definite relationship was shown
to exist between the direction of the leaf movement and the
photophil-photophobe phases of the rhythmic flowering
response.
“Short light perturbations may affect flowering by
interacting directly with the flowering process...”
Note: A kymograph is an instrument for recording
variations in pressure, e.g., in sound waves or in blood within
blood vessels, by the trace of a stylus on a rotating cylinder.
Address: Dep. of Botanical Sciences and Space Biology
Lab., Brain Research Inst., Univ. of California, Los Angeles,
California 90024.
1870. Holm, Robert E.; Key, Joe L. 1971. Inhibition

of auxin-induced deoxyribonucleic acid synthesis and
chromatin activity by 5-fluorodeoxyuridine in soybean
hypocotyl. Plant Physiology 47(5):606-08. May. [11 ref]
• Summary: “Rootless soybean... seedlings were used as a
test system to examine the action of auxin on chromatindirected RNA synthesis. Chromatin from the basal tissue
of rootless seedlings (both control and auxin-treated) had
RNA synthetic capacity similar to that of chromatin from
comparably treated intact seedlings. When DNA synthesis
normally induced in the basal tissue by auxin was blocked
in the rootless seedlings by 5-fluorodeoxyuridine, the auxin
enhancement of chromatin activity was inhibited 70%. This
level was still three times the control level,...” Address:
Diamond Shamrock Corp., T.R. Evans Research Center,
Painesville, Ohio 44077, and Dep. of Botany, Univ. of
Georgia, Athens, Georgia 30601.
1871. Krishnaswami, R.; Pundarikakshudu, R. 1971.
Environmental influence on seed protein and oil in soybean.
Madras Agricultural Journal 58(5):414-17. May. [9 ref]
• Summary: Soybean “is a new crop in India, and its
importance as a high protein source is of added significance
in a country where protein deficiency in food is a chronic
problem.” Only recently have many new soybean varieties
been introduced to India and varietal improvement work
been taken up on a large scale. Different varieties are suited
to particular agro-climatic zones. Within one such particular
zone, a certain variety may exhibit significant variations in
yield and quality characteristics. This the key to soybean
research is to find the best varieties for each agro-climatic
zone.
In this study, three soybean varieties were studied for
their oil and protein content when raised under different
conditions in two locations (Aduthurai and Coimbatore) in
order to assess their stability. The crop was grown without
inoculation and hence there was no nodulation.
Tables show: (1) The protein and oil content of 3
varieties grown in these 2 locations, and the ratio of protein
to oil in each. (2) The important climatic and soil factors
of the two locations. The factors are soil pH, available soil
nutrients (N, P, and K), latitude, mean maximum temperature
(March to June) mean minimum temperature (March to
June), and date of planting / sowing.
Experiments conducted previously at Pantnagar (U.P.)
and Jabalpur (M.P.) in India showed that the first crop
of newly introduced soybean had lower protein than in
subsequent seasons. This may be due to the increased and
more efficient nitrogen fixation. All soybean varieties grown
at Aduthurai had unusually high content of both protein and
oil. Address: IARI Regional Station, Coimbatore, Tamil
Nadu, India.
1872. Brown, John C.; Chaney, Rufus L. 1971. Effect of iron
on the transport of citrate into the xylem of soybeans and

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 606
tomatoes. Plant Physiology 47(6):836-40. June. [13 ref]
• Summary: “Iron transport in soybeans... and tomatoes
(Lycopersicum esculentum) is controlled by factors that
are altered manyfold as the plant experiences an iron stress
(deficiency). Depending on their response to an Fe stress,
plants in this study are classed (a) Fe-inefficient or (b) Feefficient. The Fe-efficient plants transport more Fe and
concomitantly more citrate than the Fe-inefficient plants.
“An available supply of Fe added to the plant root will
facilitate the release of citrate to the stem exudate in both
soybeans and tomatoes.” Address: U.S. Soils Laboratory,
Soil and Water Conservation Research Division, Agricultural
Research Service, USDA, Beltsville, Maryland 20705.

Frequency of cross-pollination of soybeans after seed
irradiation. Crop Science 11(4):489-92. July/Aug. [14 ref]
• Summary: White-flowered soybean seeds were irradiated
with 0, 5,000, 10,000, or 20,000 rads of gamma rays
and planted in rows. Honeybees were kept near the plots
during flowering. An increase in outcrossing by as much
as 11-14% in some cases, was observed in the irradiated
varieties. Seed treatment with ethyl methanesulphate (EMS)
increased outcrossing about the same as irradiation. Address:
1. Research Agronomist, Plant Science Research Div.,
Agricultural Research Service, USDA, 4151 Highway 86,
Brawley, 92227; 2. Prof., Agronomy and Range Science
Dep., Univ. of California, Davis, 95616. Both: California.

1873. Edwards, Calton J., Jr.; Hartwig, Edgar E. 1971. Effect
of seed size upon rate of germination in soybeans. Agronomy
Journal 63(3):429-30. May/June. [3 ref]
• Summary: The seed was divided into three groups by
weight per 100 seeds: 9.5 gm, 13.6 gm, and 22.6 gm.
When grown in Sharkey clay soil: “The small and medium
seed size gave more rapid emergence and greater root
development than the large seed for each soil moisture
level where germination occurred.” Address: 1. Research
Agronomist, Plant Science Research Div., ARS, USDA,
Stoneville, Mississippi.

1877. Burris, J.S.; Wahab, A.H.; Edje, O.T. 1971. Effects of
seed size on seedling performance in soybeans. I: Seedling
growth and respiration in the dark. Crop Science 11(4):49296. July/Aug. doi:10.2135/cropsci1971.0011183X00110004
0009x [12 ref]
• Summary: “The large seed exhibited a higher respiratory
rate both in the cotyledons and in the root-shoot axis,
although these differences were not obvious until after 3
days of growth. Total embryo length at 7 days was optimum
at an intermediate size, while the shoot growth increased
with decreasing size at the expense of radical growth.”
Address: Assoc. professor, graduate asst., and graduate asst.,
respectively. Dep. of Botany and Plant Pathology, Iowa State
Univ., Ames, Iowa 50010.

1874. Schenck, N.C.; Hinson, K. 1971. Endotrophic
vesicular-arbuscular mycorrhizae on soybean in Florida.
Mycologia 63(3):672-75. May/June. [9 ref]
• Summary: In a 1969 survey of Florida soybean fields,
the authors found endomycorrhizal fungi on all soybeans
sampled. A species with white spores, then designated as E.
calospora Nicol. and Gerd. predominated. Address: Dep. of
Plant Pathology and USDA, Gainesville, Florida 32601.
1875. Wong, Peter P.; Evans, Harold J, 1971. Poly-hydroxybutyrate utilization by soybean (Glycine max
Merr.) nodules and assessment of its role in maintenance of
nitrogenase activity. Plant Physiology 47(6):750-55. June.
[36 ref]
• Summary: “Soybean... nodule bacteroids contain high
concentrations of poly--hydroxybutyrate and possess a
depolymerase system that catalyzes the hydrolysis of the
polymer. Changes in poly--hydroxybutyrate content and in
activities of nitrogenase, -hydroxybutyrate dehydrogenase,
and isocitrate lyase in nodule bacteroids were investigated
under conditions in which the supply of carbohydrate
from the soybean plants was interrupted. The poly-hydroxybutyrate content of bacteroids did not decrease
appreciably until the carbohydrate supply from the host
plants was limited by..." Address: Dep. of Botany and Plant
Pathology, Oregon State Univ., Corvallis, Oregon 97331.

1878. Hymowitz, T.; Mies, D.W.; Klebek, C.J. 1971.
Frequency of trypsin inhibitor variant in seed protein of four
soybean populations. East African Agricultural and Forestry
Journal 37(1):73-77. July. [8 ref]
• Summary: At least four different trypsin inhibitors have
been found in soybeans. The authors used acrylamide disc
electrophoresis to study 274 soybean genotypes from four
diverse populations (East African, Himalayan, Japanese, and
Genetic Type Collection). The Rf 0.92 electrophoretic band,
which represents a trypsin inhibitor variant, was found in
high frequency in Japanese plant introductions of Maturity
Groups I and II.
“Perhaps, electrophoretic banding patterns of seed
protein such as utilized in this study can be adapted to
determine the movement of soybean germ plasm from North
China to Africa, Europe, North and South America.”
“In the United States, soybean cultivars may be divided
into stem termination groups, namely determinate and
indeterminate. Soybean cultivars grown in the north usually
have the indeterminate character while those cultivated in the
south possess the determinate character.” All soybeans grown
in northern Japan have determinate stems. Address: Dep. of
Agronomy, Univ. of Illinois.

1876. Beard, Benjamin H.; Knowles, Paul F. 1971.

1879. Kilen, T.C.; Hartwig, E.E. 1971. Inheritance of a
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light-quality sensitive character in soybeans. Crop Science
11(4):559-61. July/Aug. [10 ref]
• Summary: “Abstract: Flowering of the soybean...
cultivars `Lee’ and `Hill’ (insensitive to light quality) was
delayed when grown in light from cool-white fluorescent
lamps at a 15-hr photoperiod, or in natural daylight with
the photoperiod extended to 15 hr by illumination with
fluorescent lamps. `Arksoy’ and `Dorman’ (sensitive to
light quality) flowered 28 to 30 days after emergence when
grown under the same conditions.” Address: Geneticist and
Research Agronomist, Plant Science Research Div., ARS,
USDA, Stoneville, Mississippi 38776.
1880. Leffler, H.R.; O’Brien, T.J.; Glover, D.V.; Cherry,
J.H. 1971. Enhanced deoxyribonucleic acid polymerase
activity of chromatin from soybean hypocotyls treated with
2,4-dichlorophenoxyacetic acid. Plant Physiology 48(1):4345. July. [19 ref]
• Summary: “Chromatin isolated from soybean (Glycine max
L., var. Wayne) hypocotyls was capable of catalyzing the
polymerization of labeled deoxyribonucleoside triphosphate
in the presence of the three other deoxyribonucleoside
triphosphates into a trichloroacetic acid-insoluble product.
This product was insensitive to base hydrolysis and
ribonuclease, but was sensitive to acid hydrolysis and
deoxyribonuclease. Chromatin-DNA polymerase required
Mg2+ and all four deoxyribonucleoside triphosphates
for maximal activity.” Address: Depts. of Agronomy and
Horticulture, Purdue Univ., Lafayette, Indiana 47907.
1881. Van Duyne, John W.; Turnipseed, S.G.; Maxwell, J.D.
1971. Resistance in soybeans to the Mexican bean beetle. I.
Sources of resistance. Crop Science 11(4):572-73. July/Aug.
[5 ref]
• Summary: “Abstract: World collections of soybean,
Glycine max (L.) Merr., maturity groups VII and VIII,
were screened for resistance to the Mexican bean beetle,
Epilachna varivestis Mulsant, in 1968. Twenty-three
selections and five commercial cultivars were intensively
studied in 1969. In the field plants of PI 229358, PI
171451, and PI 227687 were highly resistant. Laboratory
forced feeding tests showed that these three lines were
unsatisfactory as food even when no alternate food was
available.”
“The commercial cultivars Hardee, Hampton 266A,
Davis, and Lee 68 were susceptible to the beetle, while
Bragg and Nela were less susceptible than other commercial
cultivars.” Address: 1. Graduate Research Asst., Dep. of
Entomology; 2. Assoc. Prof. of Entomology; 3. Asst. Prof. of
Agronomy and Soils. All: Clemson Univ., Clemson, South
Carolina 29631.
1882. Finkner, R.E.; Malm, Norman R. 1971. Soybean
variety trials on the high plains of eastern New Mexico. New

Mexico Agricultural Experiment Station, Research Report
No. 203. 8 p. Aug. [5 ref]
• Summary: In 1961, soybean research started at the Plains
Branch Station, where the crop was one of the first to be
tested under irrigation. Varieties in maturity group IV
performed well. Tables show mean yield and agronomic
characteristics for soybeans at the Plains Branch Station each
year from 1962 to 1969. Named varieties tested include:
Clarke 63, Dare, Hill, Hinn, Kent, Lee, and Patterson. Clark
63 seemed to be the soybean variety best adapted to the
High Plains of eastern New Mexico. Address: 1. Prof. of
Agronomy, Plains Branch Station, Clovis; 2. Asst. Prof. of
Agronomy, Southeastern Branch Station, Artesia. Both: New
Mexico.
1883. Leggett, James E.; Frere, Maurice H. 1971. Growth
and nutrient uptake by soybean plants in nutrient solutions of
graded concentrations. Plant Physiology 48(4):457-60. Oct.
[10 ref]
• Summary: “Soybean plants (Glycine max L. Merr. var.
Hawkeye), grown in nutrient solutions maintained at graded
concentrations showed a large response in both shoot dry
weight and total ion uptake. Growth rate was dependent upon
nutrient concentration, even when quantity of nutrient was
not limiting. Peak periods for absorption of specific ions at
certain growth stages were not exhibited. Rates of ion uptake
by soybeans were generally proportional to the growth rate
during the period of major growth. It is suggested that a
dilute nutrient solution could provide sufficient nutrients
for adequate root growth prior to major shoot growth, at
which time a more concentrated nutrient solution is needed.”
Address: 1. Mineral Nutrition Lab.; 2. United States Soils
Laboratory, Soil and Water Conservation Research Division,
ARS, USDA, Beltsville, Maryland 20705.
1884. Miller, L.I. 1971. Physiologic variation within the
Virginia-2 population of Heterodera glycines (Abstr.). J. of
Nematology 3(4):318. Oct.
• Summary: “Since levels of reproduction of different
isolates of H. glycines may vary greatly on ‘Lee’, it is
questionable whether this variety should be used as standard
to compute the reproductive rating of other varieties and
lines of G. max.” Address: Dep. of Plant Pathology and
Physiology, Virginia Polytechnic Inst. and State Univ.,
Blacksburg, VA 24061.
1885. Fehr, W.R.; Caviness, C.E.; Burmood, D.T.;
Pennington, J.S. 1971. Stage of development descriptions for
soybeans, Glycine max (L.) Merrill. Crop Science 11(6):92931. Nov/Dec. [5 ref]
• Summary: This extremely important paper created a
new and more precise system of abbreviated terminology
/ nomenclature that soon came to be used worldwide (in
place of a former numerical system) to refer to the stages

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 608
of growth of the soybean plant. The descriptions apply to
all soybean genotypes grown in any environment. “The
descriptions apply to single plants or a community of plants
and are precise and objective. Vegetative and reproductive
development are described separately.
Vegetative stages are determined by counting the
number of nodes on the main stem, beginning with the
unifoliate node. Stage no.
“V1 = Completely unrolled leaf at the unifoliate node.
“V2 = Completely unrolled leaf at the first node above
the unifoliate node.
“V3 = Three nodes on main stem beginning with the
unifoliate node.
Reproductive stages. “R1 and R2 are based on
flowering, R3 and R4 on pod development, R5 and R6 on
seed development, R7 and R8 on maturation.” Stage no.
“R1 = One flower at any node.
“R2 = Flower at node immediately below the uppermost
node, with a completely unrolled leaf.
“R3 = Pod 0.5-cm (¼ inches) long at one of the four
uppermost nodes, with a completely unrolled leaf.
“R4 = Pod 2 cm (3/4 inch) long at one of the four
uppermost nodes, with a completely unrolled leaf.
R5 = Beans beginning to develop (can be felt when the
pod is squeezed) at one of the four uppermost nodes with a
completely unrolled leaf.
“R6 = Pod containing full-sized green seeds at one of
the four uppermost nodes, with a completely unrolled leaf.
“R7 = Pods yellowing; 50% of leaves yellow:
physiological maturity.
“R8 = 95% of pods brown: harvest maturity.” Address:
Iowa Agricultural and Home Economics Experiment Station,
Ames, Iowa; and Arkansas Exp. Station, Fayetteville.
1886. Ross, J.P. 1971. Effect of phosphate fertilization on
the yield of mycorrhizal and nonmycorrhizal soybeans.
Phytopathology 61(11):1400-03. Nov. [11 ref]
• Summary: “Abstract: Yields of soybeans grown in
fumigated soil were not related to phosphate fertilization
levels when plants were infected with the mycorrhizal
fungus, Endogone;...” Address: Plant Pathologist, Crops
Research Div., ARS, USDA, P.O. Box 5397, Raleigh, North
Carolina 27607.
1887. Buzzell, R.I. 1971. Inheritance of a soybean flowering
response to fluorescent-daylength conditions. Canadian J. of
Genetics and Cytology 13(4):703-07. Dec. [6 ref]
• Summary: “The inheritance of flowering time was studied
in the short-day soybean,... under long-day conditions in the
greenhouse using natural day length extended to 20 hours
with cool-white fluorescent light. A single, major gene with
two alleles was found to control the flowering response...”
Address: Research Station, Canada Dep. of Agriculture,
Harrow, Ontario.

1888. Gillett, J.B.; Polhill, R.M.; Verdcourt, B. 1971.
Leguminosae (Part 4), subfamily papilionoidae (2). In:
E. Milne-Redhead and R.M. Polhill, eds. 1971. Flora of
Tropical East Africa. London: Crown Agents for Oversea
Governments and Administrations. See p. 528-33. Dec. 14.
[10+ ref]
• Summary: The section on Leguminosae lists one main
species of Glycine, G. wightii. Variations within this species
include: (1) subsp. wightii. Cultivated in Kenya and said
to originate from Rhodesia. (2) var. longicauda. The type
species was found on the Ethiopia/Sudan boundary. Found
in Uganda, Kenya, Tanganyika, and Zanzibar. Synonyms
may include: Bujacia anonychia (E. Mey., Comm. Pl. Afr.
Austr., p. 127, 1836) found in South Africa at Port Natal
near Durban; Glycine bujacia Benth. Comm. Leg. Gen. p. 62
(1837); Glycine micrantha A. Rich, Tent. Fl. Abyss. 1:212
(1847). Type species found in Ethiopia; Glycine moniliformis
A. Rich, Tent. Fl. Abyss. 1:211 (1847). Type species found
in Ethiopia; Glycine longicauda Schweinfurth in Verhandl.
Zool. Bot. Ges. Wien 18:658 (1868)... etc. (3) subsp.
pseudojavanica. Type species found in Tanganyika. (4) var.
pseudojavanica. Found in Uganda, Kenya, Tanganyika. (5)
subsp. petitiana. Type species found in Ethiopia. (6) var.
petitiana. Found in Kenya, Tanganyika, Ethiopia. (7) subsp.
petitiana var. mearnsii. Type species found in Kenya. Also
found in Uganda. Many synonyms for each are given.
Concerning the soybean: “G. max (L.) Merrill, the
soya bean, belonging to the subgenus Soja (Moench) F. J.
Herman, has been cultivated in Kenya (Kitale, 14 Sept. 1962,
Bogdan 5546 !) and in Tanganyika (Lushoto District, Amani,
11 Sept. 1907, Stuhlmann 7143 !, 4144 ! & 5 July 1938,
Greenway 5888 !), but it is of little importance as a crop
plant in East Africa. G. tabacina (Labill.) Benth. has been
grown experimentally at Kitale, Kenya (Knight in Bogdan
4677 !).
Note: The various numbers followed by an exclamation
point refer to the numbers assigned to specimens examined
by the authors. The place and date that the specimen was
collected, and the person who collected it are given before
the specimen number. This book contains no bibliography.
Address: The Herbarium, Royal Botanic Gardens, Kew,
Richmond, Surrey TW9 3AE, England; 2. Missouri
Botanical Garden, P.O. Box 299, St. Louis, Missouri 63166.
1889. Shah, N.C.; Joshi, M.C. 1971. An ethnobotanical study
of the Kumaon region of India. Economic Botany 25(4):41422. Oct/Dec. See p. 419. [6 ref]
• Summary: The section titled “Folklore medicinal plants
in the submontane region” (which constitutes the main
portion of the Kumaon region and lies at an altitude of 3,000
to 7,000 feet) mentions the soybean, whose local name is
bhat. “The seeds, crushed, are given to buffalos for stomach
disorder (damri). Many kinds of lentel [lentil?] dishes
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are prepared.” Note: The unusual veterinarian usage with
buffalos. Address: 1. National Botanic Gardens, Lucknow; 2.
Ayurvedic College, Rajpipla. Both: India.
1890. Taira, Harue; Taira, Hirokadzu. 1971. Influence of
location on the chemical composition of soybean seeds.
I. Protein, oil, carbohydrate, and ash contents. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 40(4):530-44. Dec. [19 ref. Eng; jap]
• Summary: “Summary: The chemical composition of
30 varieties of soybean seeds grown at 3 locations, i.e.,
Ishioka, Shiojiri, and Kumamoto, was determined and the
results indicated that there were remarkable differences in
the composition. On the mean value, Kumamoto showed
the highest in protein and ash contents and the lowest in
carbohydrate content among the locations. On the other
hand, Shiojiri showed the lowest in oil content. Regarding
coefficient of variation of chemical constituents at each
location, the oil was the largest and the ash was the smallest.
On the correlation between the chemical constituents and
the estimated characters and climatic environments, it was
shown that the protein content was negatively influenced by
sum total of days from seeding to flowering, from flowering
to maturity, and from seeding to maturity, accumulated daily
mean temperature from seeding to flowering, from flowering
to maturity, and from seeding to maturity, accumulated
sunshine hours from seeding to flowering, from flowering
to maturity, and from seeding to maturity, and amount of
totalized precipitation from seeding to flowering, from
flowering to maturity, and from seeding to maturity. The
oil content was positively influenced by sum total of days
from flowering to maturity and from seeding to maturity,
and accumulated daily mean temperature from flowering to
maturity and from seeding to maturity...” Address: National
Food Research Institute, Ministry of Agriculture and
Forestry, Koto-ku, Tokyo.
1891. Bulach, P.P. 1971. Ischodni material dlja selektsi soi
na dalnem vokstoke [The influence of cool temperature on
soybean plants]. In: Biologija i Vozdelivanie Soi (Biology
and Cultivation of Soya). Vladivostok. See p. 144-48. [Rus]*
• Summary: Aug. 23: I sent to Molly by e-mail. Bulach, P.P.
1971. Ischodni material dlja selektsi soi na dalnem vokstoke.
Biologija i Vozdelivanie Soi Vladivostok, 144-148.
In the world collection of soybean cultivars there
is broad variation in sensitivity to photoperiod. Many
soybean varieties bred in eastern Siberia (north of the Amur
River) are not significantly delayed in flowering by the
comparatively long summer days of that northern region.
Address: USSR.
1892. Gordienko, V.A. 1971. Soja v Moldavi [Soybeans in
Moldovia]. In: Biologija i Vozdelivanie Soi (Biology and
Cultivation of Soya). Vladivostok. See p. 36-39. [Rus]*

Address: USSR.
1893. Hardy, R.W.F.; Burns, R.C.; Hebert, R.R.; Holsten,
R.D. Jackson, E.K. 1971. Biological nitrogen fixation: A key
to world protein. Plant and Soil Spec. Vol., 561-590. *
1894. Kamprath, E.J. 1971. Potential detrimental effects
from liming highly weathered soils to neutrality. Soil and
Crop Science Society of Florida, Proceedings 11:200-03. *
1895. Sevostjanichina, R.I. 1971. Soja v evropeiskoi chasti
SSSR [The influence of cool temperature on soybean plants].
In: Biologija i Vozdelivanie Soi (Biology and Cultivation of
Soya). Vladivostok. See p. 50-56. [Rus]*
Address: USSR.
1896. Blunt, Wilfrid. 1971. The compleat naturalist: A life of
Linnaeus. New York, NY: The Viking Press. 256 p. With the
assistance of William T. Stearn. Index. 26 cm. [63* ref]
• Summary: Part I: The years of struggle, 1707-1735.
Carl Linnaeus was born on 23 May 1707 in Sweden. He
developed a love of flowers, his father’s garden, and natural
history from an early age. He studied botany; in those days
all doctors were botanists. He decided to study medicine
and in 1727 he enrolled at the university at Lund. Then he
studied natural history at Uppsala University, writing his
thesis on plant sexuality. He taught at the Botanic Garden,
developed a new classification of plants, then traveled
in Lapland in 1732, returned to Uppsala, and traveled to
Dalecarlia in 1734. In early 1735 he proposed to his brideto-be Sara Elisabeth (Sara Lisa) Morae, 18-year-old daughter
of Falun’s Town Physician, Dr. Johan Moraeus. The girl’s
parents agreed, but only on the conditions that the marriage
should not take place for 3 years and that Linnaeus should
abide by his plans to go abroad. Linnaeus found he was short
on money.
Part II: In search of fame, 1735-1738. Linnaeus traveled
with friend Sohlberg to Germany, especially Hamburg,
and then to Amsterdam, Holland where he met Johannes
Burman, a brilliant young botanist, who was now at work
on a Flora of Ceylon, Thesaurus Zeylanicus, using primarily
a herbarium which had been formed in the 1670s by Paul
Hermann. This was Linnaeus’ first sight of tropical plants.
After meeting Albert Seba, he visited Harderwijk, known for
“selling degrees... The whole procedure of graduation could
be completed within a week.” At age 28 he became a doctor
of medicine. In Leyden he met Dr. Herman Boerhaave,
the famous physician and teacher of medicine. The latter
recognized Linnaeus as a man of great talent. With his funds
running low, Linnaeus published his Systema Naturae in
1735. In this work he first used the so-called “sexual system”
of plant classification, based on the stamens (male organs)
and pistil. Also in 1735 Linnaeus decided to settle down for a
stay at Burman’s house. Shortly thereafter, on 13 Aug. 1735,
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he met the “man who was to become his greatest patron and
benefactor in Holland: George Clifford. Clifford was an
enormously rich, fifty-year-old Anglo-Dutch financier and
a director of the Dutch East India Company... He was also
an enthusiastic horticulturist and zoologist, and his garden
and private zoo at the Hartecamp, his country estate about
five miles from Haarlem on the way to Leyden, were famous
throughout Holland.” Boerhaave was Clifford’s doctor. The
splendors of Hartecamp surpassed anything that Linnaeus
had been able to imagine. Through the intermediary of
Gronovius, Linnaeus was invited “to live with Clifford, who
was something of a hypochondriac, in the double capacity
of house physician and superintendent of his garden (with
full access to his fine library and herbarium). He moved
in on 24 Sept. 1735. “It was agreed that he should be paid
a thousand florins a year, with free board and lodging; his
principal duties would be to supervise the hot-houses and
classify and put into order the specimens in the herbarium,
to prepare an account of the latter and of the plants which
Clifford grew, and to keep a watchful eye on the health of his
patron. Linnaeus pledged himself to stay through the winter;
as things turned out he was to remain at the Hartekamp for
more than two years. He lived there ‘like a prince’, with a
free hand to buy what books were needed for the library and
what plants he coveted for the garden and hot-houses; he
had leisure for his own work and access to all the reference
books that were necessary for it. At last he was–to use a
botanical metaphor–’in clover.’”
In July 1736 Linnaeus left Clifford’s home and spent
a month in England, in part collecting plants for Clifford.
There he visited Sir Hans Sloane (the doyen of British
naturalists), and had a run-in with Philip Miller (in charge
of the Apothecaries’ Garden at Chelsea and author of the
celebrated Gardener’s Dictionary). Miller, a disciple of
Ray and Tournefort, resisted changing to the new Linnaean
system of classification until the 7th edition of his book
(1759), and in his 8th and last edition (1768) he adopted the
Linnaean binomial nomenclature for species.
In 1738 (though it is dated 1737) the most handsome
of all Linnaeus’ many books, Hortus Cliffortianus,
was published. Illustrated by Georg Ehret (without
acknowledgment) and Jan Wandelaar, it described and
cataloged all of the plants growing at Hartecamp. It marked
the beginning of a new era of botanical illustration, since
most of the plates gave dissections of the flowers as well
as portraying their habit of growth. Unfortunately the
illustrations were not colored. The splendid frontispiece
shows that it was Linnaeus, not Celsius who invented the
thermometer in which the freezing pint of water is zero
degrees and the boiling point 100. Also in 1737 the first
of many editions of Genera Plantarum was published it
used Linnaeus new sexual system for classifying plants.
He felt obliged to change or abolish more than half the
generic names established by earlier author, based on his

examination of more than 8,000 flowers.
By the autumn of 1737 Linnaeus was so exhausted
through overwork and so run down in health that he decided
to return home to Sweden from Holland. Clifford was
very sad to see him go. On the way home to Falun and his
patiently waiting bride-to-be he visited Leyden and Paris
(where he met the three Jussieu brothers and visited the
Jardin du Roy / Jardin des Plantes).
Part III: The prince of botanists 1738–1778. In
Stockholm, Linnaeus set up shop as a physician in order to
earn money. Then he found a patron and benefactor, Count
Carl Tessin. In June 1739 he was married. On 20 Jan. 1741
his first son, Carl, was born in Falun. In 1741 the King
appointed him professor of medicine and botany at Uppsala
University, this releasing him from the wretched drudgery
of being a medical practitioner in Stockholm. In Oct. 1741
he and his family moved to Uppsala, where he was to live
for the rest of his life. Then he botanized in Oland and
Gotland, two Baltic islands, in 1741. Chapter 5 contains
character sketches of Linnaeus by those who knew him.
He had many great students and apostles, who brought him
plants from the ends of the earth. Those who traveled to East
Asia and described soybeans included Per (Pehr) Osbeck
(lived 1723-1805; traveled 1750-52 in China and the East
Indies) and Carl Peter Thunberg (pronounced tuen-BAERuh; lived 1743-1828; in Asia 1775-76, especially Japan). In
1753 Species Plantarum, one of Linnaeus’ most influential
works was published. Also in 1753 Linnaeus was created a
Knight of the Polar Star, and in 1761 (antedated 1757) was
ennobled, taking the name of von Linné, by which he is still
generally known on the Continent. In 1758 he bought three
small country estates, including Hammarby, near Uppsala.
Hammarby became his beloved retreat in the summer and is
today a place of pilgrimage for all who revere him. Linnaeus
died in 1778. After his death, the Linnaean mantle fell upon
Thunberg. In Uppsala Linnaeus’ house and his country house
at Hammarby with garden are still famous. Linnaeus’ main
collections were sold by his widow in 1784; they are now
in the keeping of the Linnaean Society of London. Some
of his works are in the huge Carolina Rediviva in Uppsala.
For details on the Appendix “Linnaean classification,
nomenclature, and method,” see W.T. Stearn (1971).
Address: Curator of the Watts Gallery at Compton, near
Guildford, England.
1897. De Larco, Joseph Edward. 1971. The site of interaction
between soybean trypsin inhibitor and trypsin. PhD thesis,
University of Minnesota. 123 p. Page 4392 in volume 32/08B of Dissertation Abstracts International. *
Address: Univ. of Minnesota.
1898. Kitamura, S.; Murata, G. 1971. Coloured illustrations,
woody plants, Japan. All volumes. Japan: Hoikusha
Publishing Co. *
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1899. Long, David Webster. 1971. Metabolism of
photosynthetically carbon-14 labeled sugars in developing
soybean seeds. PhD thesis, The Ohio State University. 96
p. Page 2035 in volume 32/04-B of Dissertation Abstracts
International. *
Address: The Ohio State Univ.
1900. Phythyon, John Raymond. 1971. Changes in the lipid
composition of the developing seeds of carbon-14 labeled
soybean plants. PhD thesis, Kansas State University. 118
p. Page 6203 in volume 32/11-B of Dissertation Abstracts
International. *
Address: Kansas State Univ.
1901. Stearn, William T. 1971. Linnaean classification,
nomenclature, and method (Document part). In: Wilfrid
Blunt. 1971. The Compleat Naturalist: A Life of Linnaeus.
New York: The Viking Press. 256 p. See p. 242-51.
Appendix. [63* ref]
• Summary: Contents: Introduction. Natural and artificial
classification. Linnaeus’s botanical classification.
Key to the classes of the Linnaean system. Linnaeus’s
zoological classification. General of plants. Generic names.
Differentiation of species. Botanical Latin and terminology.
Binomial nomenclature. The Linnaean protologue.
Linnaeus’s collections. Some sources of further information.
The principal works of Linnaeus published in his lifetime.
Linnaeus’ greatest contribution was the successful
introduction of consistent binomial nomenclature for
plants and animals. In all he coined Latin or Latin-form
internationally usable names for roughly 7,700 species of
plants and 4,400 species of animals, linking these names
with descriptions, diagnoses, and illustrations which made
evident and stabilized their application. Linnaeus first used
binomial names (though for a limited number of plants)
in 1745 in his Olandska och Gothlandska Resa before
applying it to the whole vegetable kingdom in his Species
Plantarum (1753) and to the whole animate world in his
Systema Naturae (10th ed., 1758-59). His Species Plantarum
together with his General Plantarum (5th ed., 1754) has
been accepted by international agreement among botanists
as the starting point for botanical nomenclature in general.
The most important of his predecessors were the Englishman
John Ray (1628-1705) and the Frenchman Joseph Pitton de
Tournefort (1656-1708). “Before Linnaeus’s introduction of
consistent binomial nomenclature for species in 1753 and its
general adoption during the next 25 years, there existed no
single accepted method of naming species. Hence pre-1753
nomenclature, though by no means as chaotic as sometimes
stated, tended to be awkward, unstable, and inconsistent.”
Linnaeus carefully examined the sexual organs (stamens
and pistil) of every flower he could find. “The great diversity
in the number of these organs led him to base upon them

his so-called ‘sexual system.’ This was first published
in his Systema Naturae (1735) and adopted as the basic
arrangement of all his botanical works. He divided all
flowering plants (angiosperms or phanerogams) into twentythree classes based on the male organs, i.e. according to the
number, relative lengths, etc. of the stamens, as Monandria
with one stamen (exemplified by Canna and Salicornia),
Diandria with two stamens (exemplified by Salvia and
Veronica), Triandria with three stamens (exemplified by
Cyperus and Iris), and so on. His twenty-fourth class, the
Cryptogamia, included plants which seemed to be flowerless,
such as the mosses. These classes were in turn divided
into Orders based on the female organs, as Monogynia
with one style or sessile stigma (exemplified by Lilium and
Campanula), Digynia with two styles or sessile stigmas
(exemplified by Bromus and Gentiana).”
The soybean was assigned to the class XVII, Diadelphia.
The plant had conspicuous flowers, the stamens and pistils
were in the same flower. The union of stamens occurred
in the filaments, and the stamens were in two phalanges
(bundles).
After his death, “Linnaeus’s main collections were
sold by his widow in 1784 to James E. Smith and were
purchased from the latter’s widow in 1829 by the Linnean
Society of London, in whose keeping they have remained.
They include Linnaeus’s botanical and zoological library,
with manuscripts, correspondence and annoted copies, his
herbarium...”
Note: A few definitions may be useful. Stamen: The
organ of a flower that produces the male gamete, and consists
of an anther and a filament (masculine organ). Pistil: The
ovule-bearing organ of a seed plant that consists of the ovary
with its appendages (feminine organ). Anther: The part of
a stamen that develops and contains pollen and is usually
borne on a stalk. Filament: The anther-bearing stalk of a
stamen. Stipe: A prolongation of the receptacle beneath the
ovary of a seed plant. Diadelphous: United by filaments
into two fascicles–used of stamens. Corolla: The petals of
a flower constituting the inner floral envelope surrounding
the sporophylls. Address: Botanist, British Museum, Natural
History.
1902. USDA Plant Inventory. 1971. Plant material introduced
January 1 to December 31, 1969 (Nos. 338614 to 346863).
No. 177. 278 p.
• Summary: Soybean introductions: Glycine max (L.)
Merrill. Leguminosae. 341241-341264 (p. 72). “From
Mississippi. Seed grown at Delta Branch Experiment Station,
Stoneville. Numbered March 17, 1969.” Variety sources
and names: Australia via Israel (1); Seminole. Australia via
Tanganyika (7); Hernon 237, Red Tanner, Yellow Kedele,
Avoyelles, CNS, Sangalo. Australia (1); 16680. Australia
via Sudan (1); Congo. Australia via Taiwan (1); Bilofield.
Brazil (1); Amerelo Giganti. Sudan (3); CMS, RI 84, HLST.
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Vietnam (2); E32, Nam Vang.
Tanganyika via El Salvador (6); HLS 154, HLS 167,
HLS 219, HLS 239, HLS 241, HLS 263. Liberia Strain.
Liberia. Maturity group VI.
Note 1. HLS numbers come from Tanganyika, where
the varieties were bred in the early 1960s. The “HLS”
designation is probably derived from the names of the
parents, Hernon + Light Speckled.
Note 2. The format of this document and the HLS
numbers seem to indicate that this “Liberia Strain” came to
the USA from Tanganyika via El Salvador. In other words,
it started in Liberia, then went to Tanganyika, then to El
Salvador, and then to Stoneville, Mississippi. We do not
know how it got to Liberia.
Talk with Dr. Randall Nelson, curator of the U.S.
Soybean Germplasm Collection, Urbana, Illinois. 1997. Nov.
24. “Liberia Strain” is probably not a varietal name; it just
means that this seed probably came from Liberia. We do
not know where the variety was before it went to Liberia.
Dr. Hartwig, who was the curator of the Southern Soybean
Collection in Stoneville, Mississippi at the time, probably
received this soybean strain from somebody in Liberia,
entered it in the register, then grew it out. There is no
additional information about many soybean accessions from
the southern collection aside from that which appears in the
USDA Plant Inventory. Address: Washington, DC.
1903. Buttery, B.R.; Buzzell, R.I. 1972. Some differences
between soybean cultivars observed by growth analysis.
Canadian J. of Plant Science 52(1):13-20. Jan. [17 ref. Eng;
fre]
• Summary: “Spaced plants of soybean... cultivars were
subjected to classical growth analysis. Varietal differences
in mean net assimilation rate (NAR), relative growth rate
(RGR), relative leaf growth rate (RLGR), leaf area ratio
(LAR), specific leaf weigh...” Address: Research Station,
Canada Agriculture, Harrow, Ontario.
1904. Jackson, Nelroy E.; Franklin, R.E.; Miller, R.H. 1972.
Effects of vesicular-arbuscular mycorrhizae on growth and
phosphorus content of three agronomic crops. Proceedings–
Soil Science Society of America 36(1):64-67. Jan/Feb. [7 ref]
• Summary: “Several placements of vesicular-arbuscular
(VA) mycorrhizal inoculum in soil were compared in
a greenhouse study of the potential use of VA fungi for
increasing yields of agronomic crops on low P-status soils.
Placement of VA mycorrhizal inoculum and rock phosphate
was considered an integral treatment... There were no
effects of VA mycorrhizal inoculation of soil on growth of
soybeans (Glycine max L. Merrill ‘Harosoy 63’)...” Address:
Former Research Associate and Professor, Ohio Agricultural
Research and Development Center, Ohio State Univ.
1905. Harper, J.E.; Hageman, R.H. 1972. Canopy and

seasonal profiles of nitrate reductase in soybeans (Glycine
max. L. Merr.). Plant Physiology 49(2):146-54. Feb. [11 ref]
• Summary: The soybeans were grown in both field plots
and in outdoor hydroponic gravel culture.
“Nitrogen fixation is normally initiated in soybeans 20
to 30 days after planting.”
“Nitrate reductase activity per gram fresh weight per
hour was highest in the uppermost leaf just prior to full
expansion and declined with leaf positions lower in the
canopy. Total nitrate reductase activity per leaf was also
highest in the uppermost fully expanded leaf during early
growth stages. Maximum total activity shifted to leaf
positions lower in the plant canopy with later growth stages.
“Nitrate reductase activity of soybeans grown in
hydroponic systems was significantly higher than activity
of adjacent soil grown plants at later growth stages, which
suggested that under normal field conditions the potential
for nitrate utilization may not be realized.” Address: 1. Plant
Science Research Div., ARS, USDA, Urbana, Illinois.
1906. Weissman, Gerard S. 1972. Influence of ammonium
and nitrate nutrition on the pyridine and adenine nucleotides
of soybean and sunflower. Plant Physiology 49(2):142-45.
Feb. [26 ref]
• Summary: “Total pyridine nucleotide concentration of
root tissue for young soybean (Glycine max var. Bansei) and
sunflower (Helianthus annuus L. var. Mammoth Russian)
plants is the same with either ammonium or nitrate, but
nitrate results in an increased proportion of total oxidized
plus reduced NADP (NADP [H]) seemingly at the expense of
NAD. The activity of NADH-and NADPH-dependent forms
of glutamic acid dehydrogenase is correlated with the ratio
of total oxidized plus reduced NAD to NADP (H). The low
NAD:NADH ratio maintained...” Address: Dep. of Biology,
Rutgers Univ., Camden, New Jersey 08102.
1907. Weissman, Gerard S. 1972. Influence of ammonium
and nitrate nutrition on enzymatic activity in soybean and
sunflower. Plant Physiology 49(2):138-41. Feb. [33 ref]
• Summary: “Under conditions of controlled pH, nitrate
and ammonium are equally effective in supporting the
growth of young soybean (Glycine max var. Bansei) and
sunflower (Helianthus annuus L. var., Mammoth Russian)
plans. Soybean contains an active nitrate reductase in roots
and leaves, but the low specific activity of this enzyme in
sunflower leaves indicates a dependency upon the roots for
nitrate reduction. Suppression of nitrate reductase activity
in sunflower leaves may be due to high concentrations
of ammonia received from the roots...” Address: Dep. of
Biology, Rutgers Univ., Camden, New Jersey 08102.
1908. Bernard, R.L. 1972. Two genes affecting stem
termination in soybeans. Crop Science 12(2):235-39. March/
April. [26 ref]
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• Summary: Woodworth (1933) and Etheridge, Helm, and
King (1929) indicated that a determinate type was one in
which the stem terminated in a raceme bearing several
pods, while the indeterminate type did not have a terminal
infloresence.
But Bernard pointed out that no anatomical studies
proving this have been published. He suggested that the
difference between indeterminate and determinate soybeans
is a result of the timing of the termination of stem growth
and not the way in which it terminates. He defined a
determinate type as one in which the stem growth terminated
abruptly at the onset of flowering while in the indeterminate
type, stem growth, node and leaf production continued for
several weeks after flowering began. The thick stem tip
usually associated with determinate types is apparently
a result of continuation of growth in stem diameter after
growth in length has ceased. Bernard also pointed out
that there were gradations in the degree of determinacy–
called “semi-determinate.” Address: Research geneticist,
PSRD, ARS, USDA, and Prof. of Plant Genetics, Dep. of
Agronomy, Univ. of Illinois, Urbana, IL.

no reigai ni kansuru kenkyû. III. Daizu no kaika mae teion
ga kafun no hatsuga oyobi jusei ni oyobosu eikyo [Studies
on cool injury in bean plants. III. Abnormalities in the
reproductive processes related to pod dropping as affected
by cool temperature before anthesis in soybean plants].
Hokkaido Nogyo Shikenjo Iho (Hokkaido Agricultural
Experiment Station, Research Bulletin) No. 100. March.
[Jap; eng]
Address: Hokkaido National Agric. Exp. Station, Tokachi,
Hokkaido.

1909. Cardwell, V.B.; Polson, D.E. 1972. Response of
Chippewa 64 soybean scions to roots of different genotypes.
Crop Science 12(2):217-19. March/April. [13 ref]
• Summary: “The scion was dominant in determining seed
weight, oil, protein, and maturity, while the root altered
lodging, height, and seed yield. Most rootstocks increased
lodging and reduced height and seed yield of grafted
Chippewa 64 scions.” Address: Asst. Profs. of Agronomy
and Plant Genetics. Minnesota Agr. Exp. Sta. Univ. of
Minnesota, St. Paul, Minnesota 55101.

1913. Streeter, John G.; Bosler, Mary E. 1972. Comparison
of in vitro and in vivo assays for nitrate reductase in soybean
leaves. Plant Physiology 49(3):448-50. March. [8 ref]
• Summary: “Difficulties encountered in measuring nitrate
reductase activity in soybean leaves (Glycine max [L.] Merr.)
using published methods for extraction and in vitro assays
attracted our attention to an in vivo assay first published
by Mulder et al. (7) and recently refined by Randall (8).
We have made minor improvements in both the in vivo
and in vitro assays and have attempted to determine if a
reproducible relationship exists between the two assays.”
Address: Dep. of Agronomy, Ohio Agricultural Research and
Development Center, Wooster, Ohio 44691.

1910. Ghorashy, S.R.; Pendelton, J.W. 1972. Apparent
photosynthesis of soybean plants as affected by changes
in leaf water potential, under field conditions. Iranian J. of
Agricultural Research 1(2):92-97. March. [6 ref]
• Summary: “Abstract: Apparent photosynthesis (AP) and
leaf water potentials of ‘Clark’ soybeans,... were determined
under field conditions. The diurnal course of solar radiation
and water potential of leaves at 25, 50 and 75 cm canopy
height were measured. AP of the soybean leaves started
to decline at leaf water potential of -12 bars. At leaf water
potentials of about -14 to -15 bars, the photosynthetic rate
was 50% of fully turgid leaves. Leaf water potential of
soybean plants grown with high soil moisture was -12 bars
or lower for several top leaves on a high radiation day,
indicating moisture stress was present and AP rates were
reduced. The leaves at 75 cm canopy height had lower
water potentials than those at 25 cm height.” Address: 1.
Asst. Professor, Dep. of Agronomy, College of Agriculture,
Pahlavi Univ., Shiraz, Iran.
1911. Goto, Kazuo; Yamamoto, Tadashi. 1972. Mamerui

1912. Miller, Carlos O. 1972. Modification of the cytokinin
promotion of deoxyisoflavone synthesis in soybean tissue.
Plant Physiology 49(3):310-13. March. [9 ref]
• Summary: “Soybean tissue incubated in liquid media
formed daidzin in response to cytokinin when the media
contained 0.1 M sucrose but formed another, unidentified
compound when the media contained 0.6 M sucrose or
mannitol. The cytokinin effect in either setup was detectable
only after a lag period of several hours.” Address: Botany
Dep., Indiana Univ., Bloomington, Indiana 47401.

1914. Key, Joe L.; Leaver, C.J.; Cowles, J.R.; Anderson,
J.M. 1972. Characterization of short time labeled adenosine
monophosphate-rich ribonucleic acids of soybean. Plant
Physiology 49(5):783-88. May. [39 ref]
• Summary: “The total population of newly synthesized
32P-AMP-rich RNA has been separated into two major types
based on repeated fractionation on methylated albuminkieselguhr columns. The purified D-RNA which elutes,
under our experimental conditions, primarily in the salt
gradient has a GMP/AMP ratio of about 0.8 and an AMP +
UMP content of about 56 mole per cent. The purified TBRNA which preferentially remains bound to the column in
the salt gradient has a GMP/AMP ratio of about 0.4 to 0.45
and an AMP + UMP content of about 65...” Address: Dep. of
Botany, Univ. of Georgia, Athens, Georgia.
1915. Safir, G.R.; Boyer, J.S.; Gerdemann, J.W. 1972.
Nutrient status and mycorrhizal enhancement of water
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transport in soybean. Plant Physiology 49(5):700-03. May.
[31 ref]
• Summary: “The vesicular-arbuscular mycorrhizal
relationship, one of the most common forms of symbiosis,
increases the growth of many host plant species... including
soybean (30, 31). The increased growth has been attributed
to an enhanced nutrient uptake by the host plant...
Mycorrhizal plants take up more phosphorus than nonmycorrhizal controls when relatively unavailable sources
of phosphorus are supplied to the roots... In most cases the
addition of more readily available phosphorus eliminates
differences in growth and phosphorus uptake...” Address:
1&3. Dep. of Plant Pathology; 2. Dep. of Botany. All: Univ.
of Illinois, Urbana, Illinois 61801; Safir’s present address:
Dep. of Botany and Plant Pathology, Michigan State Univ.,
East Lansing, Michigan 48823.
1916. Lal, M.S.; Mehta, S.K. 1972. Performance of soybean
varieties from the USA. Indian J. of Agricultural Sciences
42(6):461-63. June.
• Summary: “The performance of 11 varieties of soybean...
belonging to maturity groups IV to VIII, was evaluated from
1968 to 1970 for flowering, maturity, seed yield and seed
index. ‘Bragg’ (U.S. maturity group VII), flowering in 36
days and maturing in 107 days, gave the highest yield of
3,321 kg per ha. Other promising varieties were ‘Semmes’,
`Davis’, ‘Lee’ and ‘Hood’. The early-maturing ‘Clark 63’
and ‘Hill’, and the late-maturing ‘Improved Pelican’ and
‘Hardee’ gave a poor performance.” Address: Jawaharlal
Nehru Krishi Vishwa Vidyalaya, Jabalpur, India.
1917. Taira, Harue; Taira, Hirokadzu. 1972. Influence of
location on the chemical composition of soybean seeds. II.
Potassium, phosphorus, magnesium, and calcium contents.
Nippon Sakumotsu Gakkai Kiji (Proceedings of the Crop
Science Society of Japan) 41(2):213-25. June. [8 ref. Eng;
jap]
• Summary: “Summary: The seeds of 30 soybean varieties
grown at 3 locations, i.e. Ishioka, Shiojiri, and Kumamoto,
were analyzed for potassium, phosphorus, magnesium, and
calcium contents...” For example:
“a. Variation in potassium content: Among the 30
varieties, the potassium content on dry matter basis varied
from 1.56 to 2.00% (mean: 1.762%) at Ishioka, from 1.47 to
1.87% (mean: 1.686%) at Shiojiri, and from 1.28 to 2.05%
(mean: 1.691%) at Kumamoto (table 3)...” Address: National
Food Research Institute, Ministry of Agriculture and
Forestry, Koto-ku, Tokyo.
1918. Boyer, J.S. 1972. Relationship of plant moisture status
to irrigation need in corn and soybean crops: Final report.
Water Resources Center Research Report (Univ. of Illinois)
No. 60. 35 p. July. Project no. B-036-Ill. [40 ref]
• Summary: “Two of the largest problems in irrigation

planning are (1) the measurement of crop moisture status
and (2) the interpretation of the measurements in terms of
irrigation need. This research program was devoted to both
these problems and involved the development of a rapid,
simple method for measuring crop moisture status that could
be used on the individual farm, and the determination of the
physiological response of corn and soybean to low moisture
availability.
“As a result, a small, inexpensive pressure chamber
was designed, field-tested, and shown to give reasonably
accurate values for the moisture status of corn and soybeans.
The response of leaf enlargement, photosynthesis, and dark
respiration were measured under laboratory conditions
in corn, soybean, and sunflower as moisture availability
decreased. These data then were used to simulate these
processes during a drought that occurred in the field. The
simulation showed that, during vegetative development
in corn and soybean, leaf enlargement was much more
sensitive than photosynthesis or dark respiration to drought.
Consequently, irrigation could be based on the maintenance
of leaf enlargement alone...” Z Address: Principal
Investigator, Univ. of Illinois Water Resources Center, 2535
Hydrosystems Lab., Urbana, IL 61801.
1919. Feung, Chao-Shieung; Hamilton, Robert H.; Witham,
Francis H.; Mumma, Ralph O. 1972. The relative amounts
and identification of some 2,4-dichlorophenoxyacetic acid
metabolites isolated from soybean cotyledon callus cultures.
Plant Physiology 50(1):80-86. July. [13 ref]
• Summary: “Soybean cotyledon callus grown on radioactive
2, 4-dichlorophenoxyacetic acid (2, 4-D-1-14C) as an
auxin produced 2, 4-D metabolites, which qualitatively and
quantitatively changed with time. Water soluble fractions
from the tissue exhibited a steady increase in radioactivity
during the course of 24 days. Following -glucosidase
treatment, at least eight aglycones were obtained from
the water soluble fraction of the tissue after 8 days. The
metabolite, 4-hydroxy-2, 5-dichlorophenoxyacetic acid was
the most abundant aglycone..." Address: Depts. of Biology
and Entomology, The Pennsylvania State Univ., University
Park, Pennsylvania 16802.
1920. Samish, Y.B.; Pallas, J.E., Jr.; Dornhoff, G.M.; Shibles,
R.M. 1972. A re-evaluation of soybean leaf photorespiration.
Plant Physiology 50(1):28-30. July. [11 ref]
• Summary: “Recalculations of soybean photorespiration
indicate that mean rates are closer to 16.1 than 5.6
milligrams of CO2 per square decimeter per hour as
previously reported. Photorespiration of soybean thus
amounts to at least a 30% carbon turnover of light-saturated
photosynthesis. Photorespiration showed no significant
relationship to net photosynthesis. Negative correlations
were found between CO2 efflux and stomatal resistance
as well as between corrected photorespiration and residual
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intracellular resistance of the leaf to CO2 uptake.” Address:
1-2. Soil and Water Conservation Research Division, ARS,
USDA, Watkinsville, Georgia 30677, and Dep. of Agronomy,
Univ. Georgia, Athens, Georgia 30601.
1921. Wang, L.C. 1972. Polyamines in soybeans. Plant
Physiology 50(1):152-56. July. [17 ref]
• Summary: “Putrescine, spermidine, and spermine were
three main polyamines isolated from soybeans and partially
characterized. Occurrence of polyamines in soybeans was
established by separating trichloroacetic acid extracts of
soybeans by cationic exchange column chromatography,
identification with thin layer chromatography, paper
electrophoresis, mass spectral analysis, reactions with
ninhydrin and Dragendorff reagents, and spectrophotometric
characteristics. Soybeans contained a minimum of 29.0
micrograms of polyamines per gram of full-fat flour.”
Address: Northern Regional Research Laboratory, Peoria,
Illinois 61604.
1922. Chaney, Rufus L.; Brown, John C.; Tiffin, Lee O.
1972. Obligatory reduction of ferric chelates in iron uptake
by soybeans. Plant Physiology 50(2):208-13. Aug. [33 ref]
• Summary: “The contrasting Fe2+ and Fe3+
chelating properties of the synthetic chelators
ethylenediaminedi (o-hydroxyphenylacetate)(EDDHA)
and 4, 7-di (4-phenylsulfonate)-1, 10- phenanthroline
(bathophenanthrolinedisulfonate)(BPDS) were used to
determine the valence form of Fe absorbed by soybean roots
supplied with Fe3+-chelates. EDDHA binds Fe3+ strongly,
but Fe2+ weakly; BPDS binds Fe2+ strongly but Fe3+
weakly. Addition of an excess of BPDS to nutrient solutions
containing Fe3+-chelates inhibited soybean Fe uptake...”
Address: U.S. Soils Laboratory, SWCRD, ARS, USDA,
Beltsville, Maryland 20705.
1923. Meng, Ron L.; Vanderhoef, Larry N. 1972.
Mitochondrial tyrosyl transfer ribonucleic acid in soybean
seedlings. Plant Physiology 50(2):298-302. Aug. [29 ref]
• Summary: “Soybean seedlings were examined for the
presence of mitochondrial tRNA. Tyrosyl transfer tRNAs
from whole cells, from a well characterized mitochondrial
preparation, and from a snake venom phosphodiesterasetreated mitochondrial preparation, were compared by
reverse phase chromatography. It was concluded that none
of the three previously reported tRNATyr species were
mitochondrial. Rather, a fourth tRNATyr species, eluting
somewhat later, was of mitochondrial origin. Mitochondrial
tRNATyr was chromatographically similar to...” Address:
Dep. of Botany, Univ. of Illinois, Urbana, Illinois 61801.
1924. Criswell, J.G.; Hume, D.J. 1972. Variation in
sensitivity to photoperiod among early maturing soybean
strains. Crop Science 12(5):657-60. Sept/Oct. [16 ref]

• Summary: A key article on daylength neutrality. Two
experiments were conducted to identify soybean varieties
“that were nonsensitive to photoperiod for possible use
as parental lines in a breeding program. Twelve soybean
varieties were subjected to photoperiods of 12, 16, 20 and 24
hours in growth cabinets.” The time until the first flower was
as expected in all but one variety.
Early maturing varieties were found to be less sensitive
to photoperiod than were later varieties. Therefore 111
soybean varieties from Maturity Group 00 (the earliest
group) were grown at photoperiods of 12, 22, 23, and 24
hours in a controlled environment. In about 70% of these
varieties “the length of time from planting to flowering was
unaffected by photoperiod.”
Note: This is the earliest document seen (Aug. 2018)
that contains the term “nonsensitive to photoperiod” or
the term “unaffected by photoperiod” in connection with
soybeans. Address: Crop Science Dep., Univ. of Guelph,
Guelph, ONT, Canada.
1925. Jain, H.K.; Konno, S.; Na Lampang, Arwooth. 1972.
Discussion: Soybean seed viability. Tropical Agriculture
Research Series No. 6. p. 240-42. Sept. Symposium on Food
Legumes.
• Summary: The best way to keep the viability is to keep
them under low temperature and low humidity.
They found that a remarkable difference: The variety
bred in Kyushu, in warm southern Japan showed normal
germination whereas the variety bred in Hokkaido, cold
northern Japan, showed an extraordinary decline in
germination.
Among various soybean varieties, varieties germinate
poorly when they have large seed size, higher oil content,
and lower protein content.
In Thailand, which has a hot, humid climate, loss of
seed viability is a serious problem. But they found a practical
way to store the seeds for more than one year without
deterioration. First they dry the seeds slowly, then store them
in an air-tight plastic bag.
1926. Konno, Shoshin. 1972. Physiological studies of
soybeans in Japan. Tropical Agriculture Research Series No.
6. p. 151-68. Sept. Symposium on Food Legumes. [66 ref]
• Summary: Contents: Preface. Germination.
Development and shedding of floral organs. Soil moisture.
Nutriophysiology. Dry mater production and photosynthesis.
Ripening and chemical components of seed. Cool weather
damage. Conclusion. Discussion.
Regular studies on soybean physiology started in or
after 1946. Most of these studies were done to address
problems which arose in the course of breeding or cultivation
experiments.
In Japan, soybeans are produced mainly in Hokkaido
and in the Tohoku region (Northeast provinces of Akita,
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Aomori, Fukushima, Iwate, Miyagi and Yamagata). Address:
2nd Div. of Plant Physiology, National Inst. of Agricultural
Sciences, Arai, Kitamoto-shi, Saitama, Japan.
1927. Soybean Digest. 1972. Certificates of meritorious
service. Sept. p. 25.
• Summary: Contains a description and photo of men and
organizations who have worked to help soybeans in America:
(1) Dr. Robert W. Howell: Education and research. “For his
devoted and high effective service to the soybean industry
through research over the past 20 years. During the early
years of his career he was the only researcher in this country
who was devoting his efforts full-time to the physiology of
the soybean. More recently he has turned to administrative
work and has successfully guided and coordinated soybean
research on a national basis during a period of rapid
growth, which has seen the number of soybean researchers
quadrupled. Dr. Howell became head of the department of
agronomy at the University of Illinois last November. Before
that, he had been with the Agricultural Research Service,
U.S. Department of Agriculture, since 1952.”
(2) The Andersons of Maumee, Ohio. (3) M.C. Bevis
(Service within the organization). (4) Delta Farm Press
(Farm communications. Located in Clarksdale, Mississippi).
(5) State achievement awards (Iowa Soybean Assn.,
Louisiana Soybean Assn.).
1928. Hymowitz, T.; Collins, F.I.; Panczner, J.; Walker, W.M.
1972. Relationship between the content of oil, protein, and
sugar in soybean seed. Agronomy Journal 64(5):613-16.
Sept/Oct. [12 ref]
• Summary: The oligosaccharides, raffinose and stachyose,
have been implicated as causative factors in the production
of intestinal gas and discomfort among those who consume
soybean products. Calloway (1966) and Rackis, Sessa, and
Honig (1967) have pointed out that because the human
digestive tract lacks -galactosidase activity, both raffinose
and stachyose pass into the large intestine where they are
anaerobically fermented to produce gas. Low molecular
weight sugars such as glucose [a monosaccharide] are
normally ingested along the lining of the small intestine.
Lowering the oligosaccharide content of soybeans might
make them more acceptable for human consumption.
Seeds of 60 selected lines from Maturity Groups 00 to
IV were analyzed for their content of selected nutrients. The
ranges in values (percent by weight) were: oil 14.5 to 23.0,
protein 33.1 to 49.2, total sugar 5.6 to 10.9, sucrose 2.5 to
8.2, raffinose 0.1 to 0.9, and stachyose 1.4 to 4.1.
The average total sugar content of the soybeans sampled
was 8%. Of this, 60% was sucrose, 36% was stachyose, and
4% was raffinose.
Total sugar content and oil content in soybean seeds
were positively correlated, and each was negatively
correlated with protein content. "Sucrose and raffinose

were positively correlated with oil content, while stachyose
content was positively associated with protein."
Note. This is the earliest English-language document
seen (June 2013) that mentions "oligosaccharides" in
connection with whole soybeans. Address: Dep. of
Agronomy, Univ. of Illinois, Urbana, IL 61801.
1929. Moore, Thomas S., Jr.; Miller, Carlos O. 1972. Effects
of cytokinins on the respiration of soybean callus tissue.
Plant Physiology 50(5):594-98. Nov. [12 ref]
• Summary: “A technique which incorporates a brief
blending step to disperse callus tissue into small clumps
of cells was developed, and the effects of cytokinins on
respiration of soybean (var. Acme) callus tissue prepared
in this way were studied. Adenine alone did not affect
respiration, but kinetin and zeatin showed effects correlating
with their reported effects on growth of this tissue; after
about 3 hours both hormones promoted respiration at
concentrations which promote growth, while kinetin, but not
zeatin,...” Address: Dep. of Plant Sciences, Indiana Univ.,
Bloomington, Indiana 47401.
1930. Polson, D.E. 1972. Day-neutrality in soybeans. Crop
Science 12(6):773-76. Nov/Dec. [15 ref]
• Summary: An key early study of daylength neutral
soybeans and photoperiod insensitivity. The north-south
range of adaptation of soybean varieties is limited because
of the photoperiod requirements for flowering (anthesis).
This necessitates the breeding of soybean varieties adapted
to different latitudes. If “daylength-neutral” varieties could
be found and used in soybean breeding programs, the range
of adaptability might be considerably expanded. The U.S.
collection of soybeans (from around the world) of maturity
groups 00 and 0 (about 400 varieties) was screened for day
neutrality by growing the plants at various photoperiods in
the greenhouse. Varieties that flowered in the greenhouse
in about the same number of days under photoperiods
ranging from 12 to 22 hours were identified. Several of these
varieties “were also day-neutral with respect to flowering
in a field experiment,... however some of the day-neutral
strains were delayed in maturity more than others by the long
photoperiods.”
Howell, an expert on soybean physiology, has stated
(1960) that “there appears to be no case in which a soybean
variety is indifferent in its response to daylength.” However
since day neutrality has been reported in so many other crop
species, it would be surprising if it did not exist in soybeans.
This study shows that it does exist.
Table 1 shows six day-neutral varieties of soybeans.
None of these 6 have names, only P.I. numbers, which are:
153.212, 154.194, 189.876, 196.529, 227,323, and 297.550.
The 1st, 4th and 6th are from maturity group 00 while the
rest are from maturity group 0. These were selected in part
because they come from many different parts of the world:
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Belgium, Netherlands, France, Sweden, Japan and Hungary.
“This indicates that selection for extreme earliness as is
needed in these countries was also effective in selecting
day-neutral types.” It seems likely that all of these soybean
varieties “initially originated from the same or similar areas
or northern Asia.”
Note 1. This is the earliest English-language document
seen (Sept. 2018) with the term “Day-neutrality” in the
document or in the title (regardless of hyphenation or
capitalization).
Note 2. This is the earliest English-language document
seen (Sept. 2018) that contains the term “daylength-neutral”
or the term “day-neutral” in connection with the soybean.
Address: Dep. of Agronomy and Plant Genetics, Univ. of
Minnesota, St. Paul 55101.
1931. Ambler, J.E.; Brown, John C. 1972. Iron-stress
response in mixed and monocultures of soybean cultivars.
Plant Physiology 50(6):675-78. Dec. [10 ref]
• Summary: “Hawkeye (Fe-efficient) and PI-54619-5-1 (Feinefficient) soybeans were grown in mixed and monoculture
nutrient solutions to evaluate an inhibitory effect of PI54619-5-1 on the uptake of Fe by Hawkeye. The ability of
Hawkeye to take up Fe (Fe-stress response) was dependent
on the degree of Fe stress (Fe deficiency) and was not the
result of an inhibitory substance released by PI-54619-5-1 in
mixed culture (Hawkeye+ PI-54619-5-1). The degree of Fe
stress in Hawkeye was dependent on the amount of Fe taken
up by the...” Address: USDA, ARS, Agricultural Research
Center, Plant Stress Laboratory, Beltsville, Maryland 20705.
1932. Bastidas R., G.; Camacho M., L.H.; Longdoño V., J.F.;
Buitrago G., L.A.; Davis, F. 1972. [Effect of plant density
on some agronomic and physiological characteristics of
three genotypes of soyabean (Glycine max (L.) Merr.) under
tropical conditions]. Fitotecnia Latinoamericana 8(3):37-43.
[13 ref. Spa; eng]*
Address: Centro Nacional de Investigaciones Agropecuarias,
Palmira, Colombia.
1933. Gibson, A.H. 1972. Australian legume nodulation
research, 1948-70. In: J.H. Leigh and J.C. Noble, eds. 1972.
Plants for Sheep in Australia: A Review of Pasture, Browse
and Fodder Crop Research, 1948-1970. Sydney, Australia:
Angus and Robertson. xxvii + 402 p. See p. 99-125, 294319. Illust. Maps. 25 cm. [523* ref]
• Summary: Under Glycine max in the index, soya beans are
mentioned on pages 83, 111, and 120.
Page 83: “Sometimes nutritional differences, even
between cultivars, appear to be genetically controlled. Brown
(1961) found that the soybean cultivar `Hawkeye’ was able
to grow on soils where other cultivars showed severe iron
chlorosis. The difference is controlled by a single gene
and is located in the roots. Susceptible cultivars grafted on

`Hawkeye’ showed no chlorosis.”
Page 111: “Cytological Studies: Electron microscope
studies in recent years have provided a clearer understanding
of the fine structure of the symbiosis between the host
legumes and the rhizobia. Bergersen and Briggs (1958)
showed in mature soybean... nodules that groups of 4-6
bacteroids were enclosed in double-layered membranes
that appeared to originate from host cell and separated
the bacteroids from host cell cytoplasm. Dart and Mercer
(1963a) later confirmed the presence of these membrane
envelopes in nodules of all six species they examined.”
Page 120: “This contrasted with observations on
soybean bacteroids (Bergersen 1958) where the level
was constant from an early stage. However, the form of
the nodules on lupins and soybeans is very different and
Dilworth and Williams suggest that in soybeans the cells
mature very quickly;...” “Fusarium and Rhizoctonia
infection has been found to reduce the nodulation, and
growth, of soybeans (Horton and Gibson, unpublished
data).” Address: C.S.I.R.O., Division of Plant Industry,
Canberra, A.C.T. [Australia].
1934. Turnipseed, S.G. 1972. Response of soybeans to
foliage losses in South Carolina. J. of Economic Entomology
65:224-229. *
1935. Carr, D.J. ed. 1972. Plant growth substances 1970.
Proceedings of the 7th International Conference on plant
growth substances held in Canberra, Australia. December
7-11, 1970. Berlin: Springer-Verlag. 837 p. *
Address: Research School of Biological Sciences, Australian
National Univ., Canberra, Australian Capital Territory.
1936. Christensen, C.M.; Kaufmann, Henry H. 1972.
Biological processes in stored soybeans. In: A.K. Smith and
S.J. Circle, eds. 1972. Soybeans: Chemistry and Technology.
Westport, CT: AVI Publishing Co. xiii + 470 p. See p. 27893. Chap. 8. [19 ref]
• Summary: Contents: 1. Introduction. 2. Heating and
respiration: Seed respiration, fungus respiration. 3. Examples
of soybean storage losses: Case one, case two, analysis
of losses. 4. Nature and cause of storage losses: Nature
of losses, seed structure related to losses, damage and
heat damage (damaged kernels, heat-damaged kernels),
mycotoxins, germinability, fungi and storage. 5. Storage
conditions and quality: Moisture limits, moisture transfer,
temperature, time, condition of seed on storing, foreign
material. 6. Maintenance of quality: Moisture testing
problems, periodic testing, accuracy of moisture meters,
temperature detection systems, aeration, removal of foreign
material. Address: Univ. of Minnesota.
1937. Howell, R.W.; Caldwell, B.E. 1972. Genetic and other
biological characteristics [of soybeans]. In: A.K. Smith and
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S.J. Circle, eds. 1972. Soybeans: Chemistry and Technology.
Westport, CT: AVI Publishing Co. xiii + 470 p. See p. 27-60.
Chap. 2. [142 ref]
• Summary: Contents: 1. Nomenclature and description:
Morphology. 2. Seed. 3. Areas of adaptability:
Environmental effects on adaptability. 4. Growth of the
soybean plant: Germination, vegetative growth habit, root
growth, nodulation and nitrogen fixation, mineral nutrition
and fertilization, photosynthesis, seed development. 5.
Diseases and weeds: Diseases, weeds, insects and mites.
6. Quantitative genetics. Address: 1. Chief, Oilseed and
Industrial Crops Research Branch; 2. Leader, Soybean
Investigations; Both: USDA Plant Science Research Div.,
Beltsville, Maryland.
1938. Hymowitz, T.; Walker, W.M.; Collins, F.I.; Panczner,
J. 1972. Stability of sugar content in soybean strains.
Communications in Soil Science and Plant Analysis
3(5):367-73. [10 ref]
• Summary: Soybean seeds of various varieties from 6
Maturity Groups were tested for sugar content. The average
content of total sugar, sucrose, raffinose, and stachyose
was 9.36, 5.96, 0.75, and 2.65 gm per 100 gm of seed,
respectively. Address: Dep. of Agronomy, Univ. of Illinois at
Urbana-Champaign, Urbana, Illinois 61801.
1939. National Research Council, Committee on Genetic
Vulnerability of Major Crops. 1972. Genetic vulnerability
of major crops. Washington, DC: National Academy of
Sciences. vii + 307 p. For soybeans, see Chap. 13, p. 207-17.
Illust. 23 cm.
• Summary: Chapter 13, titled “Soybeans and other edible
legumes,” discusses soybeans, peanuts, and dry beans.
Contents for soybeans: Origin and history. Importance
of crop. Genetic uniformity. Pests and diseases. Status of
breeding for resistance.
Concern with genetic uniformity and vulnerability
increased dramatically after 1970, when the U.S. corn crop
was struck by Southern corn blight. Yields dropped 15%
nationwide and more than 50% in certain major states. From
1924 to 1927 Dorsett collected 1,500 types of soybean
in Manchuria, and in 1929-31 he and Morse collected
4,578 varieties and types in Manchuria, Korea, and Japan.
This was the only expedition ever made into eastern Asia
specifically to collect soybean germ plasm. By 1922-43 of
the introductions received were found to be suited for seed
production in the U.S., and they were named. Approximately
10,500 introductions have been brought to the U.S. since
1898–many of these have been duplicates, so many have
been lost. Since 1943, 87 varieties have been registered by
the Crop Science Society of America.
The vulnerability of any crop to epidemics depends
upon the genetic uniformity of currently grown varieties.
The practices that increase the vulnerability of varieties by

restricting the germ plasm base are: 1. The parents used to
develop new varieties are restricted to a few that tend to
produce superior varieties under “normal” conditions. 2. A
very few varieties dominate production. 3. Resistance to a
given disease in currently grown varieties traces to a single
source.
Most of the currently grown varieties can be related
to 11 introductions, listed here in descending order of
importance based on frequency of occurrence (percentage)
in parentage of currently grown soybean varieties. Three
percentages are given for each variety after the year of
introduction–Northern frequency, Southern frequency, and
total frequency. Northern refers to maturity groups 00-IV:
Mandarin (Pehtuanlintza, Northeastern China; 1911–84,
0, 58).
Richland (Changling, China; 1926–60, 0, 42).
AK [A.K.] (China; 1912–32, 63, 42).
Manchu (Niguta, China; 1911–56, 0, 39).
Tokyo (Yokohama, Japan; 1901–14, 58, 27).
Clemson (Nanking, China; 1927–9, 68, 27).
PI 54610 (Changchun, Liaoning Prov. China; 1921–14,
47, 24).
Mukden (Mukden, China; 1920–26, 0, 18).
Dunfield (Fancheatun Station, China; 1913–7, 26, 13).
Arksoy (Pingyang [Pyongyang / P’yongyang], Korea;
1914–0, 32, 10).
Roanoke (rogue from Pi 71597, Nanking, China; 1927–
0, 26, 8).
The varieties Wayne, Amsoy, Corsoy, Clark or Clark
63, Lee, and Bragg accounted for 56% of the U.S. acreage.
Statistics indicate that, for the soybean varieties currently
grown, genetic uniformity is pronounced.
1940. Rios, C.P.; Dobereiner, J. 1972. Efeitos de variedade
de soja (Glycine max) e do inoculante na fisiologia da
nodulacao em condicioes de campo [The effect of soybean
(Glycine max) variety and inoculants on the physiology of
nodulation under field conditions]. Pesquisa Agropecuaria
Brasileira, Serie Agronomia 7:123-127. [19 ref. Por; eng]
• Summary: “Abstract: In a field experiment conducted at
the Uberaba Experiment Station with four soybean varieties
and five inoculants, nodule numbers, their total weight and
mean weight were determined at different stages of plant
development.
“There were significant differences between inoculants
on nodule number and significant variety effects on total
and mean nodule weight. The varieties which produced
higher nodule numbers also possessed smaller sized nodules.
Maximal nodule numbers were reached between 49 and 64
days after planting depending on the vegetative cycle of the
variety, and on the inoculant. The best inoculants continued
to form nodules until 64 days after planting. Mean nodule
size varied little with the inoculant but one early variety
produced significantly larger nodules than the others.
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“Total nodule weight increased until 64 days after
planting and there were significant differences between
inoculants and varieties.” Address: Inst. de Pesquisas
Agropecuarias, Uberaba, Centro-Oeste, C.P. 57, Uberaba,
Minas Gerais, Brasil.
1941. Shaikh, M.A.Q. 1972. Effect of population and
spacing on the protein and the oil content of soybean seeds.
Bangladesh J. of Biological and Agricultural Sciences
1(2):24-26. [10 ref]
• Summary: These field trials were conducted at the
Agricultural Research and Education Centre of the American
University of Beirut, Lebanon, situated in the Beqa’s plain
[Bekáa Valley]. Soybean cultivars Ford, Perry, and Clark
were sown with between-plant spacings of 2, 3 or 4 cm, and
between-row spacings of 20, 50 or 75 cm. The seed protein
contents of Ford, Perry and Clark averaged 35.62%, 35.58%
and 36.19% respectively, and were not affected by spacing.
The highest protein content was obtained with Ford grown at
3 x 25 cm spacing, and the lowest protein content with Ford
grown at 4 x 25 cm spacing. Ford seeds contained an average
of 22.39% oil and these values were not affected by spacing.
“Acknowledgement: The author is grateful to Prof. W.W.
Worzella, Head of Crop Production and Protection Division,
Faculty of Agricultural Sciences, American University of
Beirut, Lebanon for guidance and constructive criticism and
to the U.S. A.I.D. for financial support during the course of
this study.”
Note 1. This study is part of the author’s M.S. Thesis of
the American University of Beirut, Lebanon.
Note: This is the earliest document seen (Oct. 2010)
concerning soybeans in connection with Bangladesh
after it became an independent country in March 1971.
However these soybeans were not in Bangladesh and
were not cultivated in Bangladesh, even though the trial
was conducted by a researcher from Bangladesh and the
results were published in a journal in Bangladesh. Address:
Agriculture Div., Atomic Energy Centre, Bangladesh.
1942. Smith, Allan K.; Circle, Sidney J. eds. 1972. Soybeans:
Chemistry and technology. Vol. 1. Proteins. Westport,
Connecticut: AVI Publishing Co. xi + 470 p. Illust. Index. 24
cm. [500+ ref]
• Summary: One of the best and most comprehensive
reviews on the subject, with extensive information on
modern soy protein products. Each of the 12 chapters
is written by an expert on the subject, and each is cited
separately. Volume 2 was never published. Address: 1. PhD,
Oilseeds protein consultant, New Orleans, Louisiana; 2.
PhD, Director, Protein Research, W.L. Clayton Research
Center, Anderson Clayton Foods, Richardson, Texas.
1943. Bergersen, F.J.; Turner, G.L.; Appleby, C.A. 1973.
Studies of the physiological role of leghaemoglobin in

soybean root nodules. Biochimica et Biophysica Acta (BBA)–
Bioenergetics 292(1):271-82. Jan. [38 ref]
• Summary: Leghaemoglobin does not have a direct role
in the nitrogen-fixing system, but may act by facilitating
the diffusion of O2 into the nodule tissue under the low
pO2 existing in the dense tissue. Address: Div. of Plant
Industry, Commonwealth Scientific and Industrial Research
Organization [CSIRO], Canberra, Australia.
1944. Bernard, R.L. 1973. Soybean breeders need new
germplasm. Soybean News (NSCIC) 24(2):5, 3. Jan.
• Summary: “The following information is based on an
interview with Dr. R.L. Bernard, USDA soybean breeder at
the University of Illinois. Dr. Bernard is in charge of the U.S.
world soybean germplasm collection. He went to Japan and
Korea last September on the first major collection mission
since 1931.
“Less than 40 varieties account for over 99% of the
commercial soybean acreage of United States and Canada.
Furthermore, many of these are closely interrelated. Only
about 20 introduced varieties comprise the complete
ancestry of today’s commercial varieties. Faced with this
rather narrow germplasm base, where does the soybean
breeder turn for breeding material to produce higher yielding
varieties for the future and for resistance to disease and
insect pests?
“USDA Soybean Collection: The USDA has maintained
since 1949 a germplasm collection of soybeans brought
from all over the world and especially from eastern Asia
where the soybean originated. Today there are approximately
3500 strains in this collection, 2500 early ones (maturity
group IV or earlier) maintained at the U.S. Regional
Soybean Laboratory, Urbana. Illinois, and 10000 late ones
(group V or later) at the Delta Branch Experiment Station,
Stoneville, Mississippi. Thousands of seed packets of
these strains are sent out each year to breeders and other
researchers throughout the U.S. and the world. They are
tested for yielding ability, disease or insect resistance, seed
composition, etc., and the promising ones are being put into
breeding programs to develop new varieties.
“How good is this collection and does it have sufficient
diversity to sustain continued variety improvement?
Compared to other major crops (such as wheat with over
15,000 lines in the USDA wheat collection), the soybean
collection is rather small. This is especially critical since the
U.S., with 75% of the world’s soybean production and most
of the rest of it in communist China, cannot rely on breeding
work and collections in other countries as with more widely
grown crops.
“In the last 20 years we have done an adequate job of
maintaining the soybean collection and making it available to
researchers, but no large-scale attempt to gather all soybean
germplasm has been made since the Dorsett and Morse
expedition to Asia in 1929-31. These two USDA researchers
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spent two years traveling through Japan, Korea, and northern
China (including Manchuria) and collected about 4500
soybean strains. Unfortunately the soybean was not yet an
important crop here and all but about 1,000 of these were
discarded before the present collection was established.
“Native wild species and varieties disappearing: In
the countries of eastern Asia where soybeans have been
grown for centuries, farmers have grown a great diversity of
varieties and types in the past. We don’t know for sure just
how much diversity is still present in these countries that is
not represented in the USDA collection. We do know that
this diversity is rapidly disappearing as improved experiment
station selections replace the diverse primitive varieties, and
unless researchers preserve it in germplasm collections it will
be lost forever.
“Another and largely untapped source of diversity in
eastern Asia is the wild soybean. Although of no economic
value in itself, it will cross readily with cultivated soybeans
and is therefore a potential source of disease or insect
resistance and possibly other traits of usefulness in soybean
breeding. It, too, is disappearing in some areas as a result of
man’s agricultural or building developments.
“Base expanded 30-50 percent by Bernard mission:
In view of this, plans have been proposed to have soybean
breeders from this country visit all of the countries of ancient
soybean culture during the next few years and obtain all
available soybean varieties and wild soybeans. As a start, Dr.
Richard Bernard of the U.S. Regional Soybean Laboratory
visited Japan and Korea this fall, collected wild soybeans
from over 100 places, and met with Japanese and Korean
soybean breeders, who have generously agreed to supply us
with perhaps as many as 2000 native varieties.
“Collection opportunities: Major collecting jobs that
remain to be done are:
“1. More thorough collecting of wild soybeans and
direct collecting of native varieties in Japan and Korea.
“2. Collecting of soybean varieties and wild soybeans
in China, which is the original home of the soybean and the
center of genetic diversity. This makes it the most important
area in the world for soybean germplasm. Almost all of U.S.
commercial varieties trace their origins to China. Current
political developments suggest that travel to China may be
possible in the near future.
“3. Other areas of eastern Asia where soybean
collections should be made:
“3a. North Korea along with China is a center of genetic
diversity and its latitude corresponds with our Midwest
production center. We have as yet no wild soybeans from
there.
“3b. In Siberia adjacent to China very early soybeans
have been grown for a long time. Also the very earliest wild
soybeans come from there.
“3c. Taiwan and the Ryukyu Islands of Japan have some
very primitive soybeans and are the southernmost range

of the wild soybean and the northernmost range of wild
perennial species closely related to soybeans.
“3d. Southeast Asia has some areas of ancient soybean
culture and some wild perennial species related to soybeans.
“4. Other parts of the world (Africa, South America,
Europe) may contain soybean germplasm not now available
in its eastern Asian homeland. Australia, Africa, and Oceania
contain perennial species closely related to soybeans that are
of interest to those studying the evolutionary history of the
soybean. These are not well known and are in need of more
research.
“If these proposed trips can be carried out, it will make
a major contribution to the procurement and preservation of
soybean germplasm which is so essential to future variety
development and to the maintenance of stable and efficient
soybean production in this country.”
A small portrait photo shows Dr. Richard Bernard.
Note: After this article was written, Prof. Theodore
Hymowitz (soybean geneticist at the Univ. of Illinois) took
many expeditions collecting wild perennial relatives of the
soybean. Address: Univ. of Illinois.
1945. Clapp, J.G., Jr. 1973. Response of Bragg soybean
to TIBA (2,3,5-Triiodobenzoic acid). Agronomy Journal
65(1):41-43. Jan/Feb. [8 ref]
• Summary: The results of this study indicate that TIBA,
a growth regulator, can be effective for increasing soybean
yields if applied to the Bragg variety during the early
vegetative growth stages. Additional studies are needed to
determine if TIBA can be beneficial for increasing yields of
other determinate varieties.
“In order to determine the most appropriate method of
applying TIBA to determinate soybeans, a single rate (38
g/ha) of TIBA was applied to the soybean variety ‘Bragg’
either in a single or in multiple applications during early
vegetative growth stages for two years in field experiments.
TIBA applications during the two, four, or six trifoliolate
growth stage increased soybean yields over the 2-year
period. These yield increases ranged from 7.0 to 9.8%.”
Address: Asst. Prof. of Crop Science, North Carolina State
Univ., Raleigh, NC 27607.
1946. Gupta, Ram K. 1973. Comparison between optical
properties of maize leaves and soybean leaves. Indian J. of
Agricultural Sciences 43(1):41-44. Jan. [8 ref]
• Summary: “When carbon dioxide and water are nonlimiting, the upper limit to photosynthesis, and hence
to yield, is set by the amount of light available to the
photosynthetic tissue.”
Discusses the reflectance, transmittance, and absorption
of light by the leaves as recorded by a ratio-recording
spectro-reflectometer. The maximum absorption of both
maize and soybean leaves was observed at 650 mμ
(millimicrons) and was attributed to the maximum absorption
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band of chlorophyll. The maximum reflectance was obtained
near the infra-red region; maize leaves reflected about 43%
of the light compared with 55% reflected by soybean leaves.
Address: Univ. of Illinois, Urbana, IL.
1947. Lawn, R.J.; Byth, D.E. 1973. Response of soya beans
to planting date in South-Eastern Queensland. I. Influence
of photoperiod and temperature on phasic developmental
patterns. Australian J. of Agricultural Research 24(1):67-80.
Jan. [14 ref]
• Summary: “In recent years considerable interest has
developed in the soya bean as an alternative crop for many
agricultural areas in eastern Australia.” Eighteen cultivars
from Morocco, USA, Tanzania, and Nigeria, plus local
selections were tested. Table 1, titled “Cultivar information,
gives the name of each variety, the relative maturity (very
early, early, mid season, late, etc.), the flowering type (all
but two are determinate), and the country of origin. Named
varieties include Hill, Dorman, Lee, Ogden, Bragg, Wills,
Hampton, Semstar, Avoyelles, Hernon, Ross, Gilbert,
Daintree, and Mamloxi.
“Phenological development of a range of soya bean
cultivars for a series of planting dates was studied at Redland
Bay, Queensland.” The duration of the different phases of
development were related to the day length and temperature
pattern during each phase. Varieties differed markedly in
their sensitivity to photoperiod. Temperature had a significant
influence only on those least sensitive to photoperiod.
Address: 1. Dep. of Agriculture, Univ. of Queensland, St.
Lucia, Qld. 4067; present address: Dep. of Agronomy, Univ.
of Minnesota, Minneapolis; 2. Dep. of Agriculture, Univ. of
Queensland, St. Lucia, Qld. 4067.
1948. Ohki, Kenneth; McBridge, Landy J. 1973. Deposition,
retention and translocation of 2,3,5-triiodobenzoic acid
applied to soybeans. Crop Science 13(1):23-27. Jan/Feb. [16
ref]
• Summary: Triiodobenzoic acid, a growth regulator, is
widely known as “TIBA.” Factors related to TIBA were
studied with two isotopes of radioactive iodine. “Factors
studied were four TIBA salt forms and four surfactants at
two concentrations of each surfactant.”
“TIBA retention was enhanced at the higher surfactant
rate by the two nonionic surfactants, while no effect was
attained by the higher rate of the cationic and anionic
surfactants. TIBA was rapidly translocated from recently
matured leaves to young developing leaves and tissues of
high metabolic activity.”
It was found that surfactants greatly influence the plant
physiological response of growth regulators. Address: 1.
Asst. Prof. of Agronomy, Univ. of Georgia, College of Agric.
Exp. Stations, Georgia Station, Experiment, GA 30212.
1949. Phillips, D.A.; Daniel, R.M.; Appleby, C.A.; Evans,

H.J. 1973. Isolation from Rhizobium for factors which
transfer electrons to soybean nitrogenase. Plant Physiology
51(1):136-38. Jan. [9 ref]
• Summary: “Rhizobium japonicum grown anaerobically
with nitrate produced several factors capable of transferring
electrons from spinach chloroplasts lacking photosystem II to
soybean root nodule nitrogenase. The same organism grown
aerobically produced no factors with detectable activity.
It is concluded that the bacterium is potentially capable of
producing these proteins in the low oxygen conditions of the
leguminous root nodule.” Address: Dep. of Botany, Oregon
State Univ., Corvallis, Oregon 97331, and Division of Plant
Industry, Commonwealth Scientific and Industrial Research
Organization, Canberra, Australia.
1950. Vig, B.K. 1973. Mitomycin C induced leaf
mosaicism in Glycine max (L.) Merrill in relation to the
post-germination age of the seed. Theoretical and Applied
Genetics (TAG) 43(1):27-30. Jan. [5 ref]
• Summary: “The frequency of mitomycin C induced
somatic crossing over in variety L65-1237 of Glycine max is
shown to be dependent upon the (physiological) age of the
seed during post germination period. Effect of mitomycin C
during the first four hr of germination is significantly lower
than during later periods. This increase in the frequency
of somatic crossing over is observed up to about 20-24 hr
and is then followed by a decrease.” Address: PhD, Dep. of
Biology, Univ. of Nevada, Reno, Nevada (USA).
1951. Chone, E. 1973. La culture du soja en France:
Perspectives [The cultivation of soybeans in France:
Perspectives]. Paris: CETIOM. 30 cm. [Fre]
• Summary: Contents: Variety studies in France (Maturity
Group 00 to V). Experiments with different varieties from
1966 to 1969: Group 00: Portage, Flambeau. Group 0:
Merit, Grant, Capital, Comet, Traverse, Mandarin-Ottawa.
Group I: Hudson, Chippewa. Group II: Amsoy, Harosoy 63,
Hawkeye 63, Hark, Corsoy. Group III: Wayne. Conclusion:
Amsoy was found to be the best variety. Address: Service
Développement du C.E.T.I.O.M., Paris.
1952. Poovaiah, B.W.; Wiebe, H.H. 1973. Influence of
hydrogen fluoride fumigation on the water economy of
soybean plants. Plant Physiology 51(2):396-99. Feb. [15 ref]
• Summary: “The influence of hydrogen fluoride fumigation
on water economy was studied using soybean... Fumigation
caused partial stomatal closure in 1 hour and practically
complete closure within 4 hours. The transpiration rate was
greatly reduced by fumigation, while the leaf temperature
was increased. Water potential increased after 1 day but fell
drastically when necrosis occurred. Effects of interrupted
fumigation during the day were somewhat less severe in
all respects than those of continuous fumigation; nighttime
fumigation caused only minor effects. Fluoride uptake
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was also much less from nighttime than from daytime
fumigations.” Address: Dep. of Botany, Utah State Univ.,
Logan, Utah 84321.
1953. Reichlova, E. 1973. [The effects of fertilization with
different kinds of phosphoric compounds on the content of
nitrogen and free amino acids in the leaves of soyabeans].
Rostlinna Vyroba (Plant Production) 19(2):147-152. Feb. [12
ref. Cze; eng; rus]
• Summary: “The lack of phosphorus in a nutritious
environment with insoluble aluminium, phosphate markedly
inhibited the forming of nodules. The plants suffered from
lack of nitrogen, and amino acids concentrated in the leaves
without being built up in the proteins. Calcium phosphate
proved to be a suitable source of available phosphorus. The
nutrition of plants with mineral nitrogen together with a
sufficient dose of available phosphorus was connected with
a smaller nitrogen content in the above-ground parts of the
plants. The percentage of the nitrogen content in the roots
was not influenced by a different phosphorus level in the
nutritious environment.” Address: Inst. of Plant Nutrition,
Praha-Ruzyne (Ustav vyzivy rostlin VURV, Prague Ruzyne),
Czechoslovakia.
1954. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois). 1973. Report of the second
national soybean research conference: Memphis, Tennessee,
March 5-8, 1973. No. 775. March 5. xvii + 51 p.
• Summary: The title page states: “This is a progress
report of cooperative investigations containing data the
interpretation of which may be modified with additional
experimentation.”
Contents: Preface by Richard L. Cooper, conference
chairman. List of conference participants. March 6, morning.
Plant breeding and genetics division: Germplasm old and
new (Germplasm sources of southern varieties, germplasm
sources of northern varieties, new additions to the germplasm
collection, tropical germplasm in breeding programs), new
tools in breeding and genetics. March 6, afternoon. Crop
production division. March 6, evening. Committee meetings
of the Uniform Regional Test participants (Northern,
Southern).
March 7, morning. Plant physiology and biochemistry
division. March 7, afternoon. Plant pathology, nematology,
entomology division. Current status of soybean diseases.
Past and present status of brown stem rot. Impact of insects
on soybean production. Breeding and genetics division.
Photoperiodism and day neutrality. Plant physiology
and biochemistry division. Plant pathology, nematology,
entomology division. Contains a 1/3 page abstract of 62
papers within the above divisions. Research activities of
conference participants (p. 40-51).
Note: Lindsy Ribble, reference librarian at the
University of Illinois ACES library, who found this

document, states: “This is the only report on a National
Soybean Research Conference that we have. I searched the
WorldCat database for similar proceedings and this was the
only one that came up... So it appears as though the National
Soybean Research Conferences did not continue, and if there
was a first one, there were no published proceedings.”
“List of Conference Participants:
“Ahlrichs, L. Monsanto Co., 800 N. Lindbergh, St.
Louis, MO 63131.
“* Albritton, D.J. Prof., Agronomy & Agr. Chem., A&M
Normal College, Pine Bluff AR 71601.
“* Aldrich, R.J. Associate Dean, College of Agriculture,
Univ. of Missouri, Columbia, MO 65201.
“Alexander, L.M. University of Florida, Gainesville,
Florida 32601.
“Anderson, I.C. Iowa State University, Ames, IA 50010.
“Aslin, W.E. Missouri Seed Improvement Association,
Univ. of Missouri, South Farm, P.O. Box 852, Columbia,
MO 65201,
“Athow, K.L. ARS, Dept. of Botany & Plant Path.,
Purdue Univ., Lafayette, IN 47907.
“* Baker, S.H. Georgia Coastal Plain Experiment
Station, Tifton, GA 31794.
“Baldwin, C.H. University of Missouri, Delta Center,
P.O. Box 160, Portageville, MO 63873.
“Batt, A.J. FFR Coop., 1600 W. Darlington St.,
Florence, SC 29501.
“Becker, R. Ohio Seed Improvement Association, 1001
W. Lane Ave., Columbus, Ohio 43221.
“Belledin, F.W. Rohm & Hass Co., 2049 McPherson
Rd., Memphis, TN 38116.
“Berger, G. Arkansas State University, State University,
AR 72467.
“Bernard, R.L. U.S. Regional Soybean Lab., Univ. of
Illinois, Urbana, IL 61801.
“Bhangoo, M.S. Univ. of Arkansas, Pine Bluff, AR
71601.
“Bingham, T. University of Wisconsin, Madison, WI
53706.
“Blackmon, C.W. Clemson Univ., Edisto Experiment
Station, Blackville, SC 29817.
“Boerma, H.R. University of Georgia, Plant Sciences
Bldg., Athens GA 30601.
“Boone, L.V. University of Illinois, Urbana, IL 61801.
“Brandsberg, G. Creative Services, Inc., 3612 S. W. 9th,
Des Moines, IA 50318.
“Brigham, R.D. Texas Agricultural Experiment Station,
Lubbock, TX 79401.
“Brim, C.A. USDA, North Carolina State, Raleigh, NC
27607.
“Bromfield, K.R. USDA, Ephiphytology Research Lab.,
Box 1209, Frederick, Maryland 21701.
“Brown, J.R. University of Missouri, Columbia, MO
65201.
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“Browne, E.B. University of Georgia, Athens, GA
30602.
“Brun, W.A. University of Minnesota, St. Paul, MN
55100.
“Buhr, K. Iowa State University, Ames, IA 50010.
“Burleigh, G. University of Arkansas, Pine Bluff, AR
71601.
“* Burnett, J. University of Missouri, Columbia, MO
65201.
“Burns, D.L. McNair Seed Co., P.O. Box 706,
Laurinburg, NC 28352.
“Burns, G.R. USDA, N. C. State University, P.O. Box
5120, Raleigh, NC 27607.
“Burris, J. Iowa State University, Dept. of Botany &
Plant Path., Ames, IA 50010.
“Burton, J.C. Vice Pres., Research & Development,
Nitragin Co., Inc., 3101 W. Custer Ave., Milwaukee, WI
53209.
“Butt, C.K. Indiana Crop Improvement Association,
Lafayette, IN 47905.
“Butzow, M. Seedmakers, Inc., Sidney, IL 61877.
“Caldwell, B.E. USDA-ARS, Beltsville, MD 20705.
“Caviness, C.E. Dept. of Agronomy, University of
Arkansas, Fayetteville, AR 72701.
“Chamberlain, D.W. U.S. Regional Soybean Lab.,
Urbana, IL 61801.
“Chambers, A.Y. University of Tennessee, W. Tennessee
Experiment Station, 605 Airways Blvd., Jackson, TN 38301.
“Clapp, J.G. North Carolina State University, Raleigh,
NC 27607.
“Cole, R.H. Pennsylvania State University, Dept. of
Agronomy, University Park, PA 16802.
“Collins, K.L. Agronomy Dept., Purdue University, W.
Lafayette, IN 47907.
“Colville, W.L. University of Georgia, Dept. of
Agronomy, Athens, GA 30602.
“Cothren, T. University of Arkansas, Fayetteville, AR
72701.
“Cooper, R.L. U.S. Regional Soybean Lab, Urbana, IL
61801.
“Cottingham, C. South Carolina State College,
Orangeburg, SC 29115.
“Cowan, J.C. Northern Regional Research Lab., Peoria,
IL 61604.
“Creech, R.G. Mississippi State Univ., Dept. of
Agronomy, Mississippi State, MS 39762.
“Criswell, J.G. University of Guelph, Guelph, Ontario,
CANADA.
“Crittenden, H.W. University of Delaware, Newark, DE
19711.
“Curley, R.L. The Nitragin Co., 3101 W. Custer Ave.,
Milwaukee, WI 53209.
“Curry, R.B. Dept. of Agricultural Eng., Ohio Agric.
Research & Dev. Center, Wooster, OH 44691.

“Davis, M.F. International Harvester Co., Memphis, TN
38116.
“Davis, W.H. Teweles Seed Co., Box 900, 1600 Oregon
St., Muscatine, IA 52761.
“Demski, J.W. Dept. of Plant Path., Georgia Experiment
Station, Experiment GA 30212.
“Dornhoff, G. University of Nebraska, Box 66, Clay
Center, NB 68901.
“Douglas, C. Georgia Coastal Plain Experiment Station,
Tifton, GA 31794.
“Duclos, L.A. University of Missouri, Portageville, MO
63873.
“Dunleavy, J.M. USDA, ARS, 417 Bessey Hall, Ames,
IA 50010.
“Eby, W. Stine Seed Farm, Adel, IA 50003.
“* Edwards, C.R. Purdue University, W. Lafayette, IN
47907.
“Edwards, C.J. ARS, Delta Branch Experiment Station,
Stoneville, MS 38776.
“Edwards, D.I. USDA, ARS, University of Illinois,
Urbana, IL 61801.
“Egli, D. University of Kentucky, Lexington, KY 40506.
“Ennis, W.B. NPS, ARS, USDA, Beltsville, MD 20782.
“Epps, J.M. USDA, ARS, PSRD, 605 Airways Blvd,
Jackson, TN 38301.
“Evans, A.W. Dupont Co., 1332 Glen Oaks Drive,
Memphis, TN 38117.
“Evans, C.L. Oklahoma State University, Stillwater, OK
74074.
“Ewing, E.C., Jr. Delta & Pine Land Co., Scott, MS
38772.
“Fennell, J. DuPont Co., 1620 Post Oak Tower, Houston,
Texas 77027.
“Freed, J. Iowa State University, Ames, IA 50010.
“Fehr, W.R. Iowa State University, Ames, IA 50010.
“Foels, T. Northrup King S Co., Washington, IA 52353.
“Ford, J.D. University of Missouri, Delta Research
Center, Portageville, MO 63873.
“Ford, R.E. University of Illinois, Plant Pathology Dept.,
Urbana, IL 61801.
“Gerard, J. Syler Inc., Plymouth, IN 46563.
“Gillham, L.B. E.I. DuPont, 142 Lilac Lane, Greenville,
MS 38701.
“Gordon, D.T. Ohio Agri. Research & Development
Center, Wooster, OH 44691.
“Gorman, J.P. ASA Tennessee Soybean Association,
Brownsville, TN 38013.
“Graham, J.C. Monsanto, 800 N. Lindbergh Blvd., St.
Louis, MO 63066.
“Green, D.E. Iowa State University, Ames, IA 50010.
“Green, J.M. McNair Seed Co., Laurinburg, NC 28352.
“Green, L.A., Jr. Green Bros. Seed Co., Nashville, TN
37202.
“Gross, H.D. North Carolina State University, Raleigh,
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NC 27607.
“Gossett, D.M. University of Tennessee, Knoxville, TN
38919.
“Gray, L.E. U.S. Regional Soybean Lab, Urbana, IL
61801.
“Guerry, W.W. Mississippi Seed Improvement
Association, Box 275, State College, MS 39762.
“Hadley, H.H. University of Illinois, Department of
Agronomy, Urbana, IL 61801.
“Ham, G. University of Minnesota, St. Paul, MN 55113.
“Hardy, R. W. F. DuPont, Wilmington, DE 19898.
“Harper, J.E. U.S. Regional Soybean Lab, USDA,
Urbana, IL 61801.
“Hartwig, E.E. USDA-ARS, Stoneville, Mississippi
38776.
“Havelka, U.D. DuPont Experiment Station,
Wilmington, DE 19898.
“Hendrix, C. Indiana Crop Improvement Association,
Lafayette, IN 47907.
“Herbek, J. University of Kentucky, West Kentucky
Substation, Princeton, KY 42445.
“Hexem, R.O. ASU, State University, AR 72467.
“Hill, J.H. Iowa State University, Ames, IA 50010.
“Hinson, K. USDA-ARS, University of Florida, 1303
N.W. 30th, Gainesville, FL 32601.
“Hittle, C.N. University of Illinois, Dept. of Agronomy,
Urbana, IL 61801.
“Hoffman, C.H. USDA-ARS, Beltsville, MD 20705.
“Holmsen, T. Dow Chemical, 567 Woodcock Road,
Midland, Michigan 48640.
“Horn, N.L. Louisiana State Univ., Baton Rouge,
Louisiana 70803.
“Howell, R.W. University of Illinois, Urbana, Illinois
61801.”
Note: This is the earliest document seen (March 2021)
that mentions McNair Seed Co. (Continued).
1955. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois). 1973. Report of the second
national soybean research conference: Memphis, Tennessee,
March 5-8, 1973 (Continued–Document part II). No. 775.
March 5. xvii + 51 p.
• Summary: (Continued): “Huey, B. Seed Broker, Carthage,
Illinois 62321.
“Huey, L.E. Mike Brayton Seeds, Inc., Box 308, Ames,
IA 50010.
“Hymowitz, T. Department of Agronomy, University of
Illinois, Urbana, Illinois 61801.
“Jaworski, E.G. Monsanto Co., 800 N. Lindbergh, St.
Louis, MO 63166.
“Jeffers, D.L. Ohio Agricultural Research &
Development Center, Wooster, OH 44691.
“Johnson, D. University of Missouri, Columbia, MO
65201.

“Johnson, H.W. University of Minnesota, St. Paul, MN
55112.
“Johnson, J.W. University of Illinois, Dept. of
Agronomy, Urbana, Illinois 61801.
“Jordan, W. Mississippi Extension Service, P.O. Box
5425, Mississippi State, MS 39762.
“Judd, R.W. National Soybean Crop Improvement
Council, Urbana, Illinois 61801.
“Judson, T. Delta & Pine Land Co., West Point, MS
39773.
“Kahn, R.P. APHIS-USDA, U.S. Plant Introduction
Station, Glenn Dale, Maryland 20769.
“Kamprath, E.J. North Carolina State University,
Raleigh, NC 27606.
“Keeling, B. USDA, Stoneville, MS 38776.
“Keith, G. Illinois Crop Improvement Association,
Urbana, Illinois 61801.
“Kennedy, B.W. Soybean Research Corp., University of
Minnesota, St. Paul, MN 55101.
“Keogh, J.L. University of Arkansas, Marianna,
Arkansas 72360.
“Kerr, H. University of Missouri, Delta Center,
Portageville, MO 63873.
“Kilen, T.C. USDA-ARS, Delta Branch Experiment
Station, Stoneville, MS 38776.
“Kim, D.K. Green Bros. Seed Co., Nashville, TN 37202.
“Kingsolver, USDA, Frederick Maryland 21701.
“Kinloch, R.A. University of Florida, ARC, Jay, FL
32565.
“* Kinsell, R. Silver Lane Hybrids, Remington, Indiana
47977.
“Kirby, J.S. Agronomy Dept. Oklahoma State
University, Stillwater, OK 74074.
“* Kogan, M. University of Illinois, Urbana, Illinois
61801.
“Koller, H.R. Dept. of Agronomy, Purdue University,
Lafayette, Indiana 47907.
“Krober, O.A. ARS, U.S. Regional Soybean Lab.,
Urbana, Illinois 61801.
“Laible, C.A. Funk Seeds Int. Inc., Bloomington, Illinois
61701.
“Laing, W. University of Illinois, Urbana, Illinois 61801.
“Lambert, J.W. University of Minnesota, St. Paul, MN
55108.
“Lancaster, L. University of Missouri, Portageville, MO
63873.
“Laviolette, F.A. Purdue University, Dept. of Botany &
Plant Path., W. Lafayette, Indiana 47907.
“Leffel, R.C. ARS-USDA, Plant Nutrition Lab. PPhI,
Beltsville, Maryland 20705.
“Legg, J.O. USDA-ARS, Plant Nutrition Lab. PPhi,
Beltsville, Maryland 20705.
“Leggett, E. University of Kentucky, Lexington, KY
40506.
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“Lewis, C.F. ARS, Beltsville, Maryland 20705.
“Lewis, S.A. Clemson University, Clemson, South
Carolina 29631.
“Lindahl, D.A. U.S. Regional Soybean Lab., Urbana,
Illinois 61801.
“Lipscomb, C. Northrup King & Co., Atmore, Alabama
36502.
“Littlejohns, D.A. Ridgetown College of Agr. Tech.,
Ridgetown, Ontario, Canada.
“Lockwood, J.L. Michigan State University, East
Lansing, MI 48823.
“Luckman, W.H. Illinois Natural History Survey,
University of Illinois, Urbana, Illinois 61801.
“Luedders, V.D. USDA, University of Missouri,
Columbia, MO 65201.
“Maddox, J. Mississippi State University, Starkville, MS
39762.
“Mader, E.L. Kansas State University, Manhattan, KS
66502.
“Major, D. University of Missouri, Columbia, MO
65201.
“Marchant, W.H. Georgia Coastal Plain Experiment
Station, Tifton, GA 31794.
“Marchetti, M.A. Plant Disease Research Lab., USDA,
Frederick, Maryland 21701.
“Marley, S.J. Iowa State University, Ames, IA 50010.
“Marlow, J.L. Rudy Patrick Co., Box 404, Princeton,
Illinois 61356.
“Matson, A.L. Soybean Research Foundation, Mason
City, Illinois 62664.
“Maxwell, J.D. Clemson University, Clemson, SC
29631.
“Mies, D. FS Service, Inc., Piper City, Illinois 60959.
“Milbrath, G.M. Dept. of Plant Path., University of
Illinois, Urbana, Illinois 61801.
“Miller, P. Crop Science Dept., North Carolina State
University, Raleigh, NC 27607.
“Moraghan, B.J. Delta & Pine Land Co., Scott, MS
38772.
“Munson, R.D. Potash Inst., 2147 Doswell Ave., St.
Paul, MN 55108.
“Musen, H.L. Clemson University, Edisto Experiment
Station, Blackville, SC 29817.
“Myhre, D. USDA, Mississippi State University,
Mississippi State, MS 39762.
“McCrate, A. University of Missouri, Delta Research
Center, Portageville, MO 63873.
“McDaniel, M.C. Coop. Ext. Service, P.O. Box 391,
Little Rock Arkansas 72205.
“McKibben, G.E. University of Illinois, Dixon Springs
Ag. Center, Simpson, Illinois 62985.
“McKinney, L. USDA, P.O. Box 5677, Athens, GA
30604.
“McWhorter, C.G. ARS-USDA, Stoneville, MS 38776.

“McWilliams, J.W. USDA, Bio-Environmental Ins.
Control Res. Lab., Greenville, MS 38701.
“Nave, W.R. USDA, U.S. Regional Soybean Lab.,
Urbana, Illinois 61801.
“Nester, R. Cooperative Extension Service, University
of Arkansas, Little Rock, AR 72204.
“Newsom, L.D. L.S.U., Baton Rouge, Louisiana 70803.
“Nickell, C.D. Agronomy Dept., Kansas State
University, Manhattan, KS 66502.
“Nissly, C. University of Illinois, Urbana, Illinois 61801.
“Ogren, W.L. U.S. Regional Soybean Lab., Urbana,
Illinois 61801.
“Ohlrogge, A.J. Purdue University, West Lafayette,
Indiana 49706.
“Oliver, D. University of Arkansas, Fayetteville, AR
72701.
“Orellana, R.G. USDA, Beltsville, Maryland 20705.
“Owen, D. High Plains Research Foundation, Plainview,
TX 79072.
“Palmer, J. Clemson University, Clemson, SC 29631.
“Palmer, R.G. USDA, Ames, IA 50010.
“Parker, M.B. Coastal Plain Experiment Station, Tifton,
GA 31794.
“Paschal, E.H. Purdue University, W. Lafayette, Indiana
47906.
“Pauli, A.W. Deere & Co., Moline, Illinois 61265.
“Phillips, D.V. University of Georgia, Georgia
Experiment Station, Experiment, GA 30212.
“Pitre, H.N. Mississippi State Univ., P.O. Drawer EM,
Mississippi State, MS 39762.
“Pluenneke, R.H. Mississippi State University,
Mississippi State, MS 39762.
“Polson, D.E. University of Minnesota, St. Paul, MN
55110.
“Pongsroypech, C. University of Missouri, Columbia,
MO 65201.
“Porter, O.A. University of Arkansas, Pine Bluff, AR
71601.
“Probst, A.H. Purdue University, W. Lafayette, Indiana
47906.
“Quebedeaux, B.E. I. duPont de Nemours & Co.,
Experimental Station, Wilmington, DE 19898.
“Raney, H. University of Kentucky, Princeton, KY
42445.
“Regan, J.B. Dow Chemical Co., Geneseo, Illinois
61254.
“Riggs, R.D. University of Arkansas, Dept. of Plant
Pathology, Fayetteville, AR 72701.
“Rinne, R.W. U.S. Regional Soybean Lab., Urbana,
Illinois 61801.
“Robinson, C.W. First American Farms, Freeport, FL
32439.
“Rodda, E. University of Illinois, Agr. Eng. Dept.,
Urbana, Illinois 61801.
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“Roth, J.A. University of Missouri, Delta Center,
Portageville, MO 63873.
“Rouwenhorst, D. Rudy Patrick Co., Princeton, Illinois
61356.
“Royer, E.G. Chr. of Research Committee, American
Soybean Assoc., Irwin, Ohio 43029.
“Royster, C.M. University of Missouri, Delta Center,
Portageville, MO 63873.
“Rudolph, R. University of Arkansas, Agronomy Dept.,
Fayetteville, AR 72701.
“Russell, R.B. USDA, Athens, GA 30601.
“Ryan, R.F. Peterson Seed Co., Ames, IA 50010.
“Ryder, G.J. Ohio State University, Columbus, OH
43210.
“Schillinger, J. Univ. of Maryland, Agronomy Dept.,
College Park, Maryland 20740.
“Schmitthenner, A.F. OARDC, Wooster, Ohio 44691.
“Schneider, R. University of Illinois, Urbana, Illinois
61801.
“Scott, J.R. Kalo Lab’s Inc., Quincy, Illinois 62301.
“Scott, J. University of Missouri, Dept. of Agronomy,
Portageville, MO 63873.
“Scott, W.O. University of Illinois, Urbana, Illinois
61801.
“Seatz, L.F. University of Tennessee, Knoxville, TN
37901.
“Shibles, R. Iowa State University, Ames, IA 50010.
“Shipp, E. Chemagro, 1420 Union Ave. #317, Memphis,
TN 38104.
“Sij, J.W. Texas A&M Univ., Agr. Research & Ext.
Center, Rt. 5, Box 366, Beaumount, TX 77706.
“Sinclair, J.B. Univ. of Illinois, 107C Hort. Field Lab.,
Urbana, Illinois 61801.
“Singh, B. Fort Valley State College, Fort Valley, GA
31030.
“Sloger, C. USDA-ARS-ARC (W), Beltsville, Maryland
20705.
“Smith, N.A. Botany & Plant Path., Michigan State
Univ., E. Lansing, MI 48823.
“Smith, R. Agric. Res. Center, University of Florida, Jay,
FL 32565.
“* Smith, S. Agri-Laboratories, Columbus, Ohio 43210.
“Smith, T.J. Virginia Polytechnic Inst. & State Univ.,
Blacksburg, VA 24060.
“Stanton, J.J., Jr. Coker’s Pedigreed Seed Co.,
Hartsville, SC 29550.
“Stivers, R.K. Agronomy Dept., Purdue University, W.
Lafayette, Indiana 47907.
“Stoller, E. USDA-ARS, U.S. Regional Soybean Lab,
Univ. of Illinois, Urbana, Illinois 61801.
“Streeter, J.G. Ohio Agr. Rec. & Development Center,
Wooster, OH 44691.
“Stutte, C.A. University of Arkansas, Fayetteville, AR
72701.

“Swearingin, M.L. Purdue University, Agronomy Dept.,
W. Lafayette, Indiana 47907.
“Tanner, J.W. University of Guelph, Guelph, Ontario,
Canada.
“Taylor, G.R. FFR Cooperative 4112 E. State Rd., W.
Lafayette, Indiana 47906.
“Tester, C. USDA, North Carolina State University,
Raleigh, NC 27607.
“* Thomas, C.A. USDA, Beltsville, Maryland 20705.
“Thompson, W.R., Jr. Potash Institute of NA, 810
Howard Rd., Starkville, MS 37959.
“Thorne, J.C. Northrup King & Co., Washington, IA
52353.
“Thurlow, D.L. Auburn Univ., Dept. of Agronomy &
Soils, Auburn, AL 36830.
“Thorne, J.H. University of Wisconsin, Madison, WI
53706.
“Vidaver, A. University of Nebraska, Plant Pathology
Dept., Lincoln, NB 68503.
“Vineyard, M.L. Moews Seed Co., Granville, Illinois
61326.
“Voldeng, H. Canada Dept. of Agric., Ottawa Research
Station, Ottawa, Ontario, Canada.
“Voris, M. Voris Seeds, Inc., Windfall, Indiana 46076.
“Voss, R. Iowa State University, Ames, IA 50010.
“Walters, H.J. University of Arkansas, Fayetteville, AR
72701.
“Wax, L. USDA, U.S. Regional Soybean Lab, Urbana,
Illinois 61801.
“Weathers, R.E. Delta & Pine Land Co., Scott, MS
38772.
“Weber, C.R. Petersen Seed Co., P.O. Box 151, Ames,
IA 50010.
“Weber, D.F. ARS-USDA, Beltsville, Maryland 20705.
“Whigham, D.K. University of Illinois, Urbana, Illinois
61801” (Continued).
1956. RSLM (U.S. Regional Soybean Laboratory
Mimeograph, Urbana, Illinois). 1973. Report of the second
national soybean research conference: Memphis, Tennessee,
March 5-8, 1973 (Continued–Document part III). No. 775.
March 5. xvii + 51 p.
• Summary: (Continued): “Wilcox, J.R. USDA, W.
Lafayette, IN 47906.
“Williams, C. Louisiana State Univ., Agronomy. Dept.,
Baton Rouge, LA 70803.
“Williams, J.H. University of Nebraska, Lincoln, NE
68503.
“Williams J.E. USDA, Cotton Div., Memphis, TN
[Tennessee] 31828.
“Wisk, E. University of Delaware, Georgetown, DE
19947.
“* Wyllie, T.D. University of Missouri, Columbia, MO
65201.
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“* Registered but unable to attend.
“Plant Breeding and Genetics Division
“J.R. Wilcox, USDA, Purdue University [West
Lafayette, Indiana], Division Chairman
“Germplasm Sources of Southern Varieties–Kuell
Hinson. Six varieties (Dare, Davis, Lee, Pickett, Bragg, and
Hampton) were grown most extensively in southern states in
1972. The following twelve old varieties and introductions
are included in their pedigrees more than 30 times: CNS,
S-100, Arksoy, Tokyo, PI 54610, Dunfield, Roanoke, Peking,
Haberlandt, Palmetto, Mammoth Yellow, and Laredo. New
varieties now coming into production and many older
varieties going out of production also derive substantial
portions of their germplasm from these same twelve sources.
The four sources of cytoplasm for southern varieties came
from Dunfield, S-100, Tokyo, and Roanoke.
“Because of their proven performance, the six varieties
listed above (or other genotypes closely related to them)
are likely to provide the ‘hard core’ germplasm for further
variety improvement in the South. As weaknesses in this
basic germplasm become apparent, approximately 750
germplasm entries are available as potential sources of genes
to correct these weaknesses. The role of the germplasm
entries in recent years has been to supply specific traits
such as resistance to Phytophthora rot, resistance to cyst
nematodes, etc., rather than to supply germplasm for
broadening the genetic base of improved varieties. The role
of germplasm entries is not expected to change appreciably
in the future. The present genetic base, although narrow,
appears to be very well adapted to present and future
production locations and techniques.
“Germplasm Sources in Northern Soybean Varieties–
C.R. Weber. The northern U.S. soybean belt and Canada
have about 70% of the soybean acreage in North America. At
present there are 20 soybean varieties that occupy over 90%
of the northern acreage. All of the 20 varieties are of hybrid
origin and most of them are from the second and third cycle
of recombination since introduction. The parentage of these
20 traces to only 10 ancestral varieties. These 10 ancestral
varieties are: Mandarin, Richland, Manchu, Illini, Mukden,
Dunfield, No 171 (Capital), CNS, Ogden, and Patoka. Eight
of these ancestral varieties originated as introductions from
Manchuria (N.E. China) between 40 and 50 degrees N. Lat.
and represent Uniform Groups I through III. CNS and Ogden
came from farther south in China and Japan, respectively.
“Mandarin, Richland, Manchu, Illini, Mukden,
and Dunfield form by far the major basis of our present
northern soybean germplasm. Mandarin cytoplasm is
represented in 12 of the 20 leading soybean varieties. Illini
and Mukden cytoplasm is represented in almost all of the
remaining varieties. From the foregoing, we have a narrow
germplasm base represented in our commercial varieties.
When hybrid populations were made with the basic 6
ancestral Manchurian varieties, they provided better genetic

populations from which to select even though many other
crosses were made of diverse parental origin.
“Crosses of adapted X adapted strains will on the
average produce more good lines than will crosses of adapted
X unadapted or unadapted X unadapted strains. However,
there is still need to introduce periodically new germplasm,
not only for specific genes, but also genes for adaptiveness.”
1957. Burris, J.S.; Edje, O.T.; Wahab, A.H. 1973. Effects of
seed size on seedling performance in soybeans: II. Seedling
growth and photosynthesis and field performance. Crop
Science 13(2):207-10. March/April. doi:10.2135/cropsci1973
.0011183X001300020017x [13 ref]
• Summary: “The three largest seed sizes showed greater
overall emergence percentage, leaf area, and height in the
field. Further, the three largest sizes yielded significantly
more than did the small size when grown at uniform
populations. Although the yields were significantly different,
neither the percentage size distribution of the harvested
seeds nor the seed quality was affected by the size of the
seeds used to plant that plot.” Address: Associate professor,
graduate asst., and graduate asst., respectively. Dep. of
Botany and Plant Pathology, Iowa State Univ., Ames, Iowa
50010.
1958. Egli, D.B.; Leggett, J.E. 1973. Dry matter
accumulation patterns in determinate and indeterminate
soybeans. Crop Science 13(2):220-22. March/April. [10 ref]
• Summary: “The cultivar ‘Kent’ was used as an example
of an indeterminate soybean cultivar well adapted to the
central Kentucky area. An experimental strain, D66-5566,
was selected as an example of a determinate type growth
habit. This strain has approximately the same maturity as
Kent and has a similar yield potential. The experiment was
conducted for 2 years, 1970 and 1971.” The results differed
each year. Address: Asst. Prof. and Prof. of Agronomy, Univ.
of Kentucky, Lexington, KY. 40506.
1959. Hesketh, J.D.; Myhre, D.L.; Willey, C.R. 1973.
Temperature control of time intervals between vegetative and
reproductive events in soybeans. Crop Science 13(2):250-54.
March/April. [9 ref]
• Summary: “Abstract: An attempt was made to develop
general relationships quantitatively describing the effect
of temperature on growth and development of a soybean
[Glycine max (L.) Merrill] shoot. The time required for
emergence and expansion of cotyledons and the appearance
of the first pair of unifoliolates and of subsequent successive
trifoliolate leaves on the main shoot was measured in
controlled environments in a phytotron.” A predictive model
was developed to explain how the plant grows and develops
fruit. The phytotron was located in the Southeastern Plant
Environmental Laboratories. An indeterminate (Wayne)
and a determinate (Dare) soybean variety was used in the
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phytotron studies.
In experiment II: “A 32/29 temperature regime was
maintained with a 16-hr/12-hr thermoperiod, giving a
weighted mean temperature of 31ºC.”
Note: This is the earliest document seen (July 2021)
that contains the word “thermoperiod” in connection with
soybeans. Address: Research Soil Scientist, USDA, Raleigh,
North Carolina (formerly at State College, Mississippi), and
Research Soil Scientists, State College, Miss. and Raleigh,
N.C., respectively.
1960. Moore, Thomas S., Jr. 1973. An extracellular
macromolecular complex from the surface of soybean
suspension cultures. Plant Physiology 51(3):529-36. March.
[26 ref]
• Summary: “A cell-free, insoluble cell wall fraction is
described which floats on the surface of suspension cultures
of Glycine max L. Merrill var. Acme cells. Its accumulation
is governed by both the shaking speed and the medium
volume, a shaking speed of 110 to 120 revolutions per
minute with a medium volume of about 100 to 120 milliliters
in a 250-milliliter flask being optimal. Various factors which
could control the accumulation of the complex were tested
and are discussed, and scanning electron micrographs of the
complex being released from the cell surface are presented”
(p. 531). Address: Kenneth V. Thimann Labs, Univ. of
California, Santa Cruz, California 95060.
1961. Wang, L.C.; Selke, E. 1973. Soybean polyamines:
separation and characterization of cadaverine. Plant
Physiology 51(3):432-35. March. [9 ref]
• Summary: “Cadaverine in soybeans was separated by
ion exchange chromatography from other polyamines
previously identified. Identification of cadaverine was based
on ion exchange separation, thin layer chromatography,
paper electrophoresis, mass and nuclear magnetic resonance
spectral analyses. Since the molecules of putrescine and
cadaverine are so similar, separation and identification of the
two components are difficult. Their RF values on thin layer
chromatography are close, although cadaverine produces a
bluish purple color...” Address: Northern Regional Research
Laboratory, ARS, USDA, Peoria, Illinois 61604.
1962. Reichlova, E. 1973. [The determination of sugars and
free amino acids in soybean plants under different conditions
of phosphorus nutrition]. Roslinna Vyroba (Plant Production)
19(4):435-440. April. [13 ref. Cze; eng; rus]
• Summary: “The response of inoculated plants to an
increased dose of phosphorus in the nutrient medium was
examined during the study of the effect of phosphorus on the
symbiosis of nodule bacteria with the soybean. In two trials,
conducted after each other, the inoculated plants responded
to a doubled dose of phosphorus by increased production
of nodules yet–on the other hand–the transport of amino

acids from roots to the overground parts was reduced and
the content of sugars in roots was decreased. In addition, the
percentual [sic] proportions of individual amino-compounds
in the root sap of plants also varied as a result of a twotold level of phosphorus in different vegetation periods.”
Address: Inst. of Plant Nutrition, Praha-Ruzyne (Ustav
vyzivy rostlin VURV, Prague Ruzyne), Czechoslovakia.
1963. Upmeyer, D.J.; Koller, H.R. 1973. Diurnal trends in
net photosynthetic rate and carbohydrate levels of soybean
leaves. Plant Physiology 51(5):871-74. May. [17 ref]
• Summary: “A study was made of diurnal trends in net
photosynthetic rate and carbohydrate levels of unifoliolate
leaves of soybean... under constant environmental conditions
(50,000-lux light intensity, 24.5ºC air temperature, 60%
relative humidity, and 300 microliters of CO2 per liter of
air). Net photosynthetic rate remained relatively constant
between 4 and 10 hours after the lights were turned on but
then gradually declined to 85% of this rate by the end of the
16-hour photoperiod. The decline in net photosynthetic rate
was due to increases in both stomatal diffusion resistance
and residual resistance to C02.” Address: Dep. of Agronomy,
Purdue Univ., Lafayette, Indiana 47907.
1964. Williams, Curtis; Birchfield, Wray; Hartwig, E.E.
1973. Resistance in soybeans to a new race of root-knot
nematode. Crop Science 13(3):299-301. May/June. [10 ref]
• Summary: “A new race of root-knot nematode,
Meloidogyne incognita, found in a field on the Wartelle
farm in St. Landry Parish, Louisiana, caused severe yield
reductions in soybeans... ‘Bragg’ has produced low seed
yields on this field even with soil fumigation. Greenhouse
screening trials showed that of the soybean cultivars
currently in production in Louisiana, Bragg was the most
resistant.” Address: 1. Asst. Prof. of Agronomy, Louisiana
State Univ., Baton Rouge, LA.
1965. Beard, B.H. 1973. Soybean research in California:
Summary and conclusions. California Agricultural
Experiment Station, Bulletin No. 862. p. 63-65. June. [1 ref]
• Summary: “Soybeans, originally introduced into the U.S.
from the Orient about the turn of the century [sic, in 1765]
is an extremely important crop in many areas. Even though
the cattle and poultry industries, and other consumers in
California use 600,000 to 700,000 tons of soybeans or
soybean products annually at a freight cost of approximately
$22 million, the crop has not become established in
California. A small acreage of soybean is grown for hay,
silage, forage or as a green manure, but even for these uses
the crop is of minor importance in California...
“Unfortunately yields over 2,500 pounds [41.7 bu] per
acre have been rare in California, even though many tests
have been conducted throughout the state...
“The first time the crop is sown in a field soybean
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seed should always be inoculated with the soybean type
of Rhizobium bacteria. It is usually advisable to inoculate
again if more than a year has passed since the last time
soybeans were grown or if the soil was allowed to become
completely dry between crops. Inoculation may be done in
a farm building or in a shady spot in the field by sprinkling
3/4 to 1 pint of water on 60 pounds of seed in a wash tub;
the recommended amount of inoculum is then added and
stirred by hand until all the seed is almost black with the
inoculum. The inoculated seed should be kept in a shady spot
and covered with a damp cloth. It is best to place only small
amounts of seed in the planter boxes and the inoculated seed
should be sown immediately.
“Selection of the proper variety for the location is very
important. We have divided California into four areas based
on the maturity of the varieties that should be grown... South
of the Tehachapi Mountains maturity groups V, VI and VII
should be grown; in southern San Joaquin Valley maturity
groups IV or V; in the central San Joaquin Valley maturity
groups II and III are best; and in the southern Sacramento
Valley maturity groups 0 or I have given the highest yields...
“Spider mites are always a potential threat to soybean
production throughout California. Research has indicated
that chemical control is possible but is generally too
expensive...
“Depending on soil characteristics, the crop will require
from 20 to 30 inches of water during the growing season...
“Soybeans should be combine harvested as soon as the
beans in the field average 14 per cent moisture. Do not wait
because beans will begin to shatter from the pods at less than
8 percent moisture.
“Acknowledgments: A publication of this kind, which
summarizes experiments over a period of years, does
not include as authors many people who have helped
with various phases of the research. We acknowledge
contributions made by O.P. Gautom, and Mark Campney,
Department of Agronomy and Range Science, Davis; by
Terry Braun, Michael Gaffrey, William Kester, and John
Campbell, Department of Entomology, Davis; and by Farm
Advisors W.G. Lyon and Roy Jeter (Glenn County), W.R.
Sallee and R.F. Miller (Tulare County), L.K. Stromberg
(Fresno County), O.D. McCutcheon (Kings County), M.D.
Morse (Butte County), and Roy Barnes (Kern County). We
also acknowledge help from Richard Hoover, Fred Fisher,
and Richard Munez, West Side Field Station, Five Points;
and Richard Reynoso and Mrs. Robert Wagner, Imperial
Valley Conservation Research Center, Brawley. Mr. Audie
Bell (J.G. Boswell Company, Corcoran), Dr. W.R. Powell
(Kern County Land Company, Bakersfield), and Les
Hefferline (Pacific Vegetable Oil, Woodland) helped conduct
some of the yield tests, and George Cavanagh and R.E. Pruitt
(Ranchers Cotton Oil, Fresno) made oil and protein analyses
of many yield test samples.
“Several companies furnished financial assistance to

support soybean research from 1955 through 1957. We
acknowledge this support with gratitude:
“Albers Milling Company, Los Angeles
“J.G. Boswell Company, Corcoran
“Cargill, Incorporated, San Francisco
“Kingsburg Cotton Oil Company, Kingsburg
“Pacific Vegetable Oil Corporation, San Francisco
“Poultry Producers of Central California, San Francisco
“Producers Cotton Oil, Fresno
“West Coast Oilseeds Development Committee, Arizona
and California
“Several companies have furnished chemicals for use in
soybean experiments. We herewith thank:
“The Dow Chemical Company
“Pennsylvania Salt Mfg. Co.
“General Chemical Division
“Niagara Chemical Division
“Hercules Powder Company
“Stauffer Chemical Company
“Chemagro Corporation
“California Spray Chemical Corp.
“American Cyanamid Company
“Rohm and Haas Company.” Address: Univ. of
California at Davis.
1966. Guilfoyle, T.J.; Hanson, J.B. 1973. Increased activity
of chromatin-bound ribonucleic acid polymerase from
soybean hypocotyl with spermidine and high ionic strength.
Plant Physiology 51(6):1022-25. June. [36 ref]
• Summary: “Optimal activity of chromatin-bound RNA
polymerase from soybeans is obtained with 1 mm Mn2, but only when high ionic strength or polyamines are
included in the medium. Such inclusion does not increase
the Mg2+ activation of the polymerase, but it does lower the
concentration needed for optimum activity from 10 mm to
1 mm. Mg2- activation is inhibited by added Mn2+, and the
inhibition is relieved by high ionic strength or spermidine.
The RNA polymerase with either cation is almost entirely
polymerase I at low and high ionic strength...” Address: Dep.
of Botany, Univ. of Illinois, Urbana, Illinois 61801.
1967. Shargool, P.D. 1973. Some aspects of the regulation
of arginine biosynthesis in soybean cell cultures. Plant
Physiology 52(1):68-71. July. [16 ref]
• Summary: “The levels of the activities of argininosuccinate
synthetase and argininosuccinate lyase were measured in
soybean (var. Mandarin) cell suspension cultures grown
in the presence or absence of exogenous arginine. In some
experiments, actinomycin D or cycloheximide were also
added to the cultures, at critical stages of their growth.
The results obtained led to the conclusion that activity
of argininosuccinate synthetase is subject to significant
inhibition by levels of arginine similar to those found to
occur within the cells...” Address: Dep. of Biochemistry,
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Univ. of Saskatchewan, Saskatoon, Saskatchewan, Canada.
1968. Fehr, W.R.; Burris, J.S.; Gilman, D.F. 1973. Soybean
emergence under field conditions. Agronomy Journal
65(5):740-42. Sept/Oct. [6 ref]
• Summary: “Hawkeye had significantly better emergence
from the 10-cm depth than the other five cultivars.
Percentage emergence of the five cultivars was not
significantly different. AlthougI3 differences in soil
temperatures among planting dates did not appear to have a
consistent influence on the emergence ability of the cultivars,
the emergence of the short and intermediate hypocotyl
cultivars was inferior to the long hypocotyl cultivar
Hawkeye. The superior emergence of Hawkeye compared
to Wayne suggests that differences for ability to emerge
under high soil resistance may exist among long hypocotyl
genotypes.” Address: Iowa State Univ., Ames, Iowa.
1969. Schenck, N.C.; Hinson, K. 1973. Responses of
nodulating and nonnodulating soybeans to a species of
Endogone mycorrhiza. Agronomy Journal 65(5):849-50.
Sept/Oct. [7 ref]
• Summary: Endomycorrhizal fungi are ubiquitous is
the soil, stimulate growth of several plant species, and
increase absorption of several plant nutrients. Inoculation
with Endogone significantly increased seed yield and
other traits of the nodulating soybean isoline, but not of
the nonnodulating isoline. Address: 1. Plant pathologist,
Florida Agric. Exp. Station, Gainesville, FL; 2. Agronomist,
Southern Region, Florida Area, ARS, USDA, Gainesville, FL
32601.
1970. Abdul-Baki, Aref A.; Anderson, James D. 1973. Vigor
determination in soybean seed by multiple criteria. Crop
Science 13(6):630-33. Nov/Dec. [24 ref]
• Summary: Vigor tests are considered more adequate than
standard germination tests for estimating field performance.
Vigor index (VI) was determined as follows: VI = (Shoot
length + Root length) x germination%. Address: Plant
Physiologists, Post Harvest Plant Physiology Lab., ARS,
USDA, Beltsville, Maryland 20705.
1971. Camacho, Luis H. 1973. Yield performance of soybean
cultivars in tropical environments. In: International Inst. of
Tropical Agriculture. Proceedings of the First IITA Grain
Legume Improvement Workshop. See p. 26-35. Held 29
Oct.–2 Nov. 1973 at Ibadan, Nigeria. [3 ref]
• Summary: “Soybean variety testing and breeding research
is being conducted in several regions of the tropical world.
The short-day photoperiod of the tropics affects both the
vegetative and reproductive growth of the soybean plant.
Although all varieties reach maturity, plant height and life
cycle is considerably reduced. In spite of the effect of day
length, some cultivars show excellent adaptation to tropical

environments.
“Data shown in this report includes information on
variety testing obtained by the Grain Legume Improvement
Program of IITA, and results of similar experiments
conducted by ICA in Colombia, S.A. from 1970 to 1972.”
Address: Colombian Inst. of Agriculture, Palmira, Colombia.
1972. Huxley, P.A.; Summerfield, R.J. 1973. Some effects of
climatic factors and nitrogen nutrition on flowering and plant
yield in soya and cowpea. In: International Inst. of Tropical
Agriculture. Proceedings of the First IITA Grain Legume
Improvement Workshop. See p. 115-21. Held 29 Oct.–2 Nov.
1973 at Ibadan, Nigeria. [11 ref]
• Summary: “This paper gives a general account of selected
aspects of a program commenced in 1971, to study the
physiology of some tropical grain legumes. The research
is sponsored by the Overseas Development Administration
of the British Foreign and Commonwealth Office and
it is run co-operatively with IITA [International Inst. of
Tropical Agriculture]. The investigations commenced with
experiments on soybean but, for the last 2 years, work has
concentrated on the cowpea.” Address: Reading Univ.,
Reading, Berkshire, England.
1973. International Institute of Tropical Agriculture
(IITA). 1973. Proceedings of the First IITA Grain Legume
Improvement Workshop. Ibadan, Nigeria: IITA. 325 p. Held
29 Oct.–2 Nov. 1973 at Ibadan.
• Summary: There are sections on: Legume improvement
by breeding. Legume breeding and testing. Legume
physiology and management. Legume nodulation and
rotation. Improvement of legume quality. Pathology of grain
legumes. Entomology and nematology. Reports of working
groups. List of participants. Includes 5 papers specifically on
soybeans. Address: Ibadan, Nigeria.
1974. Leng, Earl R. 1973. Breeding soybeans for high
productivity under conditions of developing areas. In:
International Inst. of Tropical Agriculture. Proceedings of
the First IITA Grain Legume Improvement Workshop. iii +
325 p. See p. 42-52. Held 29 Oct.–2 Nov. 1973 at Ibadan,
Nigeria.
• Summary: Tables show results of variety trials in Costa
Rica (1972), Nigeria (1971), Madhya Pradesh, India (1972),
Thailand (1971), Jogjakarta, Indonesia (1971), Brazil (197071).
“While a few years ago there were grounds for believing
that the USA could supply all the soybeans needed in world
grain trade, at the present time it is very clear that this crop is
in acutely short supply on a world-wide basis, and that many
countries which previously have imported their soybean
requirements will be considering means by which they may
produce part or all of their needs.
“Development of the soybean from a forage crop into

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 631
a major grain crop in the USA was made possible by a
breeding breakthrough at the University of Illinois in the
early 1920’s. Dr. C.M. Woodworth developed types which
had an upright, non-branching growth habit, rather than
the prostrate, vining habit which previously had been most
common. As a result, it became possible to harvest the
crop with normal field machinery. Growth in acreage and
productivity was explosive.”
“In the USA there is at present a sharp distinction
between ‘northern’ and ‘southern’ types. The ‘northern’
varieties are almost all of indeterminate growth habit and are
based primarily on Manchurian and Hokkaido germ-plasm.
The Manchurian types predominate, except in varieties
adapted to extreme northern areas. While these ‘northern’
varieties are considered to be especially day-length sensitive,
recent evidence indicates that their early maturity under
warmer conditions is influenced more by high temperatures
than by actual day-length.”
“The ‘southern’ types may be traced generally to
germ-plasm imported from Taiwan or southern China. All
the modern U.S. varieties in this class are of determinate
growth habit; that is, increase in height virtually ceases once
flowering begins. Although these varieties are popularly
regarded as less sensitive to day-length, they actually tend to
be more day-length sensitive and less temperature-sensitive
than the ‘northern’ types.”
“In our experience with variety trials on a worldwide
basis, we have found that some of the ‘southern’ types from
the USA give superior performance when grown under
favorable conditions, as compared with nearly all other
germ-plasm tested.”
“Soybean breeding is generally not well developed
in countries other than the USA and Canada. Recently,
however, Brazil and India have undertaken programs on a
significant scale.” Address: Univ. of Illinois, Urbana, IL.
1975. Tiffin, Lee O.; Chaney, R.L.; Ambler, J.E. 1973.
Translocation of iron from soybean cotyledons. Plant
Physiology 52(5):393-96. Nov. [10 ref]
• Summary: “Soybean seeds... were produced by plants
treated from anthesis to seed maturity with 59Fe supplied
as ferric ethylenediaminedi (o-hydroxyphenylacetate).
Seed coats accounted for 7.4% of dry seed weight and had
Fe concentrations 5 times greater than the embryos. After
germinating 2 days, cotyledons contained 69.6% and radicles
5.0% of original seed Fe. Fractions of seed Fe unavailable
to seedlings were: 19.8% in seed coats, 1.7% in germination
paper, 0.1% in the water under germinating seeds,...”
Address: 1-2. Agricultural Environmental Quality Institute;
2. Plant Physiology Inst. All: ARS, USDA, Beltsville,
Maryland 20705.
1976. Hurst, Clyde J.; Sudia, T.W. 1973. The effect of light
on the use of the nitrogen reserves of germinating soybean

seeds. American J. of Botany 60(1):1034-40. Nov/Dec. [23
ref]
• Summary: “Most of the sugars are transported out of the
cotyledons during the first three days of germination...”
Address: Dep. of Agronomy, Univ. of Minnesota, St. Paul.
1977. Privett, O.S.; Dougherty, K.A.; Erdahl, W.L.;
Stolyhwo, A. 1973. Studies on the lipid composition of
developing soybeans. J. of the American Oil Chemists’
Society 50(12):516-20. Dec. [32 ref]
• Summary: “The percentage of saturated fatty acids
decreased rapidly in the early stages of the development of
the bean; oleic and linoleic increased rapidly as the bean
developed. Linolenic acid increased rapidly to a maximum
concentration in the early stages of the development of the
bean and then gradually decreased as the bean matured.”
Address: The Hormel Inst., Univ. of Minnesota, Austin, MN
55912.
1978. Stahl, Catherine; Vanderhoef, Larry N.; Siegel, Ned,;
Hegelson, John P. 1973. Fusarium tricinctum T-2 toxin
inhibits auxin-promoted elongation in soybean hypocotyl.
Plant Physiology 52(6):663-66. Dec. [18 ref]
• Summary: “T-2 toxin, a mycotoxin produced by Fusarium
tricinctum, inhibited elongation of excised hypocotyl
sections of Glycine max var. Hawkeye 63. Auxin-promoted
elongation was inhibited more severely than was control
elongation, and a 1 hour preincubation of 5 μm toxin
prevented the induction of a faster rate of elongation by
auxin. While the inhibition of elongation by cytokinin was
similar to that of the toxin, the mode of action of the two
compounds appeared to be different, i.e., their effects on
elongation were additive, and only...” Address: 1-3. Dep. of
Botany, Univ. of Illinois, Urbana, Illinois 61801.
1979. Travis, R.L.; Anderson, J.M.; Key, Joe L. 1973.
Influence of auxin and incubation on the relative level
of polyribosomes in excised soybean hypocotyl. Plant
Physiology 52(6):608-12. Dec. [27 ref]
• Summary: “The influence of incubation and auxin (2,4-D)
on polyribosome level in soybean hypocotyl was studied.
“A marked drop in the relative level of polyribosomes
in excised apical or meristematic tissue (0 to 5 millimeters
below the cotyledons) occurred during incubation. The
addition of auxin to the incubation medium did not affect
polyribosome level. A similar decrease in polyribosome level
occurred in excised elongating tissue (5 to 15 millimeters
below cotyledons) during incubation. Auxin, however,
caused a small but highly...” Address: Dep. of Botany, Univ.
of Georgia, Athens, Georgia 30602.
1980. Wiebe, Herman H.; Poovaiah, B.W. 1973. Influence
of moisture, heat, and light stress on hydrogen fluoride
fumigation injury to soybeans. Plant Physiology 52(6):542-
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45. Dec. [21 ref]
• Summary: “Soybean... plants were exposed to a single
fumigation with hydrogen fluoride at concentrations
sufficient to cause visible injury within 2 days. They were
subjected to soil moisture or osmotic stress prior to, during,
or after fumigation. Moisture stress before or during
fumigation reduced injury because of stomatal closure and
reduced fluoride uptake. Moisture stress after fumigation
markedly accentuated the injury resulting from a single
fumigation compared to plants kept continually under
optimum soil moisture...” Address: Dep. of Botany, Utah
State Univ., Logan, Utah 84322.
1981. Chailakhyan, M. Kh.; Arutyunyan, R. Sh.; Stepanyan,
M.D.; KArapetyan, N.A. 1973. [Effect of the growth
retardant CCC on the growth of leguminous plants and
nodule formation under different methods of application].
Doklady Akademii Nauk Armyanskoi SSR 56(3):182-87. [16
ref. Rus; arm]*
• Summary: Soil application of 0.5-2.0% of chlormequat (a
growth regulator) solutions, decreased the height and weight
of plants, and the number and weight of nodules in soybeans
and common beans (Phaseolus vulgaris). Address: Institut
Mikrobiologii Akademii Nauk Armyanskoi SSR, Erevan,
Armenian SSR.
1982. Bernard, R.L.; Weiss, M.G. 1973. Qualitative genetics
[of the soybean]. In: B.E. Caldwell, ed. 1973. Soybeans:
Improvement, Production, and Uses. Madison, Wisconsin:
American Society of Agronomy. xviii + 681 p. See p. 117154. Chap. 4. [134 ref]
• Summary: A comprehensive review of the subject.
Contents. 1. Introduction. 2. Disease reaction. 3. Rhizobium
response. 4. Growth and morphology. 5. Physiology and
composition. 6. Sterility and deleterious growth mutants. 7.
Chlorophyll. 8. Pigment. 9. Linkage. 10. Gene symbol index.
Address: USDA ARS.
1983. Caldwell, B.E. ed. 1973. Soybeans: Improvement,
production, and uses. American Society of Agronomy, 677 S.
Segoe Rd., Madison, WI 53711. xviii + 681 p. Illust. Index.
24 cm. Agronomy series: No. 16. [1500+ ref]
• Summary: Contains 20 chapters by various authors,
each cited separately. Address: National Program Staff,
Agricultural Service, USDA, Beltsville, Maryland.
1984. Cox, Christopher Barry; Healey, I.A.; Moore, P.D.
1973. Biogeography: An ecological and evolutionary
approach. New York, NY: John Wiley & Sons. viii + 184 p.
• Summary: Chapter 6 (p. 109-28) discusses “The Distant
Past,” including the geologic time scale and continental
drift. The idea of continental drift gave birth to the field
of biogeography. “Several scientists in the early years of
the 20th century had noticed the great similarity between

the outlines of the continents on either side of the Atlantic,
and had suggested that they had once been joined and later
moved apart. In 1910 the American geologist F.B. Taylor, for
example, suggested that movements of this kind might have
been responsible for the formation of the major mountain
ranges of the world.” The German scientist Alfred Wegener
(who was primarily a meteorologist and astronomer) had
made similar observations but in the autumn of 1911 he
found firm evidence in the literature of palaeontology
and geology of this connection. Wegener’s theory, first
published in 1915, demanded radical changes in the beliefs
of geologists, and was slow to catch on. Only since about
1953, when a variety of new lines of evidence emerged, have
Wegener’s ideas gradually become accepted. One of these
new lines was paleomagnetism, the study of the direction
of magnetization of rocks. Originally there was a land mass
named Pangaea. It split into two connected supercontinents,
Laurasia and Gondwanaland. About 70 million years ago
they split into continents that began to drift apart at the rate
of 5-10 cm/year. The collision of India with Asia threw up
the Himalayan Mountains. The largest land vertebrate ever
known was the herbivorous dinosaur Brachiosaurus, which
weighed close to 75 tons. It had an air hole in the top of its
head to breathe while standing in water.
Chapter 7, titled “The Shaping of Today,” discusses how
continental drift influenced the flora, fauna, and climate of
today’s world. In the 70 million years between the Lower
Cretaceous (about 120 million years ago) and the Eocene
(about 50 million years ago), the world changed from a
single land-mass dominated by gymnosperms and reptiles
to a pattern of separating continents dominated by flowering
plants and mammals. Because the rise of the flowering
plants took place in the early Cretaceous, before that of
the mammals in the Paleocene, the effects of continental
drift upon the distributions of these two groups were rather
different.
“Continental drift facilitated the development of
separate, distinctive faunas and floras, not merely because
of the physical separation of the new continents by ocean
barriers, but in other ways also. The climates of land areas
newly bordered by seas became milder and less variable.”
Concerning the rise of flowering plants: Perhaps
the most basic fact about the distribution of flowering
plants, or angiosperms, is that almost everywhere in the
world, four families are among the six most numerous–the
Compositae, Graminae (grains), Leguminosae (legumes)
and Cyperaceae. “Similarly, dicotyledonous angiosperms
are almost everywhere more abundant and diverse than the
monocotyledonous types.” The Australian Floral Region is
unique and distinct from those around it. “The Australian
flora appears as an intrusive element in an otherwise uniform
southern Pacific flora.” A host of facts “clearly suggest that
angiosperms spread through the world at a time when the
continents had not yet split apart, so that a flora of fairly
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uniform composition (at family level) spread everywhere.”
It is clearly possible that angiosperms spread throughout the
supercontinent of Gondwanaland before its breakup during
the Cretaceous (65 to 136 million years ago).
Mammals supplanted reptiles during this process.
“Though the earliest mammals appeared in the Triassic
[190 to 225 million years ago], long before the earliest
angiosperms, it was not until the late Cretaceous [about 65
million years ago] that they became more varied, while their
differentiation into the many orders seen today took place
only after the extinction of the dinosaurs at the very end of
the Cretaceous [about 65 million years ago].” Marsupials
may have been the earliest mammals, before placentals.
Australia still has a rich diversity of marsupials.
Note: All of this relates to the mystery of how wild
soybeans and wild perennial Glycine species (relatives of
the soybean) arrived in Australia and are now found there in
such abundance and diversity. Address: School of Biological
Sciences, King’s College, London.
1985. Hartwig, Edgar E. 1973. Varietal development
(in soybeans). In: B.E. Caldwell, ed. 1973. Soybeans:
Improvement, Production, and Uses. Madison, Wisconsin:
American Society of Agronomy. xviii + 681 p. See p. 187210. Chap. 6. [68 ref]
• Summary: Contents. 1. Introduction. 2. Maturity
classification. 3. Photoperiod response: Latitude, light
quality. 4. Early history. 5. Growth habit. 6. Germplasm
collection: Range of maturity, seed size (seed weight),
percent protein and oil, oil quality, protein quality, seed
holding (pod dehiscence and shattering), seeds per pod,
pubescent type (pubescence density and erectness, glabrous),
response to minerals, source of genes for pest resistance
(disease resistance).
7. Varietal development: Introduction and history, the
northern states (Lincoln, Harosoy, Clark, Hark, Amsoy,
Corsoy, Wayne), the southern states (Ogden, Roanoke,
Jackson, Palmetto, Lee), mid-Atlantic states. 8. Genetic
background for major U.S. varieties. 9. Breeding for special
qualities: Phytophthora rot, brown stem rot, cyst nematodes,
resistance to feeding by insects, differences in oil and protein
content, vegetable types, height of lower pods, adaptation to
short-day regions [i.e. southern latitudes]. 10. Comments.
“Varietal development” has been of great importance
in establishing the soybean as a major crop in the USA.
Understanding photoperiodism in relation to varietal
development has also “been of extreme importance. For
no other major crop is photoperiodism as important in
determining area of adaptation” (p. 187).
Maturity classification: In the early 1900s, soybeans
were often classified on a scale from early to late, and the
number of days to maturity was given. But various studies,
starting with Haberlandt (1877), including Mooers (1908),
and especially those by Garner and Allard (1920-1930)

on the significance of day length on flowering behavior
(photoperiodism), indicated that “days to maturity was not
an adequate means of describing these types. Also, it was
not adequate to describe them as early or late”–unless the
latitude and date of planting was given, since the average
days maturity for any given variety depends strongly on
both of these variables. As a method of describing this
responsiveness to day length, ten maturity groups were
developed. For example, groups OO, O, and I are adapted
to the longer days in the northern areas of adaptability in the
USA and Canada. Varieties classed in Group VIII are adapted
to the southernmost portions of the continental United States.
Early history: Discusses–Perry expedition to Japan
(1854), Ball (1907–recognized 23 varieties), Piper & Morse
(1910–described 47 soybean types and listed 280 types that
had been grown in the Washington, DC, area). By 1922 more
than 800 introductions had been made by the USDA and
tested in various parts of the United States (Piper & Morse
1923). Some 43 introductions, which were found to be suited
for production in the USA, were given names. Suitability
for forage production was emphasized. During the 20-year
period from 1907 to 1927, more than 2,000 lots of seed
received from China, Japan, Korea, Siberia, and India were
introduced by the USDA for testing (Morse 1927). Dorsett
(1927) collected nearly 1,500 seed lots from northeastern
China (39-53º north latitude) during a 2½-year period prior
to 1927.
Because of the growing interest in soybeans in the
United States, the USDA organized the Dorsett-Morse
expedition to the northeast prefectures of China, Korea, and
Japan during the years 1929 to 1931. This was the only plant
exploration program for which the primary objective was
soybean collection. A total of 4,578 seed lots were collected.
Of these, 3,379 (74%) were from Korea, 622 (14%) were
from China, and 577 (13%) were from Japan. Many of
the soybeans from Japan were “large-seeded, vegetable
types. Several of these were named in anticipation of their
acceptance by the U.S. public, but few were ever grown
extensively. One of these, PI 80481 named Rokusun, has a
100-seed weight of 55 gm, the largest seed size known in
soybeans.”
Germplasm collection: “Prior to 1949, no organized
effort was made to maintain soybean introductions. Many
were discarded after their initial observation if an immediate
use was not recognized. Since that time an effort has been
made to catalog the characteristics of each introduction and
maintain viable seed.”
Seed size: The 100-seed weight for soybean varieties
currently produced in the USA ranges from 12-18 gm.
Varieties classified as vegetable types will usually have a
100-seed weight greater than 20 gm. The seeds of Glycine
max, the cultivated soybean, range in weight from 4 to 55 gm
per 100 seeds. The wild annual soybean, Glycine ussuriensis,
has very small seeds (1.2 to 1.8 gm/100 seeds).
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Concerning vegetable types: “No clear-cut distinction
exists to define a vegetable-type soybean. In general, seed
size is in excess of 20 gm per 100 seeds and the beans
have a milder flavor. Several vegetable-type varieties with
somewhat improved agronomic qualities have been released
in recent years. Disoy is of Group I; Magna and Prize are
of Group II; and Kim, Kanrich, and Verde are of Group III
in maturity. Verde produces seed having green cotyledons
on maturity, which is assumed to be an advantage when
immature seeds are used for canning or freezing.”
Tables: (1) Effect of latitude and day length on maturity
date of the soybean variety Lincoln planted about May 20.
The table shows location, latitude, date it is mature. (2)
Approximate length of effective photoperiod at various
latitudes for an assumed adapted variety that would be
planted May 20 and would mature Sept. 20 at each latitude.
(3) Soybean varieties recognized in the U.S. in 1907 and
classified as to seed color. There were 6 black, 4 brown, 2
mottled, 2 green, 3 yellowish green, and 6 yellow.
(4) Soybean varieties registered by the Crop Science
Society of America since 1942 according to maturity groups
and approximate distribution of U.S. acreage by maturity
groups. For example, maturity group 00, consisting of Acme,
Portage, Flambeau, Altona, and Norman, accounts for only
0.1% of U.S. acreage. Maturity group II counts for 29.0%,
III counts for 17.0%, IV counts of 12.0%, etc. (5) Parentage
of the ten soybean varieties most widely grown in the U.S. in
1971. For example, Wayne, No. 1, of maturity group III, had
as its parentage L49-4091 x Clark.
Note: This chapter was later cited as an early study
that classified soybean varieties into different maturity
groups based on their photoperiod requirements. Address:
Agricultural Research Service–USDA, Stoneville,
Mississippi.
1986. Hill, James Edward. 1973. The accumulation of
the major protein components of soybean during seed
development and maturation. PhD thesis, The University of
California–Davis. 106 p. Page 3087 in volume 34/07-B of
Dissertation Abstracts International. *
Address: The Univ. of California–Davis.
1987. Holmberg, Sven A. 1973. Soybeans for cool temperate
climates. Agri Hortique Genetica (Sweden) 31(1/2):1-20. [21
ref. Eng; swe]
• Summary: An extremely interesting, influential, and
original article. Contents: Introduction. Climate and
temperature requirements of soya. Breeding soybeans in
Sweden. Experiences from 30 years of soybean trials at
Fiskeby. Summary.
It begins: “Summer temperature and moisture are
the main climatic factors regulating the distribution of
the soybean as a crop. The limiting or inhibiting factor is
moisture in the eastern and southern parts of Europe and

temperature in the northwestern parts (Riede 1938). Within
the framework outlined by temperature and water, latitude
and photoperiodism guide the choice of varieties (Enken
1959).”
“Local soybean varieties developed and grown along the
east coast of Hokkaido and adjacent islands of the Okhotsk
Sea have proved of immense value for the breeding of
soybeans for cool, temperate climates.”
Enken (1959) defined minimum temperatures for
different stages in the growth cycle of the soybean plant
and showed that the flowering stage is the most sensitive to
temperature, requiring a minimum of 17-18ºC for normal
flowering. Most of Western Europe has a summer maximum
temperature below or just about equal to V. Enken’s
“biological minimum” temperature needed for the formation
of reproductive organs and flowering.
For soybean breeders looking for basic material
[germplasm] for adaptation to the cool climate of north
western Europe, two different agro-climatic regions are of
special interest: (1) Near Kushiro, Abashiri, or Nemuro on
the northeastern coast of Hokkaido, Japan, and adjacent
islands of the Sea of Okhotsk. (2) The northern zone of
the Amurskaja region [Amurskaya Oblast] of East Siberia,
Russia. In this old and recently developed soybean growing
district (just north of the Amur River and of northern
Manchuria), cold hardiness is the object of both natural and
artificial selection. This zone is about 1,200 miles northeast
of northeastern Hokkaido.
“Summary: Cold tolerant soybean varieties are the result
of a long period of natural selection and persistent effort
of growers settled in the cool and foggy regions of the east
coast of Hokkaido and adjacent islands of the Okhotsk Sea.
These dwarf or semi-dwarf local varieties collected and
investigated by Japanese research workers are of increasing
importance to soybean breeding for cold tolerance in
Hokkaido and elsewhere. The same varieties rank high in
protein content and seed quality, but scarcely in seed yield.
Their tolerance to cold weather has been the key which
has opened to modern plant breeding large parts of north
western Europe, including Sweden, to closer geneecological
adaptation and further development of the soybean as a food
crop. The variety Fiskeby V, in practical use as a garden
variety, may be said to prove this. The existence in the
Soviet Union of varieties with more moderate demands on
germination temperature and high yielding varieties in the
north of the United States are indicators of possibilities that
further combination work will lead to further progress in
producing varieties capable of competing with the cereals as
modern agricultural crops.”
Note: The earliest reference to Fiskeby V that we have
seen in the literature appears in 1971 in the Annual Report–
Plant Breeding Institute. University of Cambridge. “Fiskeby
V” is mentioned on pages 99, 111, and 114 of this report.
Page 99 states: “Soya Beans: The very low temperatures
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in September and October emphasized the need for early
varieties and Fiskeby V significantly outyielded all other
varieties in a comparative trial of 25 varieties. The level of
yield attained by Fiskeby V...”
Tables: (1) Temperature requirements of the soybean
(after Enken and Koloskov). The four columns are: Stage
of development, “Biological minimum,” sufficient, and
optimum. The six stages are: Germination, emergence,
formation of reproductive organs, flowering, seed formation,
and ripening. For flowering (as an example), the three
temperatures are 17-18, 19-20, 22-25ºC.
(2) Some data regarding summer climates of certain
stations situated in warm and cool temperate areas,
respectively. The four columns are: Station (in two groups),
period (years during which temperatures were measured),
latitude, warmest summer month ºC, summation of daydegrees ºC 5 months. The stations are: Warm temperature:
Columbus, Ohio, USA; Chicago, Illinois, USA; Shenyang
(Mukden) China; Sapporo (Hokkaido) Japan; Pinkiang
(Harbin) China; Chabarovsk [Kabarovsk], East Siberia,
USSR [Russian Federation]; Winnipeg, Manitoba, Canada.
Cool temperate: Abashiri, Hokkaido, Japan; Nemuro,
Hokkaido, Japan; Brussels (Uccle), Belgium; London (Kew),
England; Manchester, England; Copenhagen, Denmark;
Norrköping (Fiskeby) Sweden–1931-1960 Norrköping
(Fiskeby) Sweden–1960-71. Of all the stations listed,
Fiskeby has the highest north latitude (58º36’), the coolest
summer month (July, 16.2ºC), and the smallest summation
of day-degrees over 5 months (2120–compared with 3192 in
Columbus, Ohio).
(3) Mean temperatures, ºC, at Fiskeby / Nörkopping
(latitude 58º36’), for the years 1970-1972. Temperatures are
given each year for the months of April, May, June, July,
August, September, October. August was the warmest the
first year and July the 2nd and 3rd years.
(4) Local varieties of insular breed in yield tests at
Fiskeby 1970-1972. Control: Fiskeby V. The nine columns
are: Variety, year (1970, 1971, 1972), date of seeding, date of
bloom, date of ripeness, mean height of plants (cm), plants
per square meter, seed weight (grams/plant), yield (kg/ha).
The varieties include: Toshi-dai 7910, Karafuto 1 (from
South Sakhalin), Fiskeby V, Kamishunbetsu, Chishima (from
the Kuril Islands).
(5) Market varieties of continental breed in yield
test at Fiskeby 1970-1972. Control: Fiskeby V. The nine
columns are the same as those in Table 4. The varieties are:
Amurskaja 310, Smena, Severnaja 4, Fiskeby V, Altona.
The highest yield (2,905 kg/ha) was from Amurskaja 310 in
1972, planted on 25 April. The 2nd highest yield was from
Smena in 1972, planted on 25 April. The 3rd highest was
from Fiskeby V in 1972, planted on 25 April.
(6) Soybean varieties from three different agro-climatic
regions–tested for germination in sand at a temperature of
9ºC in the day-time and 7ºC during the night. Almost all of

each group would germinate at 20ºC. The table shows the
per cent visible sprouts above sand surface after 14 to 21
days. The varieties in group 2 (Amurskaja 310, Severnaja 4,
Smena) had the highest germination rates (range: 79-83%
visible after 21 days).
(7) Soybean varieties from three different agro-climatic
regions–tested for germination in sand at a temperature of
8ºC in the day-time and 6ºC during the night. Again, the
varieties in group 2 (Amurskaja 310, Severnaja 4) had the
highest germination rates (range: 55-66% visible after 26
days). They also had the longest mean length of seedlings
after 26 days (47-48 mm).
(8) Protein and oil content of soybean varieties, grown
at Fiskeby, during the years 1970-1972. In 1971 the mean
protein content was 43.9% (range 39.1-48.4%) and the mean
oil content was 14.9% (range 13.3-17.3%). In 1972 the mean
protein content was 41.8% (range 38.3-47.0%) and the mean
oil content was 15.8% (range 13.6-17.7%).
(9) Advances in earliness and lowering of temperature
requirement, expressed in days from sowing and day-degrees
ºC, respectively, in the breeding material at Fiskeby.
(10) Results regarding the variety Fiskeby V from
Fiskeby near Norrköping during the years 1960-1972. The
fifteen columns are: Year, seed yield (kg/ha), plants per
square meter, planting date, start of flowering date, date of
ripeness, days from planting to flowering, days from planting
to ripeness, summation of daily mean temperatures ºC from
planting to flowering, summation of daily mean temperatures
ºC from planting to ripeness, mean temperatures ºC from
planting to flowering, mean temperatures ºC from 1st flower
and 30 days ahead, mean temperatures ºC from planting
to ripeness, total rainfall from June to August (mm), total
sunshine hours from July to August. The highest seed yield
was in 1972 (2,290 kg/ha); the 2nd highest was in 1970
(2,030 kg/ha).
(11) The variety Fiskeby V at Fiskeby during the periods
1960-1972 and 1968-1972.
Figures (graphs unless otherwise stated): (1) Yield in
relation to average July temperature for the years 1970-1972
for the varieties Fiskeby V, Chishima, Amurskaja 310, and
Altona [developed at the University of Manitoba, Canada].
As the July temperature increases, so does the final seed
yield.
(2) Yield in relation to general temperature requirements
(Sum of day-degrees). For the varieties Fiskeby V, Chishima,
and Amurskaja 310. As the sum of day-degrees increases, so
does the final seed yield–dramatically.
(3) Soybean varieties from 3 different agroclimatic
zones tested for germination in sand at a day temperature of
9ºC and a night temperature of 7ºC (See table 6). The variety
with the highest germination after 21 days is 1091-3-1-6-1
from zone 3.
(4) Soybean varieties from 3 different agroclimatic
zones tested for germination in sand at a day temperature of
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8ºC and a night temperature of 6ºC (See table 7).
(5) Chart showing the origin / pedigree of Fiskeby V
and some other interesting lines from the breeding material–
including 1110-5-5-5 and 990-13-2-5-3-1-1 and 1091-3-1-61.
(6) Photo (7.5 by 11 cm, black and white) showing fields
of “A nice, evenly ripening crop of Fiskeby V in September
1971, with the buildings of the Fiskeby-Breeding Station
near Norrköping in the background.
(7) Rayed diagram of recent crosses made including
1091-3-1-6-1 (which is at center of diagram).
(8) Photo of three dry soybean plants with a ruler
measuring 0 to 70 cm at the right. Cross 1174, 1091 x
Fiskeby V. From left to right: F-2 plant from cross 1174,
Fiskeby V, another F-2 plant from cross 1174.
1988. Mederski, H.J.; Jeffers, D.L.; Peters, D.B. 1973.
Water and water relations [for soybeans]. In: B.E. Caldwell,
ed. 1973. Soybeans: Improvement, Production, and Uses.
Madison, Wisconsin: American Society of Agronomy. xviii +
681 p. See p. 239-66. Chap. 8. [93 ref]
• Summary: Contents. 1. Introduction. 2. Plant environment
and plant water stress. 3. Effect of soil and plant water
stress on growth and yield. 4. Internal water balance and
physiological processes. Address: 1-2. Ohio Agricultural
R&D Center, Wooster, Ohio; 3. Agricultural Research
Service–USDA, Urbana, Illinois.
1989. Mosse, B. 1973. Advances in the study of vesiculararbuscular mycorrhiza. Annual Review of Phytopathology
11:171-95. [154* ref]
• Summary: A good review of the literature. Soy is
mentioned on p. 172-73, 175-76, 179, 181, 195. Address:
Dep. of Soil Microbiology, Rothamsted Experimental
Station, Harpenden, Herts., AL5 2JQ, England.
1990. Ogren, William L.; Rinne, R.W. 1973. Photosynthesis
and seed metabolism [in soybeans]. In: B.E. Caldwell,
ed. 1973. Soybeans: Improvement, Production, and Uses.
Madison, Wisconsin: American Society of Agronomy. xviii +
681 p. See p. 391-416. Chap. 11. [158 ref]
• Summary: Contents. 1. Introduction. 2. Photosynthesis. 3.
Seed metabolism 4. Conclusions. Address: ARS USDA.
1991. Pendleton, J.W.; Hartwig, E.E. 1973. Management
[of soybeans]. In: B.E. Caldwell, ed. 1973. Soybeans:
Improvement, Production, and Uses. Madison, Wisconsin:
American Society of Agronomy. xviii + 681 p. See p. 21137. Chap. 7. [124 ref]
• Summary: Contents. 1. Introduction. 2. Planting practices.
3. Planting patterns. 4. Inoculation and seed treatment. 5.
Fertility: Nitrogen, limestone, phosphorus, and potassium
needs, micronutrients. 6. Cropping systems: Rotations,
double cropping. 7. Tillage. 8. Water management. 9.

Controlling weeds. 10. Growth regulators [especially TIBA].
11. Special plantings. 12. Topping soybeans and defoliants.
13. Harvesting. 14. Storage. 15. Record keeping. 16.
Summary.
Seed treatment: “High quality soybean seeds do not
ordinarily require fungicidal seed treatment because small
differences in stand generally do not influence seed yields.
However, seeds visibly weathered or poor in quality, as
demonstrated by poor germination and vigor in laboratory
tests, may respond favorably to chemical fungicides. Such
fungicidal seed treatments should be applied several weeks
ahead of planting... Laws prohibit feeding of or the sale of
soybean seed treated with fungicides for nonseed uses.”
Address: Univ. of Wisconsin; USDA ARS.
1992. Ryan, C.A. 1973. Proteolytic enzymes and their
inhibitors in plants. Annual Review of Plant Physiology
24:173-96. [192 ref]
• Summary: Contents: Introduction. Proteinases. Proteinase
inhibitors. Conclusions. Proteolytic activity in plants was
reported over 170 years ago (Vauquelin 1799) but was
probably recognized much earlier by inhabitants of tropical
lands. Trypsin inhibitors are said to account for 6% of the
total soybean protein (although according to Rackis and
Gumbmann, the figure may be as high as 11.3%). Address:
Dep. of Agricultural Chemistry, Washington State Univ.,
Pullman, WA.
1993. Child, J.J.; LaRue, T.A. 1974. A simple technique for
the establishment of nitrogenase in soybean callus culture.
Plant Physiology 53(1):88-90. Jan. [9 ref]
• Summary: “A nitrogen-fixing association can be readily
established in vitro between Rhizobium and cultured soybean
root cells. Plant cells are grown as a thin callus on the surface
of solid defined medium containing low levels of inorganic
nitrogen and inoculated with bacteria during the active phase
of growth. Acetylene reduction activities up to 275 nmoles
ethylene/hr per gm dry weight of cells have been recorded.
“The system is compact, uses inexpensive glassware,
and facilitates multiple replication of samples.” Address:
National Research Council of Canada, Prairie Regional
Laboratory, Saskatoon, Saskatchewan S7N 0W9, Canada.
1994. Guilfoyle, T.J.; Hanson, J.B. 1974. Greater length of
ribonucleic acid synthesized by chromatin-bound polymerase
from auxin-treated soybean hypocotyls. Plant Physiology
53(1):110-13. Jan. [23 ref]
• Summary: “An investigation has been made of the RNA
synthesized by chromatin-bound RNA polymerase from
soybean hypocotyls (var. Wayne). Polymerase activity is
4-to 5-fold higher with chromatin from tissue treated with 2,
4-dichlorophenoxyacetic acid, a synthetic auxin, compared
to untreated tissue. Thin layer chromatography of the RNA
hydrolysis products and acrylamide gel electrophoresis of
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the RNA synthesized by the chromatin show that increased
activity induced by 2, 4-dichlorophenoxyacetic acid is due...”
Address: Dep. of Botany, Univ. of Illinois, Urbana, Illinois
61801.
1995. Phillips, Donald A. 1974. Factors affecting the
reduction of acetylene by Rhizobium-soybean cell
associations in vitro. Plant Physiology 53(1):67-72. Jan. [13
ref]
• Summary: Because endogenous ethylene production has
been reported in cultured soybean tissue (LaRue, et al,
1971, Plant Physiol 48:394-398), this study was undertaken
to determine whether reports of ethylene produced by an
association between Rhizobium and soybean cells in vitro
had actually resulted from acetylene reduction or from
other metabolic pathways. Acetylene dependent production
of ethylene was observed. Address: Dep. of Life Sciences,
Indiana State Univ., Terre Haute, IN 47809.
1996. USDA Plant Inventory. 1974. Plant material introduced
January 1 to December 31, 1971 (Nos. 355921 to 368260).
No. 179. 408 p. Jan.
• Summary: Soybean introductions: Glycine max (L.)
Merrill. Leguminosae.
358757-358780. From United States. Seed presented
by Ted Hymowitz, Department of Agronomy, University
of Illinois. Received Feb. 22, 1971. Seventeen soybean
varieties came from Nepal: One from maturity group (MG)
VI, five from MG VII, and 11 from MG VIII. Seven soybean
varieties came from Sikkim (a state in India since 1975):
Two from MG VII and five from MG VIII. The varieties
from Sikkim have an “I.C.” number before each one as
follows: I.C. 9452, 9475, 9444, 9454, 9459, 9462, 9469.
Note: Talk with Ted Hymowitz. 1997. Nov. 11. Ted
got these soybeans in India from a close friend, Prof. H.B.
Singh, at the IARI Germplasm Collection in New Delhi; he
has never been to Sikkim. The two types of numbers relate
the Indian germplasm collection. “I.C.” refers to the Indian
internal collection (i.e. varieties collected inside India) and
“E.C.” refers to the Indian external collection. The varieties
from Sikkim had “I.C.” numbers since Sikkim had been a
protectorate of India since 1950. If a variety were obtained
from the USA, it would be given an “E.C.” number. For
more information on specific numbered Indian varieties,
contact the Division of Plant Introduction, National Bureau
of Plant Genetic Resources, New Delhi.
Ted wanted these varieties from Nepal and Sikkim
because they grew at a northerly latitude and high altitudes.
He was able to get them because, starting in the early 1960s
when he began collecting guar gum seed as a Fulbright
Scholar in India, he would always collect enough of each
type of seed at each location to make two packets. At the end
of a collecting trip, he would make two large piles, each with
similar packets, and offer his host to take which ever of the

two piles he liked–free of charge. This created tremendous
good will. Ted has followed this practice whenever he has
collected germplasm abroad. Address: Washington, DC.
1997. Moore, T.S.; Beevers, H. 1974. Isolation and
characterization of organelles from soybean suspension
cultures. Plant Physiology 53(2):261-65. Feb. [17 ref]
• Summary: “Whole homogenates from cells of Glycine
max grown in suspension culture were centrifuged on linear
sucrose gradients. Assays for marker enzymes showed
that distinct peaks enriched in particular organelles were
separated as follows: endoplasmic reticulum (density 1.10
g/cm3, NADH-cytochrome-c reductase), Golgi membranes
(density 1.12 g/cm3, inosine diphosphatase), mitochondria
(density 1.18-1.19 g/cm3, fumarase, cytochrome oxidase)
and microbodies (density 1.21 to 1.23 g/cm3, catalase). In
cells which had ceased...” Address: Thimann Laboratories,
Univ. of California, Santa Cruz, California 95060.
1998. Brim, Charles A. 1974. Soybean varietal development.
Tennessee Valley Authority, Bulletin Y-69. p. 39-42. March.
Soybean: Production, Marketing, and Use.
• Summary: Contents: Introduction. New varieties for South.
Genetic diversity suffers. Yield and quality goals. Variety
groupings: All purpose varieties, specific varieties, multiple
varieties, heterogeneous varieties. Use of mixtures. Hybrids
still a question. Way to fight diseases.
Soybean varieties from maturity groups 00, 0, and I “are
adapted to the long days of the northern latitudes... Varieties
grown in the North flower relatively early and continue to
increase in height and dry matter accumulation for several
weeks after flowering. These varieties are indeterminate.”
Determinate types are found more in the South. Most of the
soybean introduced initially to the southern states were used
for forage. Arksoy was the first variety planted in the south
which had satisfactory seed holding for combine harvesting.
The release of Ogden in 1942 in Tennessee, and Roanoke
in 1946 in North Carolina played a major role in placing
soybean production in the South on a reasonably sound
foundation. The introduction of Lee and Jackson varieties in
the early 1950s further strengthened this foundation.
Concerning hybrids: “One of the questions confronting
plant breeders working with self-pollinated species is
whether effort should be exerted toward developing
methods of producing hybrids for commercial production.
The utilization of hybrid vigor in soybeans is unattractive
at present because of the difficulty of obtaining cross seed
on an economical scale. The discovery of male sterility
in soybeans set off speculation that hybrid soybeans were
just over the horizon.” Address: Research Leader, Soybean
Production Research, USDA-ARS–North Carolina State
Univ.
1999. Delouche, James C. 1974. Maintaining soybean seed

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 638
quality. Tennessee Valley Authority, Bulletin Y-69. p. 46-62.
March. Soybean: Production, Marketing, and Use. [91 ref]
• Summary: Contents: Introduction. Seed business
growing. Attributes of quality: Genetic purity, physical
purity, germination, and vigor (“The two most chronic seed
quality problems in soybeans relate to germinability and
vigor”). Factors in germination, vigor: Seed development
and morphology, field environment, harvesting, handling,
bulk storage, aeration, and drying, processing, storage,
miscellaneous. Maintaining varietal purity. Evaluation of
seed quality: Germination, deterioration, and vigor. Quality
and crop performance: Stand failures and inadequate stands,
growth, development and productivity, seed size effects.
Summary.
Documents many instances of poor seed quality in
soybean seed and strongly contents that adverse weather
conditions during that postmaturation, preharvest period
cause moderate to severe seed quality problems.
“Development of the soybean seed begins with
fertilization (sexual). The two cotyledons and growing
points are fully differentiated within 2 weeks. Dry weight
of the developing seed increases slowly until about 20
(late blooms) to 30 days (early blooms) after flowering...,
while moisture content (w.b.) slowly decreases from about
90% to 80% (figure 1, Lee variety). Beginning about 25 to
35 days after flowering, dry matter begins to accumulate
rapidly in the seed, reaching a maximum at 65 to 75 days.
Thereafter, dry weight tends to remain constant or decrease
slightly (sometimes substantially when the seed are severely
weathered prior to harvest). During the period of rapid dry
matter accumulation seed moisture content decreases rather
slowly to 40%-50% at the time maximum dry weight is
attained. Under good field drying conditions seed moisture
content further decreases to 15%-18% in about 1 week.
“Soybean seed are physiologically mature at the time
maximum dry weight is reached (40%-50% moisture
content). At this stage, germinability and vigor are highest
even though the seed first become capable of germination
when about one-third of the dry weight has been
accumulated” (p. 47).
An illustration (Fig. 2) shows: Seed and seedling
structure in soybeans: A. Seed. B. Seedling. C. Embryo; a.
seed coat. b. hilum. c. hypocotyl. d. plumule. e. cotyledon.
f. primary root. Address: Seed Technology Lab., Mississippi
State Univ.
2000. Gill, William R. 1974. Tillage and soybean root
growth. Tennessee Valley Authority, Bulletin Y-69. p. 66-72.
March. Soybean: Production, Marketing, and Use. [9 ref]
• Summary: Contents: Introduction. Tillage systems: Factors
to consider in no-till, some soils compact more easily, weed
control always important. Fertilization. Root growth: Tillage
can help root penetration. Soil compaction: Dry soils affected
less, get compaction in bands. Removal of root barriers:

Break up with chisel, different from subsoiling. Traffic
control. Conclusions. Address: Director, National Tillage
Machinery Lab., Auburn, Alabama.
2001. Parks, W.L.; Livingstone, S.; Overton, J. 1974.
Effects of water and light on soybean yield. Tennessee
Valley Authority, Bulletin Y-69. p. 33-38. March. Soybean:
Production, Marketing, and Use. [26 ref]
• Summary: Contents: Introduction. Moisture relationships
in soybean production. Energy relationships in and around
the soybean canopy. Address: 1. Prof.; 2. Graduate Research
Asst.; 3. Assoc. Prof. All: Dep. of Plant and Soil Science,
Univ. of Tennessee.
2002. Rouhani, I.; Bassiri, A.; Poostchi, I. 1974. Effect of
soaking time on imbibition, weight loss and respiration rates
of soybean, corn and barley seeds. Iranian J. of Agricultural
Research 2(2):69-77. March. [13 ref]
• Summary: “Abstract:... After 4 hours of soaking the
amount of water imbibed by soybean, corn and barley
seeds were 105, 32 and 23 percent of their original weights,
respectively. The percent dry weight loss of seeds was
dependent on at least three main factors; the soaking time,
the respiration rate and the species.
“Manometric measurements of gas exchange showed
that the oxygen consumption of seeds reached a maximum
of 180, 69 and 56 μlO2/hr/g fresh weight after six hours of
soaking for soybean, barley and corn, respectively. When
seeds were germinated and their respiration rates measured at
different stages, it was found the maximum oxygen uptake of
1250, 770 and 465 μlO2/hr/g fresh weight for barley, soybean
and corn, respectively, occurred when radicles had attained a
length of 6 to 10 mm and the primary stem was completely
green in color.” Address: Depts. of Horticulture and
Agronomy, College of Agriculture, Pahlavi Univ., Shiraz,
Iran.
2003. Stutte, C.A. 1974. Potential of growth regulators in
soybean production. Tennessee Valley Authority, Bulletin
Y-69. p. 72-80. March. Soybean: Production, Marketing, and
Use. [14 ref]
• Summary: Contents: Introduction. Growth regulator
evaluation. Rate of chemical application. Time of chemical
application. Temperature effects. Correlation of yield factors.
Effective plant population and chemical response. Growth
regulator–adjuvant interaction. Water-stress and growth
regulator effects on leaf sugar composition and yields. A
three-year evaluation for yield enhancement. Chemicals
evaluated at University of Arkansas Agricultural Experiment
Station. Future for growth regulators. Address: Dep. of
Agronomy, Univ. of Arkansas.
2004. Bromfield, K.R. 1974. Soybean rust and soybean rust
research. Soybean Genetics Newsletter 1:45-52. April 1.
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• Summary: “During May 1973 I visited scientists in
Australia, Indonesia, Thailand and Taiwan to discuss the
current status of soybean rust and soybean rust research.
Each of my hosts expressed a desire to be informed of what
I learned elsewhere on my trip. The following informal
summary is an attempt to comply with these requests.”
Summarizes the distribution of soybean rust and studies
conducted by researchers in each of the countries visited, and
the USA. Stresses the epidemiology of the disease.
“Taiwan: In 1961, the entire USDA soybean germplasm
collection was planted in Taiwan and screened for rust
resistance. This was a cooperative effort involving various
scientists in Taiwan, E.E. Hartwig (Research Agronomist,
USDA, ARS, Soybean Production Research, Delta Branch
Experiment Station, Stoneville, Mississippi 38776), and R.L.
Bernard (Research Geneticist, USDA, ARS, U.S. Regional
Soybean Laboratory, 160 Davenport Hall, Urbana, Illinois
61801). The only accessions found to possess marked
resistance were PI 200.490 (maturity group VII) and PI
200.492 (maturity group VII). These two accessions had
been obtained from Shikoku Islands, Japan, in 1952. As
mentioned above, PI 200.492 has been utilized in Taiwan to
produce Tainung 3, Tainung 4, and Kaohsiung 3. Bernard
and Hartwig made crosses between some U.S. commercial
varieties and PI 200.492. The progenies of these crosses have
been carried through several generations but to date have
not been screened for rust reaction.” Address: USDA, ARS,
Northeast Region, Plant Disease Research Lab., Frederick,
Maryland 21701.
2005. Keen, N.T.; Kennedy, B.W. 1974. Hydroxyphaseollin
and related isoflavonoids in the hypersensitive resistant
response of soybeans against Pseudomonas glycinea.
Physiological Plant Pathology 4(2):173-85. April. [44 ref]
• Summary: Many plants, when attacked by fungal
pathogens, produce antibiotic chemicals called
“phytoalexins” in the plant parts that are attacked.
The hypersensitive reaction (HR) of soybean leaves to
inoculation with incompatible races of Pseudomonas
glycinea (bacteria) resulted in rapid production of the
isoflavonoid compounds hydroxyphaseollin, coumestrol,
daidzein, and sojagol. The same compounds were produced
in response to inoculation with the non-pathogen P.
lachrymans. Address: Dep. of Plant Pathology, Univ. of
California, Riverside 92502; 2. Dep. of Plant Pathology,
Univ. of Minnesota, St. Paul 55101.
2006. Camacho, Luis H. 1974. Breeding soybeans for
tropical conditions. INTSOY Series No. 2. p. 55-64.
Contribution from the Colombian Institute of Agriculture
(ICA) (College of Agric., Univ. of Illinois at UrbanaChampaign). [5 ref. Eng; spa]
• Summary: “The development of high yielding soybean
varieties for tropical areas requires special consideration

due to the response of the plant to short-day photoperiods.
In addition, other characteristics such as disease resistance,
seed-holding capacity and the ability to emerge from hightemperature soils are essential features to be considered in
improved soybean varieties for tropical environments.
“Plant breeders in the United States classify soybean
varieties according to the latitude of adaptation and are
designated as 00, 0, I, II, III, IV, V, Vi, VII, VIII and IX.
The lower groups are earlier maturing and are grown under
northern latitudes. The higher groups are later in maturity
and are adapted to southern regions.
“The environmental conditions of the low land tropics,
characterized by high temperatures and short days, promote
fast reproduction and early maturation, thereby enabling the
early varieties to reach maturity in less than 80 days and late
ones in about 100 days.
“Data presented in this paper came from experiments
conducted in Palmira, Colombia, at a latitude of 3ºN, average
temperature of 24ºC, altitude of 1000 meters, and average
annual rainfall of 1000 millimeters.
“Vegetative and Reproductive Growth under Tropical
Environments: Several plant growth characteristics were
affected by the short-day photoperiod of the tropics. The
most striking effects were on time to flowering, maturity and
plant height.
“Table 1 presents data on 10 U.S. varieties belonging
to different maturity groups compared to a variety adapted
to commercial planting in Colombia. As expected, varieties
of lower maturity groups were earlier than those of late
maturity groups. There appeared to be a correlation between
days to flowering and days to maturity, indicating that as
varieties delay the period from emergence to flower, more
time is required to reach maturity. Reproductive period in
this paper is taken as the time elapsed between flowering and
maturity. This trait does not seem to be positively associated
with flowering in all varieties. A comparison of two traits in
Adelphia and Hardee varieties indicated that the period of
dry matter accumulation in the seed (bloom to maturity) may
be the same in early and late varieties. Plant height was not
related to earliness as early varieties like Harosoy 63 or Hark
were as tall or taller than the later varieties Hardee or Davis.
Also, varieties of similar maturity like Hardee and Improved
Pelican may be quite different in plant height...” Address:
Grain Legume Breeder, ICA, Palmira, Colombia.
2007. Hill, J.E.; Breidenbach, R.W. 1974. Proteins of
soybean seeds: I. Isolation and characterization of the major
components. Plant Physiology 53(5):742-46. May. [23 ref]
• Summary: “Soybean... storage proteins were characterized
by sedimentation and by polyacrylamide gel electrophoresis
under dissociating (8 M urea) and nondissociating
conditions. Three sedimenting classes of proteins were
found, with sedimentation coefficients of 2.2S, 7.5S, and
11.8S. The coefficients were related to the bands obtained by
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electrophoretic separation. The results support the idea that
relatively few proteins make up the bulk of the seed protein.”
Address: Dep. of Agronomy and Range Science, Univ. of
California, Davis, California 95616.
2008. Hill, J.E.; Breidenbach, R.W. 1974. Proteins of
soybean seeds: II. Accumulation of the major protein
components during seed development and maturation. Plant
Physiology 53(5):747-51. May. [25 ref]
• Summary: “Fresh weight and dry weight as well as
quantitative and qualitative protein changes in the developing
soybean... seed were described from 12 days after flowering
until maturity. The seed proteins were separated on sucrose
density gradients into three major fractions, having average
sedimentation coefficients of 2.2S, 7.5S, and 11.8S. The
2.2S sedimenting proteins predominated at very early stages
of development (12 days after flowering) and decreased
proportionately throughout maturation. The 7.5S and 11.8S
components appeared to be synthesized later in maturity and
in larger amounts than the 2.2S proteins...” Address: Dep. of
Agronomy and Range Science, Univ. of California, Davis,
California 95616.
2009. Hinson, Kuell. 1974. Tropical production of soybeans.
INTSOY Series No. 2. p. 38-54. Proceedings of the Workshop
on Soybeans for Tropical and Subtropical Conditions
(College of Agric., Univ. of Illinois at Urbana-Champaign).
[Eng; spa]
• Summary: Contents: Abstract (Spanish). Introduction.
Photoperiod response. Varieties and population density. Soils
and fertilizers. Inoculation. Mycorrhizal fungi. Diseases and
insects. Summary.
“The rapid increase in world demand for soybeans
and soybean products indicates a need for developing new
production areas. Many tropical areas need the protein
and oil that soybeans can provide. Economic situations
favor local production where this is feasible. My limited
experience with soybeans in the tropics suggests that
soybean production can be profitable in many tropical areas.”
“We normally plant soybeans 20 to 50 days before day
lengths are longest. Seed development takes place when
days are shortening. In northern U.S., we use this part of the
photoperiod cycle because temperature changes force us into
it. In southern U.S., we use it because we get higher yields
by doing so.
“A similar relationship between photoperiod and plant
development cycles probably is best for tropical locations.
My concept of the combination of plant and environmental
traits that would be near optimum for low elevation, tropical
locations is as follows:”
“1. A determinate variety planted 20 to 50 days before
maximum day length... 4. About 120 days from planting to
maturity. 5. About 15 nodes; 30 to 36 inches stem length.”
“We recognize that the length of the dark period actually

controls plant responses. However, we will follow the
established pattern, which uses the reciprocal terms. Day
length and photoperiod are used interchangeable.
“At 0º latitude, effective day length is assumed to be
constant at 12 hours and 48 minutes.”
“Small seeds usually maintain better quality during the
maturation process, deteriorate less if harvesting is delayed,
and are damaged less during threshing and handling. Thus,
small seeded varieties probably would be a more attractive
food source, and they will produce better stands at lower
seeding rates, because there are more seeds per pound and
seeds germinate better.
“Soils and Fertilizers:
“Soybeans can be grown on almost any soil type that
will provide adequate but not excessive moisture. Lime is
often needed to produce a more favorable pH and to supply
calcium and magnesium.”
“Dr. Norman Schenk and I found mycorrhizal fungi
on soybean roots in all fields examined in Florida in 1969.
The species prevalent varied as soil environments varied.
Inoculating plants with one species increased seed yield
53%. Ross and Harper increased seed yields 29% by
inoculating with a species that we did not find in our Florida
survey.”
“Mycorrhizal fungi that colonize soybean roots
apparently are widespread in the U.S.”
Graphs show: (1) Photoperiod cycles at 0, 10, and 20º
north latitude assuming effective day length when the sun is
less than 6º below the horizon. Shows that the effective day
length is shortest in Dec. [winter solstice] and longest in June
[summer solstice]. (2) Assumed plant development cycles
for Jupiter soybeans planted on June 1 (right) and March 1
(left) at 20º north latitude. Shows periods of floral initiation,
flowering, and maturity. Address: Research Agronomist,
USDA, ARS, Southern Region, Florida-Antilles Area,
Gainesville, Florida.
2010. Tanner, J.W.; Ahmed, Shabir. 1974. Growth analysis
of soybeans treated with TIBA. Crop Science 14(3):371-74.
May/June. [11 ref]
• Summary: TIBA, a growth regulator, increases soybean
yields. “Later-maturing cultivars responded more than earlymaturing cultivars. Total dry matter production and rate
of total dry matter production were not altered by TIBA;
however, both seed yield and rate of reproductive dry matter
production were greater on treated than on control plots. The
data support the theory that TIBA acts by slowing vegetative
growth and increasing reproductive growth...” Address: Prof.
and former Graduate Student, respectively, Crop Science
Dep., Univ. of Guelph, Guelph, Ontario, Canada.
2011. Yang, Jiu-Sherng; Brown, Gregory N. 1974.
Isoaccepting transfer ribonucleic acids during chilling stress
in soybean seedling hypocotyls. Plant Physiology 53(5):694-
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98. May. [28 ref]
• Summary: “Total aminoacylation of glycine and leucine
transfer RNAs was compared between chilled and nonchilled
hypocotyls of 7-day-old soybean seedlings. Total charging
was greater for both specific transfer RNAs from nonchilled
sources. Isoaccepting transfer RNA species for glycine
and leucine were fractionated using reverse phase column
chromatography. Leucyltransfer RNAs were fractionated into
six distinct fractions with relatively small shifts appearing
in specific fractions between chilled and nonchilled sources.
Glycyl-transfer RNAs...” Address: School of Forestry, Univ.
of Missouri, Columbia, Missouri 65201.

protein, chlorophyll, and inorganic phosphate, and ribulose
1,5-diphosphate carboxylase activity were measured in
soybean... leaves to ascertain the effect of altered assimilate
demand. To increase assimilate demand, the pods, stems,
and all but one leaf (the ‘source leaf’) of potted plants
were completely shaded for 6 or 8 days and the responses
of the illuminated source leaf were monitored. Rate of net
photosynthesis...” Address: Dep. of Agronomy, Purdue Univ.,
West Lafayette, Indiana 47907.

2012. Huang, Chi-Ying; Bazzaz, Fakhri A.; Vanderhoef,
Larry N. 1974. The inhibition of soybean metabolism by
cadmium and lead: short communication. Plant Physiology
54(1):122-24. July. [14 ref]
• Summary: “Lead (300 μm) and cadmium (18 μm)
inhibit pod fresh weight in soybeans ... by 35%. Eighteen
micromolar cadmium caused a 30% decline in nitrogenase
activity by day 52 (the day on which maximum activity
was measured) and a 71% inhibition by day 59. The heavy
metals depressed photosynthetic rates; when photosynthesis
was depressed by 60%, as measured on the day of peak
photosynthesis activity, carbohydrate did not accumulate in
the nodules. The reduction of pod fresh weight correlated
with the effect of lead and cadmium on several other aspects
of plant metabolism (shoot, root, leaf, and nodule dry weight;
nodule ammonia, protein and carbohydrate content).”
Address: Dep. of Botany, Univ. of Illinois, Urbana, Illinois
61801.

2015. Lawn, R.J.; Byth, D.E. 1974. Response of soya beans
to planting date in South-Eastern Queensland. II. Vegetative
and reproductive development. Australian J. of Agricultural
Research 25(5):723-37. Sept. [18 ref]
• Summary: Sensitivity to photoperiod is the single
most important factor affecting the adaptation of soya
bean genotypes to various latitudes and planting dates.
“Quantitative variation among soya bean genotypes in
photoperiodic response has resulted in the development of a
maturity group classification within the United States, as a
broad basis for characterizing cultivar agronomic response.
Under this system, cultivars classified as group 00 are
those which will flower rapidly in long days, and which
are therefore suitable for the higher latitudes of soya bean
adaptation (45-50 degrees). In contrast, group VIII cultivars
require relatively shorter days to flower, and are adapted to
lower latitudes (25-30 degrees).” Some varieties even exhibit
“day neutrality;” they do not respond to day length. Address:
Dep. of Agriculture, Univ. of Queensland, St. Lucia,
Qld. 4067; 1. Present address of Lawn: Div. of Tropical
Agronomy, CSIRO, Cunningham Lab., St. Lucia, Qld. 4067.

2013. Krul, William R. 1974. Nucleic acid and protein
metabolism of senescing and regenerating soybean
cotyledons. Plant Physiology 54(1):36-40. July. [40 ref]
• Summary: “An alternative to the leaf disk system for
studies of the metabolism of senescence is described. The
progress of senescence of soybean... cotyledons is arrested
when the epicotyl is removed. Epicotyl removal at 16 or
17 days reversed the decline in nucleic acid, protein, and
chlorophyll content in the cotyledon. Epicotyl removal at 18
days did not reverse the decline in the above components,
and therefore the progress of cotyledon has passed the
point of no return. Cotyledons lost 90% of their nucleic
acid and...” Address: Plant Hormone and Regulator Lab.,
Plant Science Inst., Agricultural Research Service, USDA,
Beltsville, Maryland 20705.

2016. Rizzo, Peter J.; Cherry, Joe, H.; Pedersen, Karl;
Dunham, Valgene L. 1974. Separation and partial
characterization of multiple ribonucleic acid polymerases
from soybean hypocotyl. Plant Physiology 54(3):349-55.
Sept. [15 ref]
• Summary: “Two major peaks of RNA polymerase activity
have been routinely separated by diethylaminoethyl cellulose
chromatography following solubilization from soybean (var.
Wayne) chromatin. The relative amounts of these two peaks
depend upon the manner in which the chromatin is purified.
Pelleting the chromatin through dense sucrose solutions
results in not only a loss of total solubilized RNA polymerase
activity but also a selective loss of the -amanitin-sensitive
form of the enzyme. Peak I elutes from a..." Address: Dep. of
Horticulture, Purdue Univ., West Lafayette, Indiana 47907.

2014. Thorne, John H.; Koller, H. Ronald. 1974. Influence of
assimilate demand on photosynthesis, diffusive resistances,
translocation, and carbohydrate levels of soybean leaves.
Plant Physiology 54(2):201-07. Aug. [32 ref]
• Summary: “Rates of net photosynthesis and translocation,
CO2 diffusive resistances, levels of carbohydrates, total

2017. Agrawal, P.K.; Vyas, O.P. 1974. Oil and protein
in developing pods of soybean. Indian J. of Agricultural
Sciences 44(10):652-54. Oct. [5 ref]
• Summary: During the rainy season of 1969, Clark-63
and Bragg soybean varieties were grown to study the
accumulation of oil and protein in developing pods.
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Maximum fresh and dry seed weights were recorded at 48
and 54 days after tagging in Clark-63 and Bragg respectively.
Protein accumulation was almost complete by the 3rd week
after tagging. “About 19 days after tagging, oil accumulated
rapidly, and 94% of the total seed oil was accumulated in
33 days in both varieties. Protein content decreased at later
stages of pod development.” Address: Govind Ballabh
Pant Univ. of Agriculture and Technology, Pantnagar, Uttar
Pradesh, India.

studied, and changes described. Address: Lab. of Agricultural
Biochemistry, Univ. of Nebraska, Lincoln, NE 68503.

2018. Burris, Robert H. 1974. Biological nitrogen fixation,
1924-1974. Plant Physiology 54(4):443-49. Oct. [51 ref]
• Summary: Rotation of legumes with other crops was
practiced in ancient times. It was not until the 1830’s, when
Boussingault established one of the earliest agricultural
experiment stations, that an explanation for the benefit was
offered.
“The observations of Boussingault touched off heated
controversy and Liebig suggested that the observed increases
in nitrogen in the leguminous crops arose merely because the
large leaved leguminous plants were capable of extracting
more ammonia from the atmosphere than were the smaller
leaved control plants. Because Liebig could speak with
authority in the area of organic chemistry, he apparently
felt that this carried with it the privilege of speaking in the
area of agricultural chemistry without the need to present
experimental evidence in support of his postulates.”
But it was Hellriegel and Wilfarth who first established
firm proof of biological nitrogen fixation.
This review emphasizes advances in our understanding
of the biochemistry of nitrogen fixation. Address: Dep. of
Biochemistry, College of Agricultural and Life Sciences,
Univ. of Wisconsin at Madison, Madison, WI 53706.

2022. Laing, William A.; Ogren, William L.; Hageman,
Richard H. 1974. Regulation of soybean net photosynthetic
CO2 fixation by the interaction of CO2, O2, and ribulose
1,5-diphosphate carboxylase. Plant Physiology 54(5):678-85.
Nov. [29 ref]
• Summary: “Kinetic properties of soybean net
photosynthetic CO2 fixation and of the carboxylase
and oxygenase activities of purified soybean... ribulose
1,5-diphosphate carboxylase (EC 4.1. 1.39) were examined
as functions of temperature, CO2 concentration, and
O2 concentration. With leaves, O2 inhibition of net
photosynthetic CO2 fixation increased when the ambient
leaf temperature was increased. The increased inhibition of
CO2 fixation at higher temperatures was caused by a reduced
affinity of the leaf for CO2 and...” Address: 1&3. Dep. of
Agronomy, Univ. of Illinois, Urbana, Illinois 61801.

2019. Huxley, P.A.; Summerfield, R.J.; Hughes, A.P. 1974.
The effect of photoperiod on development of soyabean
and cowpea cultivars in the U.K. in summer. Experimental
Agriculture (England) 10(4):225-40. Oct. [8 ref]
• Summary: “Various sequences of different daylength
regimes were given to five potentially tropically-adapted
soyabean and three cowpea cultivars, to establish the
duration of the photoinductive period which is necessary for
their subsequent satisfactory development for experimental
trials in the U.K. in long summer days.” Address: Univ.
of Reading, Dep. of Agriculture and Horticulture, Plant
Environment Lab., Shinfield Grange, Reading [England].
2020. Klucas, Robert V. 1974. Studies on soybean nodule
senescence. Plant Physiology 54(4):612-16. Oct. [30 ref]
• Summary: Loss of acetylene reduction was used as
an indicator of nodule senescence. Nitrogenase activity
decreased 60% between 58 and 65 days after planting
Beeson soybean variety, and 68 to 75 days after planting
Calland soybeans. Enzyme activities of the bacteroids were

2021. Phillips, Donald A. 1974. Promotion of acetylene
reduction by Rhizobium-soybean cell associations in vitro.
Plant Physiology 54(4):654-55. Oct. [8 ref]
• Summary: The addition of succinic acid or glutamine
stimulated nitrogenase activity. Address: Dep. of Life
Science, Indiana State Univ., Terre Haute, IN 47809.

2023. Shanmugasundaram, S.; Toung, T.S.; Liou, T.D.; Wu,
H.B.F. 1974. Photoperiod insensitivity in soybean. Agronomy
Abstracts 1974:78.
• Summary: “One thousand nine hundred and seventyeight accessions of soybean representing the 10 U.S.
maturity groups were screened in the field for photoperiod
insensitivity. We define a photoperiod insensitive line as
one which can flower within a range of five days difference
regardless of photoperiod. We have found 212 accessions out
of 1978 tested to be insensitive under Shanhua conditions.
From these 212 accessions, we noted that 20 of them
showed no difference in their flowering date within each
line regardless of whether it was in a 12-hour or a 16-hour
photoperiod. Photoperiod insensitive lines were detected
from the U.S. maturity groups O0, 0, I, II, III, and IV only.
Our results provide a clear concept for the soybean breeding
program in the tropics. The use of materials from U.S.
maturity groups IV through VIII alone will result only in
the development of varieties which are season as well as
location-specific. A generous use of photoperiod insensitive
germplasm from the early maturity groups in combination
with materials from late maturity groups should enable us
to breed suitable cultivars with wider adaptability for the
tropics.”
Note. This is the earliest document seen (Aug. 2018)
that contains the term “photoperiod insensitivity” or the term
“photoperiod insensitive” in connection with the soybean.
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Address: AVRDC, Shanhua, Taiwan.
2024. Wilson, Richard F.; Rinne, Robert W. 1974.
Phospholipids in the developing soybean seed. Plant
Physiology 54(5):744-47. Nov. [16 ref]
• Summary: The distribution of phospholipids in four
developing soybean seeds was followed. “From 30 to
60 days after flowering expressed as mole per cent of
phospholipid phosphorus phosphatidic acid decreased
from 14.8 to 9.1; phosphatidylinositol increased from
0 to 9.1; phosphatidylcholine increased from 8.2 to
9.8; phosphatidylethanolamine increased from 5.3 to
8.6; phosphatidylglycerol increased from 3.2 to 4.8;
diphosphatidylglycerol increased from 2.7 to 4.1; and
N-acylphosphatidylethanolamine decreased from 65.8 to
54.6. However, from 60 days after flowering to maturity,
phosphatidic acid decreased to 0; phosphatidylinositol
increased roughly 2-fold; phosphatidyleholine increased
roughly 4.7-fold; phosphatidylethanolamine increased 3-fold;
N-acylphosphatidylethanolamine decreased 11-fold; whereas
phosphatidylglycerol and diphosphatidlglyeerol remained
essentially constant.” Address: Agricultural Research
Service, USDA, Dep. of Agronomy, Univ. of Illinois at
Urbana-Champaign, Urbana, Illinois 61801.
2025. Hatfield, J.L.; Egli, D.B. 1974. Effect of temperature
on the rate of soybean–hypocotyl elongation and field
emergence. Crop Science 14:4423-26. *
2026. Huxley, P.A.; Summerfield, R.J. 1974. Effects of night
temperature and photoperiod on the reproductive ontogeny
of cultivars of cowpea and of soyabean selected for the wet
tropics. Plant Science Letters 3(1):11-17. [13 ref]*
Address: Dep. of Agriculture and Horticulture, Reading
Univ., UK.
2027. Kakushadze, L. 1974. [Contents of plastid pigments
in leaves of plants given trace elements]. Trudy Gruzinskogo
Sel’skokhozyaistvennogo Instituta 88:241-45. [Geo; rus;
eng]*
Address: Sel’khozinstitut Tbilisi, Georgian SSR.
2028. Mazunina, V.I.; Bakaeva, E.V. 1974. [The effect of
stimulating substances from strain 912 on growth and yield
in some soybean varieties]. Kazakstan Auyl Saruasylyk
Gylymynyn Habarsysy No. 3. p. 42-44. [Rus]*
• Summary: The authors studied the effect of metabolites
of actinomycete strain 912 on different soybean varieties.
Treatment of seeds with the culture fluid of strain 912
increased grain yield by 2-18%, depending on the variety.
The most sensitive varieties were Vysokostebel’naya 2
[Tall-stemmed 2], Khabarovsk 587, and Piramidal’naya
[Pyramidal]. Address: Alma-Ata, Kazakh, SSR.

2029. Asgrow Seed Company. 1974. How Asgrow is
committed to... increasing your soybean needs. Des Moines,
Iowa: The Upjohn Company. 15 p. Undated. 28 cm.
• Summary: Contents: You, Asgrow, and the soybean
industry: Introduction, seed quality, crop management, five
new soybeans for 1975, commitment. Research: Higher
yields, seed quality, the research goal. Why quality soybean
seed pays big dividends: Asgrow handling a big plus, seed
quality, Asgrow handling, new plants, seed sizing, uniform
seed size, tolerance to diseases (especially Rhizoctonia and
Fusarium) and herbicides, genetic purity, germination and
vigor (cold test, growth rate test, accelerated aging test).
New exclusive Asgrow soybeans (for 1975): A2440, A2340,
A2770, A3300, A3440. Crop management: Seven steps that
can increase your soybean yields.
Note: This may be Asgrow’s first soybean catalog.
“Encouraged by the Plant Variety Protection Act [PVP Act]
and anticipating the changing demands and decisions that
you will be making, Asgrow has made a firm commitment to
the soybean industry.
“Asgrow is committed. And, we have a headstart
because several years ago we made a commitment... to
unrelenting research, to new and expanded production
facilities, to expert personnel.
“Seed Quality: Asgrow is convinced that soybean seed
quality is an integral part of maximizing soybean production.
That’s why our new soybean plant at Oxford, Indiana, and
the new plant at Clarion, Iowa, which is to be completed in
1975 are designed with the finest, most up-to-date equipment
in the industry.”
Contains many color photos including: (1) A large sign
standing in a field of soybeans: “Asgrow seed research
plot. Welcome. New! Soybeans (front cover and p. 8). (2)
A soybean breeder with tweezers holding a soybean flower
between his thumb and forefinger: “Emasculation of the
immature soybean flower, the first step toward a new variety”
(p. 3). (3) An aerial view of the winter nursery at Delray
Beach, Florida. It enables Asgrow to grow two additional
crops each year thereby accelerating the research process
(p. 3). (4) A tall, metal spiral separator, “the final quality
checkpoint in the processing plant. The seed revolves in the
separator (see inset) with the good seed staying to the outside
and moving onto bagging, while the small or cracked seed
drops out during the process.” (4) A tractor pulling a planter
(p. 14). (5) Spraying a field of newly planted soybeans with
herbicide (p. 15). (6) A combine harvesting a field of mature
soybeans (p. 15). (7) A bag of Asgrow soybean seeds. A
photo on the back cover shows a bag of Asgrow Soybean
Seeds.
Note: This is the earliest document seen (Jan. 1998)
that uses the term “Agronomic Division” in connection with
Asgrow. Address: Subsidiary of The Upjohn Company,
Agronomic Div., P.O. Box 2010, Des Moines, Iowa.
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2030. Dobrunova, N.L. 1974. [Water status and
photosynthesis in soybean cultivars in the foothill
zone in Alma-Ata province]. In: Voprosy Povysheniya
Produktivnosti Zernovykh-kul’tur. Irkutsk, USSR:
[Sel’khozinstitut]. See p. 194-97. [Rus]*
• Summary: In irrigated soybean trials in Kazakhstan, the
most important physiological factors for high seed yields
were high contents of bound water and high water-holding
capacity of leaves during the pod-formation and seed-filling
stages, high heat resistance, maintenance of the synthesis
ability of the leaves during wilting, a small range of variation
in diurnal and seasonal photosynthetic intensity during
the seed-filling stage, and low nutrient consumption for
respiration under soil moisture stress. Information is given
on these physiological characteristics in six soybean cultivars
of different origins.
Note: Alma-Ata is the capital of the Kazakh SSR.
Irkutsk is the capital of the Irkutsk Oblast, in Russia 45 miles
from Lake Baikal.
2031. Gibbs, Ronald Darnley. 1974. Chemotaxonomy of
flowering plants. 4 vols. Montreal, Canada: McGill-Queen’s
University Press. Illust. 24 cm. *
• Summary: Vol. 1. Constituents. Vol. 2. Families. Vol. 3.
Orders. Vol. 4. Bibliography, index.
2032. Jobehdar-Honarnejad, R. 1974. Physiologische
Reaktion verschiedener Sojabohnensorten auf
Tageslaenge und Temperatur sowie die Ertragsleistung
unter verschiedenen Umweltbedingungen [Physiological
reaction of various soybean varieties to the daylength and
temperature, and the yield performance under various
environmental conditions]. Thesis, Justus Liebig Universitaet
Giessen. [Ger]*
Address: Tehran, Iran.
2033. Kowalski, David. 1974. Chemical-enzymatic
insertions and replacements of amino acid residues in
the reactive site of soybean trypsin inhibitor. PhD thesis,
Purdue University. 141 p. Page 5287 in volume 35/11-B of
Dissertation Abstracts International. *
Address: Purdue Univ., W. Lafayette, Indiana.
2034. Radley, R.W. 1974. Soya bean adaptation to the cool,
maritime climates of Northern Europe, with special reference
to the U.K. Outlook on Agriculture 8(1):3-9. [15 ref]
• Summary: “Sharp increases in soya bean prices, and
restrictions on US exports, have stimulated interest
in the possibility of growing this crop in NW Europe.
The principal limitations are temperature–especially at
night–and daylength. One variety has often yielded well,
experimentally, in Southern England, but in general yields
are at present too uncertain and the lowest pods too near the
ground. Development of better-adapted varieties would call

for substantially increased research effort.”
Table 1 shows that during the period 1961-70 the UK
imported about US$50 million worth of soybeans and
soybean products each year. Imports of whole soybeans
decreased from a peak of 294,000 tonnes in 1964 to only
38,000 tonnes in 1970–worth $6.2 million. Imports of soya
oil rose from 18,000 tonnes in 1961 to 61,000 tonnes in 1970
(worth $17.2 million) and imports of soya cake and meal
rose from 142,000 tonnes in 1961 to 248,000 tonnes in 1970
(worth $28.5 million). A shortfall in Peruvian fishmeal from
March 1972 onwards increased the demand for soybeans and
soy products.
Production of soybeans in Europe is largely confined to
Romania, Bulgaria, and Yugoslavia which together in 1972
produced no more than 188,000 tonnes on about 169,000
ha (average yield = 1.11 tonnes/ha). The location and extent
of soybean production in Japan is of real significance for
northern European countries. Japan cultivates about 90,000
ha/year of soybeans, largely on the northernmost island of
Hokkaido, which, as Sven Holmberg (1956) writes “is the
only country in the world where soya beans are grown as a
major crop in a relatively cool and partly marine climate.”
In 1973 Dr. E.S. Bunting of the Plant Breeding Institute,
Cambridge, sowed several varieties of soybeans at Oxford;
these included Fiskeby V (bred by Algot Holmberg &
Soner A B in Sweden), Altona (the earliest of the varieties
commercially available in Canada), and two Russian
varieties grown in Eastern Siberia–Saliut 216 and Amurskaja
41 (both reputed to be cold-tolerant). Fiskeby 5 gave the
best grain yields. Also on 21 May 1973 the author planted
110 varieties of soybeans (including Fiskeby V) at Silsoe,
Bedfordshire, and showed how critical the planting date is
in terms of germination. In 1974 Summerfield conducted
controlled environment studies at Reading University.
“Eleven year (1960-70) growth and yield data for
Fiskeby V grown at Norrköping, Sweden (latitude 58º
36’N), supplied to Bunting (1973, private communication)
by Holmberg, indicate that the variety requires a ‘heatsum’ of approximately 825 degree-days above 0ºC to bring
about flowering and between 1,880 and 2,000 degree-days
for completion of its growth cycle. The mean number of
days from planting to harvest in the eleven year period was
133 but, perhaps more important, the range was from 115
to 165, reflecting to some extent the seasonal variation in
temperature... (see also Holmberg 1956).”
“Fiskeby V would appear to be the only variety worthy
of serious consideration in Britain at the present time...
[but] for the crop to be a contender for a place in British
agriculture, the variety will need further improvement
through breeding.”
“The real question is whether or not there is sufficient
evidence at this stage for a higher level of research resources
to be channelled into the crop.” Address: National College of
Agricultural Engineering, Silsoe, Bedford, England.
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2035. Bernard, R.L. 1975. Soybeans in the People’s Republic
of China (Continued–Document part II). Soybean News
(NSCIC) 26(2):1, 3-4. Jan.
• Summary: (Continued): “The predominant plant type is
indeterminant with semi-determinant next and determinant
last. Predominant characteristics of varieties currently grown
in Kirin are white flowers, gray pubescence and about onethird have narrow leaves. Scientists preferred the narrow
leaves ‘to get better light penetration’ but they didn’t feel that
seed yield was necessarily higher.
“Intervarietal crossing has involved varieties from
Kirin and other provinces in China. Pollination is done on
an unusual time schedule with emasculation beginning at 5
AM and pollination from 8 to 10 AM. After 10 the pollen is
gone. A winter nursery on Hainan Island is used to grow F1
and alternate generations to accelerate the breeding program.
There was about one hectare of F2 populations being grown
at Kungchuling involving about 50 different combinations.
The F5 to F8 generations are grown in progeny rows there
(1300 in 1974) and visually selected lines are performance
tested in subsequent years.
Note: When the Japanese controlled Manchuria,
they did extensive and very professional soybean varietal
development at Kungchuling. This work is described by W.J.
Morse in his unpublished log in 1930.
“Final strain testing is done in a regional test grown at
Kungchuling and over 30 other locations in the province. The
1974 test consisted of 25 varieties including experimental
strains developed at Kungchuling and at 5 district research
institutes. The Kungchuling tests were at 2 population rates
in plots 5 rows wide spaced 60 centimeters apart and 10
meters long in 4 replications with 1 replication at a higher
fertility level. The expected yield level was 2000 to 3500
kilograms per hectare (30 to 50 bushels per acre).
“There was also a test of 11 U.S. varieties of maturity
groups I to IV being grown at Kungchuling for the first time.
Amsoy 71, Beeson, Calland, Clark63, Corsoy, Harosoy63,
Kanrich, SRF 307, Wayne, Wilkin, and Williams were the
U.S. varieties being tested. Growth was good with a height
of nearly 4 feet on the taller varieties with no lodging, partly
because of the low population of 170,000 plants per hectare.
The varieties were similar to their appearance in the U.S.
except Williams was stunted and poorly podded.
“In addition to intervarietal hybridization, a mutation
breeding program is underway using x-rays or gamma rays
to develop earlier maturity. Some progeny rows in the R5
generation appeared to be earlier than the check variety.
“Objectives of their breeding program are: (1) higher
yield, (2) high oil content, (3) resistance to pests (4)
adaptation to intercropping, and (5) strong stems. They
have developed 8 improved varieties at Kungchuling and
popularized them in the Kirin province and nearby areas. The
major pest problem in Kirin is the soybean pod borer. Fields

not treated with insecticide have 10 to 20 percent of the pods
infested. A local variety has been found to have moderate
resistance. Although soybean mosaic is not considered
important in the breeding program, Dr. Bernard observed that
a mosaic-like disease appeared to be affecting yields. Aphids
are a major insect problem but resistant varieties have not
been found.
“The only cultural research on soybeans was seen
at Kungchuling where experiments were conducted on
intercropping with corn. Preliminary results indicated 6 row
strips of soybeans alternated with corn produced more total
yield from the land.
“The soybean breeding program at the Genetics
Institute, Peking, started in 1968 with emphasis on disease
resistance. Two varieties have been developed which are
resistant to purple stain and are being grown by farmers. The
main disease problems now are 3 viruses, soybean mosaic
(the most serious), soybean stunt, bud blight, and the leaf
disease target spot. Soybean mosaic stunted plants were
almost podless and had much more severe symptoms than
plants associated with the disease in the U.S. Resistance has
been identified by observing plants in the field, checking
with inoculation tests and by use of the electron microscope.
Two varieties were found to be moderately resistant and 2
appeared to be immune.
“Having found disease resistance, their next step will
be to breed for yield and lodging resistance. Determinant
varieties having lodging resistance are being grown in
the lowland, and indeterminant varieties are grown which
do well in poor soil areas in the upland. North of Peking
soybeans of an indeterminant type with medium to small
seeds were interplanted with corn and grain sorghum but did
not appear to have good yields in competition with the taller
crops. Grown alone, the varieties appeared to be much better.
Soybean breeding at the Northwest College of Agriculture
west of Sian was initiated more than 10 years ago and is
in cooperation with the nearby Academy of Agriculture
which is the source for germplasm. Their first objective
is to develop early maturing varieties to be planted after
wheat harvest in mid-June for harvest during the first half
of October. Disease resistance is their second objective with
work concentrated on an unidentified virus which causes
stunting of the plant and wrinkling of the leaves. The only
other disease considered is bacterial leaf spot. Although pod
borer is the most important insect pest, adequate resistance
has not been found.
“A new determinant variety was developed in 1970
at the College by pedigree selection. It grows 70 to 80
centimeters tall when planted after wheat, matures early
in 105 to 110 days, is shatter resistant and virus resistant.
Farmers are growing it in central Shensi province. Local
varieties in Shensi are used for bean curd or annual fodder
for cattle and hogs. There are a number of black-seeded
indeterminant varieties grown for fodder. Sometimes the
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threshed grain is fed to cattle and hogs.
“In the remainder of China there does not appear to be
much soybean research. Because the crop is widely grown in
China and is an important source of protein, especially in the
diet of rural people, Dr. Bernard believes more research is
justified in the PRC.
“Wild soybeans: The wild soybean is a source of
germplasm that is apparently not being used in China. It
occurs in many areas and was observed to be abundant in the
Northeast. Perhaps it was eradicated from many agricultural
areas of China since it was not found in the Peking, Sian
and Canton areas. It was only found in forest parks and
wasteland around a factory and airport in the NankingShanghai area. At the Institute of Botany of the Academy of
Science at Peking the herbarium has a collection of about
100 sheets of Glycine soja from 17 provinces or regions. An
interesting report of G. hainanensis (or Teyleria koordersii)
was found by Dr. Bernard at the herbarium of the Sun Yat
Sen University in Canton. This specimen, collected in 1933
on Hainain Island was listed as an annual with seeds and
pods appearing to be close to G. soja. However, the pods
occur in rather large clusters and have up to 7 seeds per pod
which would make it an interesting variant of G. soja, if not
a distinct species. This species should be obtained for further
study and as potential germplasm for soybean breeding.”
A small portrait photo shows Dr. Richard L. Bernard.
Address: Univ. of Illinois.
2036. Buttery, B.R.; Buzzell, R.I. 1975. Soybean flavonol
glycosides: identification and biochemical genetics.
Canadian J. of Botany 53(2):219-24. Jan. [11 ref]
• Summary: “The products of controlled hydrolysis and
oxidation of the flavonol 3-O-glycosides in soybean leaves
were studied.” Address: Agriculture Canada, Research
Station, Harrow, Ontario.
2037. Egli, D.B. 1975. Rate of accumulation of dry weight in
seed of soybeans and its relationship to yield. Canadian J. of
Plant Science 55(1):215-19. Jan. [11 ref. Eng; fre]
• Summary: The mechanism of feedback control is in
agreement with the observation that variations in seed
number are more closely correlated with yield than is seed
size.
“There was no significant relationship between the
rate of accumulation and grain yield, seed weight or final
seed number. Grain yield was closely correlated with final
seed number both within each year and across both years.”
Address: Dep. of Agronomy, Univ. of Kentucky, Lexington,
Kentucky 40506.
2038. Erickson, Eric H. 1975. Effect of honey bees on yield
of three soybean cultivars. Crop Science 15(1):84-86. Jan/
Feb. [25 ref]
• Summary: “The soybean... is a self-fertile, automatically

self-pollinating plant that is not thought to benefit from
insect visitation (4, 11, 16).”
“The importance of insects in the pollination of
soybeans... was studied over a year period by comparing
the yields from plots caged with honey bees (Apis mellifera
L.), plots without bees and without insects (insecticide
treatment), and open plots. The pollinating activity of bees
resulted in significantly greater yields from ‘Corsoy’ and
‘Hark’ cultivars but not from ‘Chippewa 64.’
“The foraging activity of bees on soybeans was
dependent on the floral response of each cultivar to the
environment. Hark had a high percentage of dissolved solids
in the nectar and the highest quantity of nectar per floret.”
Address: Research entomologist, North Central States Bee
Research Lab., ARS-USDA, Madison, Wisconsin 53706.
2039. Keller, E.R. 1975. Neue Wege im Ackerbau?–Eine
Betrachtung ueber den allgemeinen und biologischen
Landbau sowie ueber Koernerleguminosen [New directions
in agriculture?–A consideration of general and organic
farming, as well as grain legumes]. Schweizerische
Landwirtschaftliche Monatshefte 53(1):1-30. Jan. [36 ref.
Ger]
• Summary: Soy is mentioned on pages 21 and 26. Address:
Swiss Federal Inst. of Technology, Dep. of Crop Science,
ETH Zentrum, CH-8092 Zurich, Switzerland (Inst. fuer
Pflanzenbau der Eidgenoessischen Technischen Hochschule,
Zuerich).
2040. Nelson, Daniel R.; Rinne, Robert W. 1975. Citrate
cleavage enzymes from developing soybean cotyledons:
incorporation of citrate carbon into fatty acids. Plant
Physiology 55(1):69-72. Jan. [13 ref]
• Summary: “Data are presented which demonstrate a
citrate cleavage enzyme in the supernatant of a developing
soybean (var. Harosoy 63) cotyledon homogenate following
a 126,000 g spin for 2 hours. Activity of the enzyme was
observed directly in the supernatant enzyme preparation
and in a desalted supernatant preparation by measuring
the formation of acetylhydroxamate. Acetylhydroxamate
production was dependent on citrate and coenzyme A.
The reaction increased with time, citrate, and coenzyme A
concentrations.” Address: ARS, USDA, Dep. of Agronomy,
Univ. of Illinois, Urbana, Illinois 61801.
2041. Vig, B.K.; McFarlene, J.C. 1975. Somatic crossing
over in Glycine max L. (Merrill): sensitivity to and saturation
of the system at low levels of tritium emitted beta-radiation.
Theoretical and Applied Genetics (TAG) 46(7):331-37. Jan.
[20 ref]
• Summary: “Seeds of varieties L65-1237 and T219 of
soybean were soaked in 20-50 ml of tritiated water (HTO)
containing between 0.01 and 50 microCi/ml of tritium (T)
for various periods from 24 to 142 hr. Genetic damage was
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determined by counting the number of Y11Y11-y11y11 spots
on the Y11y11 leaves. No effect was noticeable in treatments
lasting up to 24 hr independent of the concentration.
However, somatic crossing over occurred when the seeds
were treated with tritium for 92hr or longer even with
concentrations as low as 0.01microCi/ml.” Address: 1.
PhD, Dep. of Biology, Univ. of Nevada, Reno, Nevada
(USA); 2. National Environmental Research Center, U.S.
Environmental Protection Agency, Las Vegas, Nevada
(USA).
2042. Schmid, Ben D,; Siegel, Ned R., Vanderhoef, Larry
N. 1975. The isolation and characterization of adenosine
monophosphate-rich polynucleotides synthesized by soybean
hypocotyl cells: their relation to messenger ribonucleic acid.
Plant Physiology 55(2):277-81. Feb. [22 ref]
• Summary: “Plant ribonucleic acids which have high
adenosine monophosphate concentrations were studied.
Purified deoxyribonucleic acid-like ribonucleic acid and
tenaciously bound ribonucleic acid fractions both contained
poly-adenosine monophosphate sequences (those from the
latter being longer than those from the former); without
these poly-adenosine monophosphate sequences their base
compositions were the same. The average poly-adenosine
monophosphate sequence from purified tenaciously bound
ribonucleic acid was...” Address: Dep. of Botany, Univ. of
Illinois, Urbana, Illinois 61801.
2043. Woolley, Joseph T. 1975. Refractive index of soybean
leaf cell walls. Plant Physiology 55(2):172-74. Feb. [2 ref]
• Summary: “The refractive index of soybean... leaf cell
walls was measured by two methods. The refractive index
of fully hydrated walls in the living leaf was about 1.415,
while that of dried cell walls was about 1.53. The refractive
index of the external surface of the living leaf hair was 1.48.”
Address: ARS, USDA and Dep. of Agronomy, Univ. of
Illinois, Urbana, Illinois 61801.
2044. Major, D.J.; Johnson, D.R.; Tanner, J.W.; Anderson,
I.C. 1975. Effects of daylength and temperature on soybean
development. Crop Science 15(2):174-79. March/April. [17
ref]
• Summary: Temperature summation has proven to be an
effective way of predicting development of field crops, such
as corn (Zea mays L.), which are not greatly affected by
daylength. Development of soybeans, however, is influenced
by daylength, and cannot be adequately predicted by
temperature summation methods alone. “Cooler temperatures
and longer daylengths encountered at northern latitudes were
additive in their delaying effects on flowering. The effects
of cool spring temperatures on flowering predominated in
the early part of the season whereas daylength predominated
in plantings after June 1. Hastening effects of short days on
maturity were greater than delaying effects of cool autumn

temperatures. The most obvious difference among genotypes
was found for sensitivity to daylength in the flowering
period; later maturing cultivars were more sensitive than
early cultivars.” Address: 3. Dep. of Crop Sciences, Univ. of
Guelph, Guelph, Ontario, Canada.
2045. Major, D.J.; Johnson, D.R.; Luedders, V.D. 1975.
Evaluation of eleven thermal unit methods for predicting
soybean development. Crop Science 15(2):172-74. March/
April. [8 ref]
• Summary: “The failure of thermal-unit methods and
calendar days to predict post-flowering development
accurately showed the need for a more complete prediction
model that includes other environmental factors besides
temperature. A more complete model, including temperature
and daylength effects, was evaluated and reported in a
subsequent study (Major et al., 1975).” Address: Dep. of
Agronomy, Missouri Agric. Exp. Station, Columbia, MO
65201.
2046. Rizzo, Peter J.; Cherry, Joe H. 1975. Developmental
changes in multiple forms of deoxyribonucleic aciddependent ribonucleic acid polymerase in soybean
hypocotyl. Plant Physiology 55(3):574-77. March. [12 ref]
• Summary: “The relative levels of multiple RNA
polymerases were determined in soybean (var. Wayne)
hypocotyl during various stages of development. The
meristematic region of the hypocotyl contains more
total polymerase activity per gram fresh weight and a
greater proportion of polymerase I relative to II than the
differentiated regions. The fully elongated tissue comprising
the lower half of the hypocotyl contains mainly RNA
polymerase II. The hook region contains a polymerase
activity peak which is completely sensitive to -amanitin..."
Address: Dep. of Horticulture, Purdue Univ., West Lafayette,
Indiana 47907.
2047. Tattersfield, J.R. 1975. Soya beans in Rhodesia.
INTSOY Series No. 6. p. 227-32. D.K. Whigham, ed.
Soybean Production, Protection, and Utilization: Proceedings
of a Conference for Scientists of Africa, the Middle East, and
South Asia (College of Agric., Univ. of Illinois at UrbanaChampaign). [15 ref]
• Summary: Contents: Introduction. Research: breeding,
rhizobium inoculants, fertilizers, weed control, agronomy,
entomology, plant physiology, mechanization. Extension.
Introduction: “Soya beans have, until now, played
a minor role in the agricultural economy of Rhodesia.
Production has been confined to commercial farms. Farmers
of communal land have not produced soya beans to any
extent, preferring to grow groundnuts, field beans, and
cowpeas as edible legume seeds both for home use and for
sale.
“Soya beans can be grown successfully as a summer
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crop in rotation with irrigated winter wheat. Timing of the
two crops is very satisfactory, soya beans occupying the land
from late November to early April and wheat from early May
until late October. The same machinery can be used for both
crops and the irrigation necessary for wheat is also available
for soya beans if rainfall is inadequate, thus ensuring high
yields. As to fertility, the crops are complementary; soil
nitrogen is enhanced somewhat by soya beans for use by
wheat and, after heavily fertilized wheat, residual phosphate
and potash can sustain the soya beans.
“Soya beans also rotate well with maize and cotton.
Benefits from preceding maize and cotton with soya beans
include residual nitrogen, easy ploughing and soil moisture
conservation, good tilth, ability to plant maize and cotton
early, more flexibility with chemical weed control systems,
and better utilization of labor and machinery by spreading
peak demands. Although these are real benefits, economic
considerations of costs and prices will be the main factors
determining the popularity of soya beans compared with
the other Crops. Under present conditions, given good
management, the profitability of maize and soya beans
appear to be similar.
“Yields of soya beans have until recently been
disappointingly low, but with better varieties, better growing
methods, and favorable prices, an improvement has been
noted (Table 1). National average yields are usually below
those expected by efficient producers. Farm yields of soya
beans of 2,700 kg/ha are being achieved by a number of
proficient growers and field yields as high as 4,400 kg/ha
have been recorded. Recently, in variety trials, yields of
5,500 kg/ha were achieved. The indications are, therefore,
that with the general application of good management
practices and a satisfactory cost/price relationship, a marked
improvement in the national average yield should occur.
“Research: In the late 1950s it was considered that soya
beans could play an important role in Rhodesian agriculture.
At that time yields and prices were low but it was anticipated
that research could lead to increased yields and that the
demand for such a valuable food crop would inevitably
rise. To increase yields, a research program was initiated
involving various disciplines in the Department of Research
and Specialist Services. Some soya bean research has also
been conducted at the University of Rhodesia in the fields
of plant physiology and microbiology, and the Department
of Conservation and Extension has studied mechanization
problems. A brief account of the research to date, and some
key references of published work are given below.
“Breeding: The first soya bean breeding in Rhodesia
occurred in the 1920s and 1930s, resulting in the release
of a number of ‘Hernon’ strains (1, 9). A second and much
larger program was started in 1963 (13) which is now well
established and to which the comments below apply.” It is
based at the Salisbury Research Station. Since 1963 three
varieties have been released for commercial use: Rhosa from

South Africa, Bragg from the USA, and Orbi from Rhodesia.
Address: Principal Research Officer, Salisbury Research
Station, Salisbury, Rhodesia.
2048. Whigham, D.K. 1975. Soybean variety evaluation.
INTSOY Series No. 6. p. 18-28. D.K. Whigham, ed. Soybean
Production, Protection, and Utilization: Proceedings of a
Conference for Scientists of Africa, the Middle East, and
South Asia (College of Agric., Univ. of Illinois at UrbanaChampaign). [15 ref]
• Summary: “Summary: 1. Maturity groups must be
reassigned when varieties are moved to new environments.
2. Yield increased as seed weight, plant height, and days to
maturity increased. 3. Yield decreased as latitude increased.
4. Plant height increased as latitude increased. 5. Days
to maturity increased as altitude and latitude increase.”
Address: Dep. of Agronomy, Univ. of Illinois.
2049. Shanmugasundaram, S. 1975. The soybean
improvement program at the Asian Vegetable Research and
Development Center. Soybean Genetics Newsletter 2:5-6.
April 1.
• Summary: “In 1971, the Asian Vegetable Research
and Development Center (AVRDC) was created as an
international research organization responsible for improving
the production and nutritional quality of vegetable crops
in the humid tropics. The Center is located to the north of
Tainan City in southern Taiwan (between 23º07’07” and
23º06’36” north latitude, and between 12Oº16’45” and
120º17’28” east longitude at an elevation of nine meters
AMSL [Above Mean Sea Level]).
“In March 1973, AVRDC selected the soybean as one
of the six crops to receive initial emphasis in its research
program.
“The goal of AVRDC’s soybean improvement program
is to develop and select varieties that are especially well
adapted to the tropics and subtropics, where too few
soybeans are grown today and where yields on farmers’
fields are low.
“Currently, our soybean research is focused on: (1)
exploring the factors limiting the soybean’s yield potential
in the humid tropics; (2) studying the effects of different
photoperiods which limit the adaptability of the soybean; and
(3) breeding for multiple disease resistance.
“Our first activity was to collect germplasm from around
the world. To date we count 5133 cultivars from 42 different
countries in our world collection. We, of course, are most
interested in increasing our collection and welcome any
assistance from fellow breeders in this aspect.
“Yield trials of our elite selections have indicated
the possibility of obtaining yields of around seven tons
per hectare under our conditions at Shanhua. Further
experimentation is in progress to confirm this high yield
potential.
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“Our opinion is that the tropical soybean should have
low photoperiod sensitivity, and should not flower too
early in hot weather (some varieties when grown in the
tropics start flowering before they have developed sufficient
vegetative growth to produce a satisfactory crop). From a
field screening of 2041 accessions, we tentatively identified
505 cultivars as photoperiod insensitive. Further screening
identified 168 accessions as photoperiod insensitive in both
the spring and fall seasons.
“Accessions carrying resistance or different degrees of
tolerance to soybean rust, SMV, bacterial pustule, downy
mildew, purple seed stain, and root-knot [nematode] disease
have been identified through field screening under natural
infection. In some cases, resistance has been confirmed in the
greenhouse with artificial inoculation.
“Our hybridization program to combine resistance to the
various diseases with a high yield potential has produced a
number of highly promising selections which are presently in
the F4 and F5 generations. Nearly 10,000 single plants from
over 800 different cross combinations have been advanced in
this program.
“During 1974 we sent out 4719 cultivars, as well as
11 selections in the F3 generation, and 340 in the F4, to 33
scientists in 21 countries. We hope to expand our scientistto-scientist outreach activities considerably in the future.
We have also sought to cooperate fully with INTSOY and
the other international agricultural research centers to better
meet our common goal to produce more food for mankind.
“An annual report is published every year (1974’s will
be ready in July); you are welcome to write AVRDC’s Office
of Information Services to be included in our mailing list.
“Specific germplasm or early and advanced segregating
populations (or both) are available to fellow researchers.
You may direct your correspondence and requests to: S.
Shanmugasundaram...” Address: AVRDC, P.O. Box 42,
Shanhua, Tainan (741), Taiwan.
2050. Ching, Te May; Hedtke, S.; Russell, S.A.; Evans,
H.J. 1975. Energy state and dinitrogen fixation in soybean
nodules of dark-grown plants. Plant Physiology 55(4):79698. April. [18 ref]
• Summary: Dark treatment for 1 day reduced ATP by 70%,
sucrose by 60% and nitrogenase activity by 50% in the
nodules of 25-day-old greenhouse plants. It was concluded
that the limitation of photosynthetic activity reduces the
supply of sucrose to the nodules, leading to decreased
phosphorylation of ADP and less synthesis of nucleotides.
Pools of ATP and total adenosine were both thus decreased
in the dark. Address: Deps. of Crop Science, and Botany and
Plant Pathology, Oregon State Univ., Corvallis OR 97331.
2051. Keen, Noel T.; Taylor, O.C. 1975. Ozone injury in
soybeans: isoflavonoid accumulation is related to necrosis.
Plant Physiology 55(4):731-33. April. [12 ref]

• Summary: “Fumigation of soybean leaves with ozone
caused stippling and silvering at the same time that large
accumulations of the isoflavonoid compounds daidzein,
coumestrol, and sojagol occurred. Nitrogen dioxide
and sulfur dioxide caused lesser accumulation of the
isoflavonoids, and peroxyacetyl nitrate did not result in
significant accumulation. Visible toxicity and chemical
changes in ozone-fumigated leaves were similar to the
hypersensitive disease defense reaction of soybean leaves
to the pathogen Pseudomonas glycinea,...” Address: Dep.
of Plant Pathology and Statewide Air Pollution Research
Center, Univ. of California, Riverside, California 92502.
2052. Quebedeaux, Bruno; Chollet, Raymond. 1975. Growth
and development of soybean... pods: CO2 exchange and
enzyme studies. Plant Physiology 55(4):745-48. April. [17
ref]
• Summary: “The rates of CO2 exchange and 14CO2
incorporation in the light and dark and the activities of
several photosynthetic, photorespiratory, and respiratory
enzymes of soybean (Glycine max [L.] Merr. cv. Wye)
reproductive structures were determined at weekly
intervals from anthesis to pod maturity. At all stages of pod
development soybean reproductive structures were found to
be incapable of net photosynthesis under the experimental
conditions employed, but capable of gross photosynthesis
and light-induced 14CO2 uptake. Consistent...” Address:
E.I. du Pont de Nemours and Company, Central Research
Department, Experimental Station, Wilmington, Delaware
19898.
2053. Shargool, P.D. 1975. Degradation of argininosuccinate
lyase by a protease synthesized in soybean cell suspension
cultures. Plant Physiology 55(4):632-35. April. [10 ref]
• Summary: “Suspension cultures of soybean... were
shown to contain protease activity which could be
inhibited by the addition of protease inhibitors such as
p-hydroxymercuribenzoate and ethylenediaminetetraacetic
acid. The use of these inhibitors, coupled with studies
of the rate of degradation of argininosuccinate lyase
(argininosuccinate-lyase = L-arginino-succinate argininelyase, EC 4.3. 2.1) in extracts of cell cultures grown for 24
hours led to the hypothesis that a metal-dependent protease is
synthesized by the cells after 24 hours of growth, to remove
the lyase enzyme.” Address: Dep. Biochemistry, Univ. of
Saskatchewan, Saskatoon, Saskatchewan, Canada.
2054. Agronomie Tropicale (France). 1975. Note de synthèse
sur les connaisances acquisés par l’IRAT sur le soja dans
divers pays d’Afrique [Summary of knowledge acquired
by IRAT on the soybean in various African countries].
30(2):182-86. April/June. [Fre]
• Summary: This is one of the best publications seen on
soybeans in French-speaking Africa. IRAT stands for Institut
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de Recherches Agronomiques Tropicales (Tropical Institute
of Agronomic Research).
Contents: Introduction. Variety development. Mineral
nutrition and nitrogen fixation. Cultural practices. Diseases
and enemies. Economics of production and perspectives on
development.
Starting in 1965 and in the course of the following
years, soybeans have been introduced by various countries,
and trials were conducted with the help of IRAT, especially
in Cameroon, the Ivory Coast (1970-1972), Ethiopia,
Madagascar (1966-72), Central African Republic [RCA;
1968-69], and Senegal (1972-74).
A 4-column table gives: The variety names, the source
of the germplasm (from the USA, South Africa, Taiwan, and
China), the maturity group of each variety, and the names
of the countries in which each variety was tested. Later, the
yields in the various locations tested are also given.
Note 1. This document contains the second earliest date
seen for soybeans in Senegal, or the cultivation of soybeans
in Senegal (1972). In Senegal, the first soybean trials were
conducted at Bambey where the rainy season, which is very
short, forces one to plant soybeans like peanuts, starting with
the first significant rains. Yields of more than 2,500 kg/ha
have been obtained, as in 1973.
Note 2. Immediately following this article is a
bibliography of research conducted on soya in Africa south
of the Sahara (177 references), cited separately.
2055. Schaefer, Jacob; Stejskal. E.O.; Beard, C.F. 1975.
Carbon-13 nuclear magnetic resonance analysis of
metabolism in soybean labeled by 13CO2. Plant Physiology
55(6):1048-53. June. [13 ref]
• Summary: “Fourier transform 13C nuclear magnetic
resonance spectra have been obtained of intact, fresh soybean
ovules (Glycine max L. cv. Dare) harvested from pods
subtended by a trifoliolate exposed to 13CO2 1 to 3 days
earlier. The high resolution spectra are interpreted in terms
of the labeled sugars and lipids in the ovule. Comparison of
the spectra taken over the 3-day period permits qualitative
estimates of sugar metabolism and rates of lipid synthesis.
The spectra also contain information about the distribution
of labels within the...” Address: Corporate Research Dep.
and Monsanto Agricultural Products Company, Monsanto
Company, St. Louis, Missouri 63166.
2056. Chen, Yih-Ming; Lin, Chu-Yung; Chang, H.;
Guilfoylle, Thomas J.; Key, Joe L. 1975. Isolation and
properties of nuclei from control and auxin-treated soybean
hypocotyl. Plant Physiology 56(1):78-82. July. [42 ref]
• Summary: “A quick procedure for the isolation of nuclei
with good yield from soybean hypocotyl (Glycine max
var. Wayne) was developed. The isolated nuclei appeared
to retain their structural integrity. They were typically
ellipsoidal with minima and maxima diameter of about 6

and 8 to 10 micrometers. While the nuclei were similar in
size, the nucleoli were significantly larger in nuclei from
auxin-treated tissue. The DNA content per nucleus was 4±1
picograms for both untreated and auxin-treated tissues. The
DNA:RNA:protein ratio of isolated nuclei in...” Address:
Dep. of Botany, Univ. of Georgia, Athens, Georgia 30601.
2057. Thanh, Vu Huu; Okubo, Kazuyoshi; Shibasaki, Kazuo.
1975. Isolation and characterization of the multiple 7S
globulins of soybean proteins. Plant Physiology 56(1):19-22.
July. [19 ref]
• Summary: “Two major proteins (the 7S and 11S globulins)
of soybean were simultaneously isolated by a simple
method based on their different solubilities in dilute tris
(hydroxymethyl) aminomethane buffers. The purified
7S globulins, which represented essentially the entire 7S
soybean protein fraction capable of dimerization at 0.1
ionic strength, were fractionated into five components by
diethylaminoethyl Sephadex A-50 column chromatography.
The five 7S components were characterized by discelectrophoresis.” Address: Dep. of Food Chemistry, Faculty
of Agriculture, Tohoku Univ., Sendai, Japan.
2058. Sinclair, T.R.; Wit, C.T. de. 1975. Photosynthate and
nitrogen requirements for seed production by various crops.
Science 189(4202):565-67. Aug. 15. [6 ref]
• Summary: The nitrogen requirements of the soybean are so
great that the crop is forced to “self-destruct,” i.e. to destroy
its own productivity in order to sustain seed growth. Even
with redistribution during senescence, yield is inhibited by
inadequate nitrogen. Fig. 1 (p. 565) shows that soybeans
have the highest requirement for mg of nitrogen per gm of
photosynthate of the 24 crop species analyzed. Address:
Agricultural Univ., Wageningen, Netherlands.
2059. Engvild, K.C. 1975. Natural chlorinated auxins
labelled with radioactive chloride in immature seeds.
Physiologia Plantarum 34(4):286-87. Aug. [8 ref]
• Summary: Immature seeds were harvested from 15 crop
species (including soybeans), which were grown in perlite
/ vermiculite containing 36Cl-, but with very low levels of
cold Cl-. The purpose of this research was: (1) To investigate
a new group of auxins (incl. methyl 4-chloroindoleacetate
found in immature pea seeds), discovered by Marumo, Abe,
Hattori and Munakata in 1968; (2) To find out if chlorinated
compounds were widespread among higher plants.
Note: This is a rare record showing that soybeans were
grown in Denmark. Address: Accelerator and Agricultural
Research Deps., Danish Atomic Energy Commission (Dansk
Atomenergikommissionens Forsoegsanlaeg), Risoe, 4000
Roskilde, Denmark.
2060. Huang, Chi-Ying; Boyer, John S.; Vanderhoef,
Larry N. 1975. Acetylene reduction (nitrogen fixation) and
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metabolic activities of soybean having various leaf and
nodule water potentials. Plant Physiology 56(2):222-27.
Aug. [30 ref]
• Summary: No acetylene reduction was detected in flooded
soil or in soil desiccated to a water potential of -19.5 bars. A
sharp optimum of acetylene reduction was displayed between
these extremes. The apparatus used permitted measurement
of metabolic activities of the shoot without exposure of
the leaves to acetylene. Address: Deps. of Botany and
Agronomy, Univ. of Illinois, Urbana, IL 61801.
2061. Huang, Chi-Ying; Boyer, J.S.; Vanderhoef, L.N. 1975.
Limitation of acetylene reduction (nitrogen fixation) by
photosynthesis in soybean having low water potentials. Plant
Physiology 56(2):228-32. Aug. [28 ref]
• Summary: The apparatus used permitted simultaneous
measurements of acetylene reduction, net photosynthesis,
and transpiration. The inhibition of acetylene reduction
caused by low water potentials and their aftereffects could
be reproduced by depriving shoots of atmospheric CO2 even
though the soil remained at water potentials which should
have favored rapid acetylene reduction. The inhibitory effect
of low water potentials could be partially reversed by high
CO2 concentrations. It was concluded that the inhibition
of photosynthesis accounts for nodule acetylene reduction
inhibition at low water potentials. Address: Deps. of Botany
and Agronomy, Univ. of Illinois, Urbana, IL 61801.
2062. Shanmugasundaram, S.; Toung, T.S. 1975. Soybean
breeding at the Asian Vegetable Research and Development
Center. Agronomy Abstracts 1975:40.
• Summary: “Breeding soybeans (Glycine max (L.) Merrill)
for the tropics and the sub-tropics is one of the major
programs at the Asian Vegetable Research and Development
Center (AVRDC). Germplasm collection, screening,
evaluation, maintenance, and distribution has become an
integral part of the program. The prime problem areas of our
research include the study of yield potential, investigation
of photoperiod insensitivity, and identification of resistance
to different diseases. A pure line selection (2120) produced
yields as high as 7 tons per hectare in field yield trials. More
than 100 accessions with photoperiod insensitivity have been
identified. Several sources of resistance to soybean rust,
soybean mosaic virus, downy mildew, bacterial pustule and
other diseases have also been identified.
“Emphasis is also exercised in selecting non-shattering,
non-lodging types with good quality seeds. The direction is
toward development of duration fixed cultivars suitable for
various multiple cropping patterns. Promising F4 to F6 bulk
segregating populations and selected pedigrees having the
above parents are available for interested scientists all over
the world for evaluation and selection.” Address: AVRDC,
P.O. Box 42, Shanhua, Tainan 741, Taiwan.

2063. Fisher, Donald B. 1975. Structure of functional
soybean sieve elements. Plant Physiology 56(5):555-69.
Nov. [45 ref]
• Summary: “Soybean (Glycine max cv. Bragg) petiolar
tissue containing translocated 14C-sucrose was quick
frozen, freeze-substituted in acetone or propylene oxide
and embedded in Epon. This procedure allowed cytological
observations on sieve elements whose functional condition
could be verified by microautoradiography. Sieve elements
and companion cells were essentially free of ice damage.
Aside from a P-protein crystal, the central portion of the
sieve tube lumen was devoid of stainable content except in
the vicinity...” Address: Dep. of Botany, Univ. of Georgia,
Athens, Georgia 30602.
2064. Key, Joe L.; Silflow, Carolyn 1975. The occurrence
and distribution of poly(A) ribonucleic acid in soybean.
Plant Physiology 56(3):364-69. Sept. [44 ref]
• Summary: “The occurrence and distribution of poly(A)
sequences in the RNA of soybean (Glycine max var.
Wayne) have been studied. Only one of the two species of
AMP-rich RNA contains poly(A). D-RNA does not contain
detectable poly(A) sequences. The TB-RNA is the poly(A)
RNA in this system. At least a part (up to 50% or more) of
the mRNA in polyribosomes contains a poly(A) sequence.
The poly(A) RNA is heterodisperse in size but has a mean
size of approximately 18S (2,000 nucleotides) in urea and
formamide gels.” Address: Dep. of Botany, Univ. of Georgia,
Athens, Georgia 30602.
2065. Nichols, T.E., Jr.; Clapp, John G., Jr.; Perrin, Richard
K. 1975. An economic analysis of factors affecting oil and
protein content of soybeans. North Carolina State University,
Department of Economics and Business, Economic
Information Report No. 42. 20 p. Sept.
• Summary: The aim of this study was to isolate and
measure the effects of factors associated with variation
in the oil and protein content of soybeans grown in North
Carolina. These factors included varieties, lime and fertilizer
applications, planting dates, soil conditions, seed treatments,
herbicide application, and cultural practices. It was found
that soil characteristics, soybean varieties, planting date,
and cultural practices have an effect on the oil and protein
content of soybeans. Two tons of lime per acre were found to
increase the protein content by an average of 5%, to decrease
oil content by 3.5%, and to increase yields by 7 bushels.
Table 2 (p. 9) lists the following named soybean
varieties (with the change in oil and protein content of each):
York, Coker Hampton 266A, Coker 69-87A, Ransom, Dare,
McNair 600, Forrest, Davis, Picket 71, Coker 71-211, Lee
68, Coker 70-136, Coker 70-137, Coker 68-38, Essex, Bragg,
McNair 800, Coker 71-222, and Hutton.
Economic choices: “The question arises whether farmers
should be advised to adopt particular practices if farmers
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were, in fact, paid for the oil and protein produced, rather
than the quantity of beans. The average yield per acre of
the plots in these experiments was 43 bushels, or about
2,244 pounds of dry matter, assuming an average dry matter
content of 87 percent. At a protein price of 16¢ per pound
(corresponding to $140 per ton of 44 percent protein meal),
a 1 percent increase in protein content would be worth
an additional $3.59 per acre. For an oil price of 20¢ per
pound, a 1 percent increase in oil content would be worth an
additional $4.48 per acre. With yields lower than 43 bushels
per acre, the value of additional protein and oil content
would of course be proportionately lower.” Address: Raleigh,
NC.
2066. Luse, R.A.; Rachie, Kenneth O. eds. 1975.
Proceedings of IITA Collaborators Meeting on Grain
Legume Improvement: held at IITA on 9-13 June, 1975.
Ibadan, Nigeria: International Institute of Tropical
Agriculture. iii + 179 p. Oct. Illust. 28 cm.
• Summary: The proceedings are divided into the following
main sections, each consisting of various presentations
followed by a “Summary of Discussion”:
Contents: Plant Improvement (p. 1-40). Entomology (p.
41-60). Pathology (p. 61-96). Seed quality / Biochemistry
(p. 97-126). Physiology / Agronomy (p. 127-164).
Recommendations [in each of the above areas] (p. 165-176).
List of Participants (p. 177-79).
Soy-related papers include: “Soybean improvement
work at IITA,” by T.P. Singh (p. 19-20). “Improving grain
legumes in Liberia,” by L. Kromah (p. 29-30). “Soybeans
in the northern states of Nigeria,” by H.A. Van Rheenen (p.
158-59).
The two presentations with the word “Soybean(s)” in the
title are cited separately. Address: IITA.
2067. Singh, T.P. 1975. Soybean improvement work at IITA.
In: R.A. Luse & K.O. Rachie, eds. 1975. Proceedings of IITA
Collaborators Meeting on Grain Legume Improvement: held
at IITA on 9-13 June, 1975. Ibadan, Nigeria: IITA. iii + 179
p. See p. 19-20.
• Summary: “The soybean offers a promising solution
to the challenge of feeding the world population, a high
proportion of which live in the tropics and suffer from
hunger and malnutrition. Soybean improvement work at
IITA has been able to identify certain cultivars which have
good yield potential and are well adapted to humid tropical
environments. The cultivar Bossier has yielded up to 3000
kg/ha in several trials in West Africa. Moreover, some newer
selections tested at Ibadan have yielded up to 3600 kg/ha.
Unfortunately, the popularity of soybeans in the African
tropics is low because of certain constraints. Some of the
major problems associated with the production of soybean in
tropical environments are:
“1. Low seed viability and germination potential

“2. Susceptibility to disease and insect pests
“3. Lodging and shattering
“4. Limited range of adaptation
“Seed Viability and Germination: Perhaps the most
serious production bottleneck in soybean is the poor
germinability of seeds under certain conditions. This
problem has two aspects: poor seed viability and poor
emergence. Poor seed viability may occur when harvest and
storage conditions are suboptimum, while poor emergence
results when the seedling is weak and becomes susceptible to
high soil temperatures and soil or seed borne diseases.
“Soybean seed is known to lose its viability when
stored under ambient conditions. Seeds can also lose
germinability at harvest depending on the weather conditions
at maturity and delay in harvesting. Most of the available
information suggests that well-dried seeds stored in the cold
maintain their viability for periods up to one year. There are
indications that genetic differences do exist for retention
of viability in storage. Cool storage does not seem to be a
practical solution at the farmer level and thus there is an
urgent need for varieties which can withstand suboptimum
storage conditions without loss of seed viability.
“The second problem of seed emergence relates to
conditions at sowing time. Generally, high soil temperatures
prevail in most tropical areas at the time of sowing
which tend to inhibit seed germination. Also sowing time
coincides with the onset of the rainy season and it is a
general observation that after heavy showers the soil surface
becomes crusted when dry and the seed is unable to emerge.
On the other hand, if the surface remains moist at the time
of emergence, germination is excellent. All this indicates
the need to search for or to develop genotypes with good
retention of viability in storage as well as the ability to
germinate and emerge even under suboptimum conditions.
Association of seed characteristics like seed size and specific
gravity with germinability will be studied.
“Experiments with 25 cultivars have been initiated to
study the effect of harvesting time on the seed germination
potential of fresh seed and after variable storage periods. In
addition the effect of high temperature on seed germination
in a group of cultivars is being investigated by the GLIP
[Grain Legume Improvement Program] physiologist.
“Susceptibility to Disease and Insect-pests: At present
the disease and insect problems in soybean are not as
acute as for cowpeas in southern Nigeria. The only disease
observed to be serious in soybeans is bacterial pustule
although virus and premature senescence symptoms are
sometime observed. Field screening for resistance to
bacterial pustule in soybean genetic stocks in a limited
number of soybean lines has revealed that a few strains are
free from this disease. Some of the varieties like Bilomi-3
showing resistance to bacterial pustule have agronomic
defects. Therefore, a hybridization program to incorporate
resistance genes in agronomical superior commercial
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varieties has been undertaken.
“Leafhoppers, thrips and leaf-feeding beetles may
occasionally become serious in soybeans. Resistance against
leafhoppers has been observed but these lines are either
spreading types or have black testas (Wilson Black and
Bilomi-3). Bilomi-3 has also been found resistant to bacterial
pustule and leafhoppers and is being used extensively as one
of the parents in the soybeans improvement program.
Lodging and Shattering: Some high yielding cultivars
have a tendency to lodge at the fruiting stage, causing loss
in yield and making harvesting more difficult. Similarly,
strains susceptible to seed shattering result in considerable
loss when harvesting is even slightly delayed. Therefore,
selection in breeding nurseries is directed towards identifying
genotypes with strong, erect stems to resist lodging and
possessing shattering resistance. As a result of continuous
selection for these trials most of the IITA nursery is resistant
to lodging and shattering (TGm 280-3, TGm 294-4).
“Adaption [Adaptation]: Soybean is well known for
its sensitivity to temperature and photoperiod, making it
difficult to develop strains and lines adapted to diverse
growing situations. Some investigations conducted on a
limited number of genotypes at Ibadan and at the University
of Reading (UK) have resulted in identifying insensitive
strains. Development of lines with temperature and
photoperiod insensitivity combined with high yield, disease
and insect resistance, good seed viability and acceptable
grain qualities is the major objective of this subprogram.”
Address: IITA, Ibadan, Nigeria.
2068. Erickson, Eric H. 1975. Variability of floral
characteristics influences honey bee visitation to soybean
blossoms. Crop Science 15(6):767-71. Nov/Dec. [11 ref]
• Summary: Soybean cultivars in Maturity Groups 0-III
were ranked from high to low, based on their rate of nectar
secretion. Address: Research entomologist, North Central
States Bee Research Lab., ARS-USDA, Madison, Wisconsin
53706.
2069. Howell, Robert W. 1975. Golden beans from China
now our No. 1 cash crop. Yearbook of Agriculture (USDA) p.
225-36. For the year 1975. [2 ref]
• Summary: This is an excellent historical overview of
soybeans in America. Contents: Introduction. Travels in
Manchuria (Dorsett and Morse, U.S. Regional Soybean
Industrial Products Laboratory, U.S. Regional Soybean
Lab. at Urbana, O.S. Aamodt of USDA who was Morse’s
immediate superior, Herbert W. Johnson, Lincoln variety
released in 1943, Richard Bernard, C.R. Weber, E.E.
Hartwig). Phytophthora rot (The first major threat to the
soybean crop, first observed in 1948). China variety saved
day (Peking variety contained resistance to cyst nematode).
Living together (nitrogen fixation, chemical control of
weeds, mechanized agriculture). Deodorizers developed

(deodorized soybean oil, shortening & margarine, food uses
of soybeans, Sybil Woodruff and Olive Zwerman of Illinois).
Beans and the world scene (India, INTSOY, NSPA, National
Soybean Crop Improvement Council).
“By 1973, soybeans had become our No. 1 cash crop,
the leading export commodity, the major alternative crop of
midwestern and southern farmers, the world’s most effective
producer of protein per acre, and the hope of starving
millions for a better diet.
“How was this miracle achieved? It was made possible
by a combination of fortuitous conditions... a need for oil
and protein, accentuated by war-time demands and post-war
population growth... land newly available as production of
other crops outpaced demand, partly because there were
fewer draft animals and thus less need for land for feed grain
production... the ability of soybeans to adapt to a wide range
of climates and to farming methods already known to corn
and cotton farmers... and removal of legal restrictions on
margarine.
“But there was another element, just as important
or even more so. First a few and then many more men
and women of vision, imagination, energy, dedication–
remarkable people and institutions who saw the potential of
the soybean and worked hard to make that potential a reality.
“First mentioned by Mease in 1804 in Pennsylvania, the
soybean (Glycine max (L.) Merr.) increased in importance
slowly. Few varieties were available by the turn of the
century, perhaps no more than eight in 1898. Early varieties
selected in experiment station programs included Haberlandt
from North Carolina; Dunfield, Mandell, and Richland from
Indiana (Purdue); Scioto from Ohio, Illini and Chief from
Illinois, Mukden from Iowa, and Arksoy from Arkansas.
“C.A. Mooers of Tennessee noted in 1908 that the
flowering habit of soybeans was influenced by the date of
planting. His observation led to the discovery, 10 years later,
by W.W. Garner and H.A. Allard of the U.S. Department
of Agriculture (USDA) that the length of the day controls
the initiation of flowering. This phenomenon is called
‘photoperiodism’ and is now known to affect flowering in
many plants and reproductive behavior of some birds.
“Soybean research in USDA in the early part of the
20th century was the responsibility of C.V. Piper. But the
man who deserves the most credit for establishing soybeans
as a significant crop in the United States was W.J. Morse.
Morse began his work with USDA in 1907 and soon was
responsible for soybean research. For more than 40 years,
until he retired in 1949, he was the guiding light and
inspiration of soybean researchers in USDA and the States
alike.
“He cooperated with all who responded to his invitation,
and promoted soybean production by direct face-to-face
contact with farmers. Morse was one of the founders of
the American Soybean Association and was its president
three times. He published more than 75 articles about the
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soybean, and in 1923 was co-author with Piper of a book The
Soybean.
“Travels in Manchuria: Morse made a plant exploration
trip to Manchuria, Korea and China with P.H. Dorsett from
1929 to 1931. Most of the soybean varieties now in use in the
United States are descended from lines which he collected on
that trip or which Dorsett had collected on an earlier trip.
“The potential of the soybean was recognized by many
people of great vision in the State Agricultural Experiment
Stations in the early decades of this century. Nearly every
State had a ‘Mr. Soybean’, some more than one, and the titles
were well deserved.
“These experiment station and USDA leaders were
joined by industry leaders of comparable vision. Firms such
as A.E. Staley Co., which in 1921 offered a soybean contract
to farmers with a guaranteed price of $1.35 per bushel,
encouraged farmers to grow soybeans and offered them a
market.
“Official coordination of the soybean programs in
experiment stations and USDA began in 1936. In that year
the U.S. Regional Soybean Industrial Products Laboratory
was established at the University of Illinois in Urbana
under authority of the Bankhead-Jones Act. Utilization
research was transferred to the Northern Regional Research
Laboratory in Peoria, Illinois, in 1942.
“Production research, mainly plant breeding and
production practices, remained at Urbana as the U.S.
Regional Soybean Laboratory. A cooperative effort of State
Agricultural Experiment Stations and USDA, the program
of the Soybean Laboratory is still defined in Memoranda of
Understanding between USDA and the stations of the North
Central and the Southern States. USDA has located most of
its soybean production research staff at State Agricultural
Experiment Stations.
“Little or no distinction was made between a ‘Federal’
and ‘State’ program in many States. Much of the credit for
fixing this cooperative philosophy in soybean research is due
to O.S. Aamodt, who was Morse’s immediate superior and
had been head of the Agronomy Department at Wisconsin
before joining the USDA staff in 1939.
“Aamodt was dedicated to the importance of cooperative
USDA-State effort. He counseled new Federal employees at
great length to this effect. Cooperation became the tradition,
the norm, in soybean research and has continued so.
“The most significant expansion of soybean production
research in both numbers and scope occurred under the
leadership of Herbert W. Johnson, who was leader of
soybean investigations from 1953 to 1964, and is now head
of Agronomy and Plant Genetics, University of Minnesota.
He emphasized the importance of basic research and
interdisciplinary studies, and the need to relate research
to practical problems. Following Aamodt’s counsel, he
stressed the importance of State-Federal cooperation. The
first soybean variety to come from the cooperative USDA-

State program was Lincoln, released in 1943. Actually the
hybridization from which Lincoln was selected was done by
C.M. Woodworth of Illinois several years before the Soybean
laboratory was established. Later came Hawkeye, Ogden,
Roanoke, Clark, Lee, Amsoy, Corsoy, Beeson, Calland,
Cutler, Wayne, Pickett, Jackson, Hardee, Williams, and many
others. Previous varieties had been the result of selection
from introductions, not hybridization to combine the good
points of two parents.
“The variety development program is based on a strong
foundation of genetic fundamentals. Soybean breedergeneticists have, therefore, been able to make major
contributions to genetic theory.
“An example is the study of the genetic controls of
maturity by R.L. Bernard, with USDA at Illinois. Maturity of
a variety is governed by numerous genes and is influenced by
environmental conditions. Using a ‘back-crossing’ technique
to produce closely related genotypes which differed by
a single morphological trait such as leaf shape, Bernard
discovered that a single gene can condition a difference
of as much as 23 days in time to flowering and 18 days to
maturity.
“Most breeding effort has been on so-called industrial
varieties as contrasted with ‘vegetable’ types. But C.R.
Weber, with USDA at Iowa State, developed Kanrich and
Kim, and later the large-seeded Disoy, Magna, and Prize,
varieties intended for vegetable use, as contrasted with
crushing for oil and protein.
“In 1961 the Minnesota legislature authorized several
soybean research positions. This was the first State action
specifically directed toward building a soybean research
program” (p. 242).
“A significant private (commercial) soybean breeding
effort began during the 1960s. Stuart and Hampton varieties
were developed at Coker Pedigree Seed Co. in South
Carolina. In 1964 a group of seed producers organized
Soybean Research Foundation, Inc. to conduct a breeding
program based at Mason City, Illinois. In 1967 a soybean
breeding program was initiated by Peterson Seed Co.
of Waterloo, Iowa, now a division of Pioneer Seed Co.”
[Pioneer Hi-Bred].
“Enactment of the Plant Variety Protection Act in 1970
has stimulated more companies to begin breeding soybean
varieties.” (p. 235).
Photos show: (1) Geneticist Richard L. Bernard. (2) A
food plant making spun soy protein fibers. Address: Head,
Dep. of Agronomy, Univ. of Illinois.
2070. Lin, Chu-Yung; Guilfoyle, Thomas J.; Chen,
Yih-Ming; Key, Joe L. 1975. Isolation of nucleoli and
localization of ribonucleic acid polymerase I from soybean
hypocotyl. Plant Physiology 56(6):850-52. Dec. [19 ref]
• Summary: “An effective method for the isolation of
nucleoli from auxin-treated soybean (Glycine max,
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var. Wayne) hypocotyl was developed by polytron
homogenization and sucrose gradient centrifugation. The
nucleoli expressed only the -amanitin-insensitive RNA
synthetic activity. This activity chromatographed as RNA
polymerase I on DEAE-cellulose. It appears that the plant
nucleolus, like the animal nucleolus, is the site of localization
for RNA polymerase I." Address: Dep. of Botany, Univ. of
Georgia, Athens, Georgia 30602.
2071. Quebedeaux, Bruno; Havelka, Ulysses D.; Livak,
Kenneth L.; Hardy, Ralph W.F. 1975. Effect of altered pO2
in the aerial part of soybean on symbiotic N2 fixation. Plant
Physiology 56(6):761-64. Dec. [18 ref]
• Summary: “Dry matter accumulation, nitrogen content
and N2 fixation rates of soybean (Glycine max [L.] Merr. cv.
Wye) plants grown in chambers in which the aerial portion
was exposed to a pO2 of 5, 10, 21, or 30% and a pCO2 of
300 μl CO2/l or a pO2 of 21% and a pCO2 of 1200 μl CO2/l
during the complete growth cycle were measured. Total N2
[C2H2] fixed was increased by CO2/O2 ratios greater than
those in air and was decreased by ratios smaller than those in
air; the effects on N2 fixation of decreased pO2 or elevated
pCO2 were quantitatively similar...” Address: Central
Research and Development Dep., Experimental Station, E.I.
du Pont de Nemours and Company, Wilmington, Delaware
19898.
2072. Williamson, Francis A.; Morré, D. James; Jaffe, Mark
J. 1975. Association of phytochrome with rough-surfaced
endoplasmic reticulum fractions from soybean hypocotyls.
Plant Physiology 56(6):738-43. Dec. [37 ref]
• Summary: “Since the discovery of phytochrome and the
elaboration of its ubiquitous role in the regulation of growth
and development of flowering plants, its location within the
cell and immediate mode of action have remained unknown.”
“Distribution of phytochrome (as Pfr) among
membranes from soybean hypocotyls (Glycine max L.
cv. Wayne) was determined by the combined techniques
of cell fractionation, difference spectrometry, and
electron microscopic morphometry. More than 90% of
the phytochrome was found in the soluble fraction. With
homogenates prepared in the presence or absence of Mg2+,
the portion associated with membrane was only 6.5% and
1%, respectively. In the presence of Mg2+, the content of
particulate phytochrome correlated with...”
Note: “The phytochrome pigment was discovered by
Sterling Hendricks and Harry Borthwick at the USDA-ARS
Beltsville Agricultural Research Center in Maryland during
a period from the late 1940s to the early 1960s. Using a
spectrograph built from borrowed and war-surplus parts, they
discovered that red light was very effective for promoting
germination or triggering flowering responses. The red light
responses were reversible by far-red light, indicating the
presence of a photoreversible pigment.

“The phytochrome pigment was identified using a
spectrophotometer in 1959 by biophysicist Warren Butler and
biochemist Harold Siegelman. Butler was also responsible
for the name, phytochrome” (Source: Wikipedia July 2021).
Address: 1-2. Depts. of Botany and Plant Pathology and
Biological Sciences, Purdue Univ., West Lafayette, Indiana
47907.
2073. Hinson, K. 1975. Nodulation responses from nitrogen
applied to soybean half-root systems. Agronomy Journal
6:799-804. *
2074. Hinson, K. 1975. Nitrogen fertilization of soybeans
(Glycine max (L.) Merr.) in Peninsular Florida. Soil and Crop
Science Society of Florida, Proceedings 11:97-101. *
2075. Szyrmer, J.; Federowska, B. 1975. [Research on
biology and breeding of soybean]. Biuletyn IHAR 3-4, 3-8.
[Pol]*
• Summary: IHAR stands for “Instytutu Hodowli i
Aklimatyzacji Roslin.” Address: Plant Breeding and
Acclimatization Inst., Soybean Lab., Radzikow n. Warsaw,
Poland.
2076. Ataev, A.; Kazantseva, V.N. 1975. [Biology of seed
germination in tropical legumes in Turkmenia]. In: Izuchenie
Rastitel’nosti Turkmenii. Ashkhabad, Turkmen SSR: ‘Ylym.’
See p. 56-58. [Rus]*
• Summary: The rate and percentage of germination of
soybeans, cowpeas, and pigeon peas under laboratory
conditions in Turkmenistan was highest at 25-30ºC; under
field conditions, the optimum temperature was 15-20ºC. The
germination rate was different for each legume.
2077. Egli, M. 1975. Le soja; Physiologie appliquée.
Bibliographie [The soybean: Applied physiology.
Bibliography]. Paris: IRAT. 145 p. IRAT Document No. B
367. [379 ref. Fre]*
• Summary: Contains references from 1961 to 1974. IRAT
stands for Institut de Recherches Agronomiques Tropicales
(Tropical Institute of Agronomic Research). Address: IRAT,
France.
2078. Evans, L.T. ed. 1975. Crop physiology: Some case
histories. London and New York: Cambridge University
Press. vii + 374 p. Illust. Index. 24 cm. [213 soy ref]
• Summary: Contents: List of contributors (each chapter is
by different authors). Foreword. 1. Crops and world food
supply, crop evolution, and the origins of crop physiology. 2.
Maize. 3. Sugar cane. 4. Rice. 5. Wheat. 6. Soybean. 7. Pea.
8. Potato. 9. Sugar beet. 10. Cotton. 11. The physiological
basis of crop yield.
The Foreword, by L.T. Evans, begins: “Only nine crops
are dealt with in this book, yet between them they contribute
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more than two-thirds of the dry weight, half of the protein
and a quarter of the oil and fat in our diet, and half of the
fiber we use. Our dependence on these major crops is by
no means diminishing...” “In terms of edible dry weight
more than two-thirds of the world’s nutritional requirements
of human food is supplied by the cereals. Of the proteins
supplied, half is contributed by the cereals, as compared
with less than one-third from animal sources. The rest of the
proteins for humans is derived largely from pulses.”
Contents of Chapter 1: Introduction. Crops and the
world food supply: Alternative sources of food, crop yield.
Physiological aspects of crop plant evolution: Reduced
dissemination and increased seed size, crops, weeds and
adaptability, change in form, changes in composition. A short
history of crop physiology: Photosynthesis, leaf growth and
canopy development, translocation, storage, ideal plant type.
Chapter 6, “Soybean,” by Richard Shibles, I.C.
Anderson, and A.H. Gibson (Shibles and Anderson are
from Dep. of Agronomy, Iowa State Univ., Ames, Iowa;
Gibson is from Div. of Plant Industry, CIRO, Canberra,
ACT, Australia) has the following contents: Introduction.
Seedling establishment. Root growth and function: The root
system, Nodulation and nitrogen fixation, nodule function.
Top growth and development: The vegetative structure,
canopy growth and dry matter accumulation, transpiration.
Reproductive development: Regulation, flowering, pod
and seed development, protein and fat. Yield determining
processes: Photosynthesis (the leaf, the canopy), respiration
and photorespiration, translocation (anatomy, assimilate
distribution), nutrient uptake and nitrogen metabolism,
stress physiology. Yield: Limits and limitations to yield,
approaches to yield improvement. Address: Div. of Plant
Industry, CSIRO, Canberra, ACT, Australia.
2079. Hartwig, Edgar E.; Edwards, Calton J., Jr. 1975.
Evaluation of soybean germplasm, maturity group V to X.
Stoneville, Mississippi: Delta Branch Experiment Station.
126 p. 28 cm. *
• Summary: According to Bernard et al. (1987), the
evaluation included the following varieties: Harrel, Improved
Pelican, J.E.W. 45, Louisiana Green, Luthy, Mamotan 6640.
Address: 1. Stoneville, Mississippi.
2080. Krishnamurthy, K.; Shivashankar, K. 1975. Soybean
production in Karnataka [Bangalore, India]. UAS Technical
Series, Publication No. 12. 51 p. (University of Agricultural
Sciences, Hebbal, Bangalore, India). [23 ref. Eng]
• Summary: Contents: Introduction. Crop introduction and
varietal performance. Agronomic trials. Rhizobium studies.
Moisture stress studies on soybeans. Studies on growth
regulators. Crude protein and fat content in soybean. Yield
evaluation with other legumes. Performance of soybean on
cultivator’s field. Multiple cropping practices with soybeans.
Soybean utilization studies. Agro-economic aspects of

soybeans: Stabilization of yield, popularisation of soybeans
in the state, providing seeds, rhizobium cultures and other
inputs, development of package of practices for soybeans,
right price for soybeans, marketing, processing and industrial
utility. Address: Univ. of Agricultural Sciences (UAS),
Hebbal, Bangalore 560024.
2081. Roig y Mesa, Juan Tomas. 1975. Diccionario botánico
de nombres vulgares Cubanos. 2 vol. [Botanical dictionary
of Cuban vernacular names. 2 vol.]. Havana, Cuba: Editorial
Pueblo y Educación. Illust. 21 cm. First published in 1928 on
Havana, Cuba. Later published in 1988. [Spa]*
• Summary: The soybean (Soya) was introduced to Cuba in
1904 by the EEA (Estación Experimental Agronómica de
Santiago de Las Vegas, currently INIFAT, the Experimental
Agronomical Station) from the USA, but it was possibly
already found in the Isla de la Juventud, used by the Japanese
to prepare a kind of cheese called ‘tofu.’ (dau phu in
Vietnamese).
Note 1. This document contains the earliest date seen for
soybeans in Cuba (1904), or the cultivation of soybeans in
Cuba (1904 or 1904; one of three documents). The source of
these soybeans was the USA.
Note 2. Although these soybeans were introduced in
1904, they may not have been cultivated until 1905 (see Cruz
1906).
Note 3. The author was born in 1877. The 1st edition
was published in 1928 (3 vols., 48 plates).
Note 4. In Vol. 1 of this 1975 edition, on page 419 we
read: “Frijol Soya: V [see] Soya.” Details about soya are
given there in Vol. 2. Vol. 1 contains 599 pages.
2082. Shibles, R.; Anderson, I.C.; Gibson, A.H. 1975.
Soybean. In: L.T. Evans, ed. 1975. Crop Physiology: Some
Case Histories. London: Cambridge University Press. vii +
374 p. See p. 151-89. Chap. 6. [209 ref]
• Summary: “Although a crop of some importance in the
USA since about 1880, its primary use was as a forage prior
to the late 1930s. Currently, the USA produces nearly 75% of
the world’s soybeans; China is the second largest producer,
with an estimated 17%. Over 50% of the United States’ crop
is exported, primarily to Europe, Japan and Canada.”
Contents: Seedling establishment. Root growth and
Function: Nodulation and nitrogen fixation. Top growth and
development. Reproductive development. Yield determining
processes. Yield, etc.
The soybean is epigious; in botany this is of or relating
to seed germination in which the cotyledons emerge above
the surface of the ground after germination. Address: 1. Dep.
of Agronomy, Iowa State Univ., Ames, Iowa.
2083. Silverstein, Alvin; Silverstein, Virginia B. 1975.
Beans: All about them. Englewood Cliffs, New Jersey:
Prentice-Hall, Inc. 86 p. Illust. by Shirley Chan. Index. 22
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cm. Summarized in Soybean Digest, Sept. 1975, p. 43. [7
ref]
• Summary: This excellent book for children discusses beans
in legend and history, how to grow them, and their future as
a low-cost protein supplement. Includes experiments, bean
recipes, and games.
Contents: Beans. The story of beans. The history of
beans. Beans in legend and lore. The life story of the bean.
Kinds of beans. Beans in the garden and the marketplace.
Beans for the future. Fun with beans. Beans for good eating.
Page 2: “Kuan Yu, a great war god in Chinese folktales,
was a bean curd [tofu] seller in his youth.”
Pages 12-13, a brief (and partially accurate) history of
the soybean, begin: “Soybeans are native to eastern Asia.
The oldest written records of them date back to 2838 B.C.
[sic], when Emperor Shen Nung of China wrote a description
of the plant.” Also mentions: The five sacred grains, soybean
“milk,” tofu, yuba, [soy] sauces, soybean paste, soybean
sprouts, soybean oil, Engelbert Kaempfer, first introduced
“to the United States around 1800 when a ship brought some
to Philadelphia [Pennsylvania], Commodore Perry (1854),
USDA tested about 10,000 different kinds. Now soybeans
are the number one U.S. cash crop, accounting for more
then 75% of the world’s soybean supply. Soybeans are used
as foods for humans (in the form of oil, flour, soy sauce,
“milk substitutes, and meat substitutes and ‘extenders’”) and
feeds for animals. They are also used in the manufacture of
more than 250 industrial products, including paints, soaps,
lubricants, adhesives, and fertilizer.
Page 16: “In China, beans were a good luck symbol.
A person who wore a string of soybeans hidden around his
neck was believed to possess magic powers to do amazing
feats. Three dark soybeans soaked in sesame oil for three
days were used to foretell the future.”
The chapter “The life story of the bean” (p. 18-29) gives
(with illustrations) a simple and accurate description of the
bean seed and how it grows, discussing the hilum or seed
scar, the micropyle or tiny hole at one end of the hilum, the
seed coat, the two cotyledons in which food for the young
growing plant are stored, the embryo nestled (a plant in
miniature) between the cotyledons, with its two tiny leaves
(the plumule), a little root (the radicle), and a stemlike part
connecting them (the hypocotyl). When the seed is planted,
and it germinates or sprouts, the “embryo root pokes its tip
out through the micropyle and grows out into the soil. Tiny
root hairs form along the growing root. They take in moisture
and dissolved minerals from the soil.” The hypocotyl grows
until it “suddenly pushes up out of the soil–the first part of
the seedling to emerge. It is bent over, for the cotyledons are
still buried in the soil.” The hypocotyl continues to grow.
In a day or so the seed coat splits, then the top of the plant
pops up out of the soil. “The empty seed coat is left behind,
buried beneath the surface.” Now the young bean seedling
is growing straight up. The two seed leaves at the top unfold

and grow quickly. Below them on the stem are the two
cotyledons. As sun shines on the growing plant, its leaves,
cotyledons, and stem begin to turn green–a turning point in
the life of the plant.
For a while, the growing plant takes the food it needs
from the reserves stored in the two cotyledons. But as these
reserves are used up, they shrivel and finally fall off. Now
the young plant must create its own food using chlorophyll
and photosynthesis.
Chlorophyll traps energy from the sun. When examined
under a magnifying glass, one can see that the surface of
a plant leaf contains many tiny openings called stomates,
which are usually open during the day and closed at night.
“When the stomates are open, gases from the air pass freely
in and out.” Air is about 80% nitrogen, 20% oxygen, plus
smaller amounts of carbon dioxide, water vapors, and
others gases. In the leaves, “carbon dioxide and water are
combined, using the sunlight energy trapped by chlorophyll,
into sugar, starches, and other complicated chemicals.
Scientists call this process photosynthesis (photo means
light, and synthesis means a putting together).” The byproduct, oxygen, passes out into the air through the stomates;
it is the gas that humans and other mammals need to breathe.
Describes the underground activities related to plant
growth, nodules, bacteria that live symbiotically in the roots
and fix ammonia and nitrogen. Also describes the bean
flower, its parts, self-pollination, the key role of bees, and
how the seeds are formed from the flower.
The chapter “The soybean–Number one” (p. 36-39)
describes the current status of the soybean in the USA.
The chapter “Beans for the future” discusses modern
developments such as CSM, soyfoods such as sufu, tempeh,
miso, spun soy protein fibers, soybean meat analogs, textured
vegetable protein (TVP).
When a bean seed sprouts, how does it know which
way is “up”? “Could you ever get a seedling with its roots
pointing up in the air and its shoot poking down into the
soil?” Supposing you cut off all sunlight? No, plants have
a built-in gravity sense which scientists call “geotropism.”
A plant hormone called an auxin causes the plant to bend
upward–and toward the light (heliotropism). In 1888, the
symbiotic partnership between legumes and nitrogen fixing
bacteria was first discovered by Hellriegel and Wilfarth.
There are short-day plants, long-day plants, and day-neutral
plants; flowering will not begin until the length of days
and nights is just right (p. 54-59). Bean recipes (p. 70-75).
Address: 1. Prof. of Biology, Staten Island Community
College, New York City; 2. Translator of Russian scientific
materials.
2084. Huxley, P.A.; Summerfield, R.J.; Hughes, A.P. 1976.
Growth and development of soyabean cv. TK5 as affected
by tropical daylengths, day/night temperatures and nitrogen
nutrition. Annals of Applied Biology 82(1):117-33. Jan. [26
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ref]
• Summary: Longer daylength produced taller, more
branched, later flowering plants, but seed yield was hardly
affected. A day temperature kept at 33ºC with a night
temperature of 24º adversely affected all yield components.
The experiments showed that night temperature, which
promotes early vegetative growth and induces early
flowering, is a factor of major importance for the growth of
this cultivar.
“This paper describes results from a research
programme on the physiology of tropical grain legumes in
collaboration with the International Institute of Tropical
Agriculture, Nigeria, and sponsored by the British Ministry
for Overseas Development. Additional data from these
experiments are contained in two internal communications
which can be made available on request.
“Dr P.J. Dart and Dr J. Day of Rothamsted provided
helpful discussion at the start of the second experiment and
they were responsible for assaying nitrogenase activities and
carrying out nitrogen determinations.”
“The Root Nodule Pty (Ltd) Australia provided the
Rhizobium.
Note: P.A. Huxley is now at: University of Dar-esSalaam, Faculty of Agriculture, P.O. Box 643, Morogoro,
Tanzania. Address: Univ. of Reading, Dep. of Agriculture
and Horticulture, Plant Environment Lab., Shinfield Grange,
Shinfield, Reading, Berkshire RG2 9AD, England.
2085. Huxley, P.A.; Summerfield, R.J. 1976.
Photomorphogenetic effects of lamp type on growth of some
species of tropical grain legumes in controlled environment
cabinets. Plant Science Letters 6(1):25-33. Jan. [7 ref]
• Summary: Evidence in these studies indicated that
“Daylight” fluorescent tubes alone are a suitable source
of illumination for soybean IGm87 and TK5. 4Ima beans
performed best with “Warm White” tubes alone, while
pigeon peas were most typical when grown with “Warm
White” tubes supplemented with 10% tungsten. “Northlight”
tubes are generally to be avoided. Address: Univ. of Reading,
Dep. of Agriculture and Horticulture, Plant Environment
Lab., Shinfield Grange, Reading RG2 9AD, Berkshire,
England.
2086. Hymowitz, T.; Carmer, S.G.; Newell, C.A. 1976.
Soybean cultivars released in the United States and Canada:
Morphological descriptions and responses to selected foliar,
stem, and root diseases. INTSOY Series No. 9. 31 p. Jan.
(College of Agric., Univ. of Illinois at Urbana-Champaign).
[39 ref]
• Summary: This book consists mainly of tables generated
from a computerized database. Information is given on
331 soybean cultivars. The introduction states: “The data
contained in this bulletin were compiled from progress
reports issued by Drs. Bernard and Hartwig, which were

based in part on contributions made by collaborating
pathologists, as well as from articles and bulletins authored
by many investigators. The data were coded, punched on
cards, and subsequently transferred to a computer storage
system. The program used to retrieve the stored data was
based upon the TAXIR system developed at the University
of Colorado. References used in compiling the data can be
found on pages 4 to 7 of this bulletin.
“We wish to thank those scientists who have contributed
their data to the germplasm data bank and the following
individuals who spent many hours coding, punching,
proofreading, and programming the data: Dr. Satish Chandra,
Billie Porter, Marsha King, and Barbara Worosz.”
Table 1 is “Morphological descriptions of soybean
cultivars released in the United States and Canada.”
Cultivars are listed in alphabetical order: Acadian, Acme,
Ada, Adama, Adelphia, Agate, AK (FC 30761), AK
Harrow, AK Kansas, Aksarben, Altona, Amsoy, Amsoy
71, Anoka, Aoda, Arisoy, Arksoy, Arlington, Armredo,
Austin, Avoyelles, A100, Bansei, Bansei, Barchet,
Bavender Special, Bavender Special A, Bavender Special
B, Bavender Special C, Beeson, Bethel, Bienville, Biloxi,
Black Eyebrow, Blackhawk, Bombay, Bonus, Boone,
Bossier, Bragg, Burwell, Calland, Capital, Carlin, Cayuga,
Charlee, Cherokee, Chestnut, Chief, Chippewa, Chippewa
64, Chusei, Clark, Clark 63, Clay, Clemson, Cloud, CNS,
Cobb, Coker Hampton 266, Coker Hampton 266a, Coker
338, Columbia, Columbus, Comet, Corsoy, Creole, Crest,
Curtis, Custer, Cutler, Cutler 71, Cypress No. 1, Dare, Davis,
Delmar, Delsoy, Delsta, Disoy, Dixie, Dorman, Dortchsoy
31, Dortchsoy 67, Dunfield, Dunn, Dyer, Early White
Eyebrow, Earlyana, Easy Cook, Ebony, Elton, Emperor,
Ennis 1, Essex, Etum, Evans, Fabulin, Flambeau, Ford,
Forrest, Fuji, Funk Delicious, Funman, Gatan, Georgian,
Giant Green, Gibson, Goku, Goldsoy, Granger, Grant,
Green & Black, Guelph, Habaro, Haberlandt, Hahto, Hahto
Michigan, Hakote, Hampton, Harbinsoy, Hardee, Hardome,
Hark, Harly, Harman, Harosoy, Harosoy 63, Harrel,
Hawkeye, Hawkeye 63, Hayseed, Henry, Hidatsa, Higan,
Hill, Hinn, Hodgson, Hokkaido, Hollybrook, Hongkong,
Hood, Hoosier, HP-963, Hurrelbrink, Hutton, Illington,
Illini, Ilsoy, Imperial, Improved Pelican, J.E.W. 45, Jackson,
Jefferson, Jogun, Jogun Ames, Jupiter, Kabott, Kagon,
Kanrich, Kanro, Kanum, Kent, Kim, Kingston, Kingwa,
Kino, Korean, Kura, LA. Green, Laredo, Lee, Lee 68, Lee
74, Lexington, Lincoln, Lindarin, Lindarin 63, Linman 533,
Little Wonder, Luthy, Mack, Macoupin, Madison, Magna,
Magnolia, Majos, Mamloxi, Mammoth Yellow, Mamotan
6640, Mamredo, Manchu, Manchu (Lafayette), Manchu
(L55-153), Manchu (Madison), Manchu Hudson, Manchu
Lafayette, Manchu Montreal [Montreal Manchu], Manchu
2204, Manchu 3 Wisc, Manchu 606 Wisc, Manchukota,
Manchuria, Manchuria 13177, Manchuria 20173, Mandarin,
Mandarin (Ottawa), Mandarin 507, Mandell, Manitoba
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Brown, Mansoy, Medium Green, Mendota, Merit, Midwest,
Miller 67, Mingo, Minsoy, Missoy, Monetta, Monroe, Morse,
Morsoy, Mukden, Nanda, Nansemond, Neia, Norchief,
Norman, Norredo, Norsoy, OAC211, Ogden, Ogemaw,
Oksoy, Old Dominion, Ontario, Osaya, Otootan, Ottawa,
Ottawa Mandarin, Pagoda, Palmetto, Pando, Patoka,
Patterson, Peking, Pennsoy, Perry, Pickett, Pickett 71, Pine
Dell Perfection, Pluto, Pocahontas, Poland Yellow, Polysoy,
Potage, Portugal, Pridesoy 57, Prize, Protana, Provar,
Ralsoy, Rampage, Ransom, Renville, Richland, Roanoke,
Roe, Rokusun, Rose Non-Pop, Ross, S-100, Sac, Sanga,
Sato-3, Scioto, Scott, Seminole, Semmes, Seneca, Shelby,
Shingto, Shiro, Sioux, Sooty, Sousei, Soysota, Steele,
Stuart, Swift, Tanner, Tarheel Black, Tastee, Tenn NonPop, Toku, Tokyo, Tortoise Egg, Tracy, Traverse, Vansoy,
Verse, Viking, Virginia-N, Virginia-S, Volstate, Wabash,
Waseda, Wayne, Wea, Wells, White Biloxi, Wilkin, Williams,
Willomi, Willomi B, Wilson, Wilson B, Wilson 5, Wilson 5
B, Wilson 6, Wing Jet, Wirth, Wisconsin Black, Wolverine,
Woods Yellow, Woodworth, Wye, Yellow Marvel, Yelnanda,
Yelredo, York.
The following information is given for each cultivar
(variety): Maturity group, flower color, pod color, seed
coat color, hilum color, pubescence color, pubescence type
(normal, appressed, semiappressed, dense).
Table 2 is “Responses to selected foliar diseases of
soybean cultivars released in the United States and Canada.”
The diseases are bacterial blight, bacterial pustule, frogeye,
frogeye race 2, and soybean rust.
Table 3 is “Responses to selected foliar, stem, and root
diseases of soybean cultivars released in the United States
and Canada.” The diseases are brown spot, downy mildew,
brown stem rot, pod and stem blight, and phytophthora root
rot.
Talk with Ted Hymowitz. 1998. July 5. Ted and his
colleagues created a computerized database, with the data
entered on 80-column paper punch cards, using software that
Sam G. Carmer borrowed from Washington State University.
Carmer, a statistician, did the technical computer work.
The data was stored on a magnetic tape on the University’s
mainframe computer; there were no personal computers
in those days. They got a small grant to fund the project.
This database was the first of its kind–and was used as the
basis for a number of similar subsequent publications by
other authors. Address: Dep. of Agronomy, Univ. of Illinois,
Urbana.
2087. INTSOY Newsletter (Urbana, Illinois). 1976. INTSOY
genetic improvement program. No. 7. p. 1-2. Feb.
• Summary: “To identify or develop high-yielding, highly
nutritious soybean varieties that are suitable for tropical and’
subtropical zones is the primary goal of INTSOY’s soybean
improvement program. While INTSOY is concerned with
all aspects of soybeans, from production to consumption,

genetic improvement of soybean varieties is a major interest.
“The genetic improvement program is founded upon
a strategy that calls for (1) testing of existing, improved
varieties under many environmental conditions, (2)
identification of traits that will improve the adaptation and
productivity of these varieties in tropical and subtropical
climates, (3) introduction of these desirable traits into
existing varieties, and (4) establishment of linkages among
soybean breeders that will enhance generation, testing, and
use of these improved varieties. Each phase relies heavily
upon the cooperation of scientists around the world.
“Implementation of this strategy was given impetus
in 1973 by the establishment of the International Soybean
Variety Evaluation Experiment (ISVEX). The experiment
was designed to (1) evaluate soybean performance under
different environmental conditions, (2) identify areas of
the world that have a potential for soybean production, (3)
provide an opportunity for researchers to compare local and
introduced varieties, and (4) make available a source of new
germplasm to cooperating scientists.”
“Modified soybean variety experiments similar to
ISVEX are being conducted cooperatively with the Southeast
Asian Regional Center for Graduate Study and Research in
Agriculture (SEARCA) in the Philippines, Indonesia, and
Thailand and with the International Institute of Tropical
Agriculture (IITA) in African countries between the latitudes
of 20ºN. and 20ºS. Cooperative relationships such as these
between institutions engaged in soybean research help to
reduce unnecessary duplication of experiments.”
“Lines and varieties adapted to the tropics have been
crossed with varieties that performed well in the ISVEX
trials. Accessions from the United States Department
of Agriculture germplasm collection site at Stoneville,
Mississippi, are now being evaluated in Puerto Rico. About
400 lines from the latest maturity groups have undergone
preliminary evaluation. These lines are being tested for
resistance to seed-borne pathogens causing deterioration in
seed quality, especially in the tropics. Cultivars possessing
various degrees of photoperiod sensitivity have been
identified and crossed with sensitive types to study the
inheritance of photoperiod insensitivity and its relationship
to maturity and other agronomic traits. A highly heritable
source of insensitivity to daylength would greatly facilitate
the transfer of traits from temperate to tropical varieties.”
“To test these experimental lines as well as superior
cultivars and lines from other sources, the Soybean
Preliminary Observation Trial (SPOT) is being established.”
Also discusses: INTSOY outreach program. Thailand
regional conference.
2088. Wilson, Richard F.; Rinne, Robert W. 1976. Effect of
freezing and cold storage on phospholipids in developing
soybean cotyledons. Plant Physiology 57(2):270-73. Feb. [11
ref]
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• Summary: “Freezing of plant tissue adversely affects
lipid composition. Immature soybean cotyledons... var.
‘Harosoy 63’ were frozen with liquid N2, dry ice, or stored
in a freezer (- 20 C) before lipid extraction. The effects of
freezing temperature, thawing rate, and cold storage on the
lipid composition of frozen tissue revealed significantly
higher levels of phosphatidic acid, and diminished levels
of phosphatidylcholine, phosphatidylethanolamine,
and N-acylphosphatidylethanolamine from the control.
Regardless of freezing temperature...” Address: USDA, ARS,
Dep. of Agronomy, Univ. of Illinois at Urbana-Champaign,
Illinois 61801.
2089. Black, Robert C.; Hamilton, Robert H. 1976.
Indoleacetic acid synthesis in soybean cotyledon callus
tissue. Plant Physiology 57(3):437-39. March. [10 ref]
• Summary: “Growth of an auxin-requiring soybean
cotyledon callus tissue (Glycine max L., Merr. var.
Acme) was promoted by tryptophan, tryptamine, indole,
indoleacetamide and, to a very slight degree, anthranilic acid.
When tryptophan-3-14C was supplied in the growth medium,
labeled indoleacetic acid (IAA) was found in both the tissue
and the medium. Medium, from which the cells had been
removed, was also found to convert labeled tryptophan
to IAA. Soybean callus contained 0.044 μmole/g free
tryptophan, but this is apparently not available...” Address:
Dep. of Biology, The Pennsylvania State Univ., Media,
Pennsylvania 19063.
2090. Wilson, Richard F.; Rinne, Robert W. 1976. Studies
on lipid synthesis and degradation in developing soybean
cotyledons. Plant Physiology 57(3):375-81. March. [9 ref]
• Summary: “The metabolic activity of individual lipid
classes found in developing soybean cotyledons... is
estimated by determining the degradation rate of the
compound under given conditions. Pulse-labeling
and dual substrate labeling are used to evaluate this
parameter. These studies indicate first order decay
kinetics for phosphatidic acid, phosphatidylinositol,
phosphatidylcholine, phosphatidylethanolamine, N-acylphosphatidylethanolamine, diglyceride, and zero order
kinetics for triglyceride in cotyledons...” Address: USDA,
ARS, Dep. of Agronomy, Univ. of Illinois at UrbanaChampaign, Illinois 61801.
2091. Littlejohns, D.A.; Tanner, J.W. 1976. Preliminary
studies on the cold tolerance of soybean seedlings. Canadian
J. of Plant Science 56(2):371-75. April. [9 ref. Eng; fre]
• Summary: The authors suggest cultivar screening at
10ºC to select cold-tolerant lines for early planting, thus
permitting better utilization of a longer growing season in
cold, northerly latitudes. Address: 1. Farm Crops Section,
Ridgetown College of Agricultural Technology, Ridgetown,
Ontario, N0P 2C0; 2. Crop Science Dep., Univ. of Guelph,

Guelph, Ontario N1G 2W1. Both: Canada.
2092. Nafziger, Emerson D.; Koller, H. Ronald. 1976.
Influence of leaf starch concentration on CO2 assimilation in
soybean. Plant Physiology 57(4):560-63. April. [21 ref]
Address: Dep. of Agronomy, Purdue Univ., West Lafayette,
Indiana 47907.
2093. Reporter, Minocher. 1976. Synergetic cultures of
Glycine max root cells and rhizobia separated by membrane
filters. Plant Physiology 57(4):651-55. April. [16 ref]
• Summary: A double chambered apparatus in which
root cells, separated from the rhizobia by two or three
membranes, activated nitrogenase activity as Indicated by
acetylene reduction and hydrogen evolution, is described.
The activity persisted for several days after removal of
the rhizobia to a separate culture with a carbon source and
controlled environment. Some possible applications of the
transfilter method are discussed. Address: C.F. Kettering
Research Lab., Yellow Springs, Ohio.
2094. Wilson, Richard F.; Rinne, Robert W. 1976.
Involvement of phospholipids in triglyceride biosynthesis by
developing soybean cotyledons. Plant Physiology 57(4):55659. April. [21 ref]
• Summary: “The incorporation of phospholipids
specifically labeled with glycerol-23H and acyl14C by whole cell tissues of developing soybean
cotyledons... reveals that phosphatidylinositol,
phosphatidylcholine, phosphatidylethanolamine, Nacylphosphatidylethanolamine, and phosphatidic acid
can be metabolized to diglyceride. The diglyceride
formed may be recycled into phospholipid or acylated
to triglyceride. Diglyceride from phosphatidic acid and
phosphatidylethanolamine is used readily in...” Address:
USDA, ARS, Dep. of Agronomy, Univ. of Illinois at UrbanaChampaign, Illinois 61801.
2095. Ebel, Jürgen; Ayers, Arthur R.; Albersheim, Peter.
1976. Host-pathogen interactions: XII. Response of
suspension-cultured soybean cells to the elicitor isolated
from Phytophthora megasperma var. sojae, a fungal
pathogen of soybeans. Plant Physiology 57(5):775-79. May.
2096. Rodale, Robert. 1976. Looking for Chinese health
secrets. Prevention (Emmaus, Pennsylvania). May. p. 23-30.
• Summary: Three years ago Mr. Rodale had the good
fortune to be able to travel throughout China for 27 days,
“As I sat on the Northwest Orient plane, eating an airline
meal of chicken, potatoes, bread and a salad, I thought how
I would rather be eating some rice, bean sprouts and perhaps
some tofu, or bean curd... Recently we learned the Chinese
lesson that sprouted seeds are much more nutritious than
dry, dormant seeds. Protein and vitamin values are improved
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dramatically by sprouting, and minerals in the seeds are
absorbed much more easily. I think there is tremendous
potential in the U.S. for wide use of sprouts as food...
“Bean curd is another great Oriental food that is making
friends here rapidly. It is a creamy, mild-tasting kind of
‘cheese’ made from soybeans–inexpensive and rich in
protein. Most people here call it tofu, which is the Japanese
name for bean curd. The Chinese call it dofu. No matter what
you call it, bean curd is a much better soybean food than the
fake meats and meat fillers made from spun soybean fibers
that are being sold to American consumers now. They are
hoked up with additives to give the resulting food color and
flavor, and are far more expensive per ounce of protein than
bean curd. The white color and mild flavor of tofu are part
of its appeal, so why load yourself up with harmful additives
just to make believe that soybeans are really bacon?”
A photo (p. 29) shows six large, square flats of pressed
tofu stacked atop one another, separated by boards. The
caption reads: “Bean curd, Taiwan style, is not sold in
fancy packages. But it’s clean, fresh, low in cost, and full of
excellent protein.”
In Taiwan, Dr. Doris C.N. Chang (photo, p. 27) is an
American-trained scientist looking for better ways to sprouts
soybeans and mung beans. Ton Yen Street in Taipei, known
as “the street of sprouts,” is where soybeans and mung beans
are grown in large crockery sprouting urns and watered
every 5 hours. A secret “hormone accelerator” may be added
to the water bath to make the sprouts grow faster, and have
them end up fatter with shorter roots. Doris Chang thinks it’s
an auxin-like material, probably a common weed killer like
2,4-D or 2,4,5-T; those herbicides kill plants by making them
grow too fast in a short time. In Taiwan Mr. Rodale also
visited AVRDC in Tainan; they were growing amaranth and
sweet potatoes.
Note: This is the earliest English-language document
seen (Nov. 2014) that contains the term “fake meats” (or
“fake meat”). Address: Emmaus, Pennsylvania.

presence and absence of nitrogen. “The growth regulators
were applied as foliar sprays onto soybean plants about 3
weeks old. The seeds were inoculated with a suspension of
mixed strains of rhizobia.
“Neither the growth regulators nor the combined N
affected total nodule number but there was an indication
of suppression of early nodulation by TIBA, B-9 and N...”
Address: Dep. of Biology, National Univ. of Malaysia, Kuala
Lumpur, Malaysia.

2097. Vanderhoef, Larry N.; Stahl, Catherine A.; Williams,
Cindi A.; Brinkmann, Kathleen A.; Greenfield, John C. 1976.
Additional evidence for separable responses to auxin in
soybean hypocotyl. Plant Physiology 57(5):817-19. May.

2104. Polacco, Joseph Carmine. 1976. Nitrogen metabolism
in soybean tissue culture: I. Assimilation of urea. Plant
Physiology 58(3):350-57. Sept.

2098. Anderson, Stephen J.; Phillips, Donald A. 1976. Effect
of protein additives on acetylene reduction (nitrogen fixation)
by Rhizobium in the presence and absence of soybean cells.
Plant Physiology 57(6):890-93. June.
2099. Lazan, Hamid. 1976. Effects of growth regulators and
combined nitrogen on growth and nodulation of soybean.
Malaysian Agricultural Research 5(1):9-17. June. [30 ref]
• Summary: The three growth regulators are dimethylamino
succinamic acid (B-9), gibberellic acid (GA) and
triiodobenzoic acid (TIBA). They were tested both in the

2100. Manos, Peter J.; Goldthwaite, Jonathan. 1976.
An improved cytokinin bioassay using cultured soybean
hypocotyl sections. Plant Physiology 57(6):894-97. June.
2101. Travis, Robert L.; Key, Joe L. 1976. Auxin-induced
changes in the incorporation of 3H-amino acids into soybean
ribosomal proteins. Plant Physiology 57(6):936-38. June.
2102. Magalhaes, Antonio C.; Peters, Doyle B.; Hageman,
Richard H. 1976. Influence of temperature on nitrate
metabolism and leaf expansion in soybean... seedlings Plant
Physiology 58(1):12-16. July.
2103. Boerma, H.R.; Marchant, W.H.; Parker, M.B. 1976.
Response of soybeans in Maturity Groups V, VI, VII, and
VIII to end-trimming. Agronomy Journal 68(5):723-25. Sept/
Oct. [7 ref]
• Summary: “The need for guard or border rows on yield
plots of soybeans... to control different competitive responses
of genotypes has been shown to be necessary (2, 3, 4, 6). The
need to control effects due to lack of competition at plot ends
(end effects) is less commonly accepted. Probst (5) showed
that removing 0.3 m from the end of yield plots sufficiently
controlled end effects. Cultivars responded differently with
respect to end effects but not enough to change relative
yields.” Address: 1. Asst. Prof. of Agronomy, Univ. of
Georgia, College Station (Athens).

2105. Quebedeaux, Bruno; Sweetser, Philip B.; Rowell,
John C. 1976. Abscisic acid levels in soybean reproductive
structures during development. Plant Physiology 58(3):36366. Sept.
2106. Adjei-Twum, Daniel C.; Splittstoesser, Walter
E. 1976. The effect of soil water regimes on leaf water
potential, growth, and development of soybeans. Physiologia
Plantarum 38(2):131-37. Oct. [28 ref]
• Summary: “Abstract: The growth and development
of soybeans (Glycine max L. cv. Amsoy) was studied at
soil matric potentials of -0.1 to -1.0 bars. Chlorophyll,
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photosynthesis, and leaf nitrogen per plant was greatest at
-4 bars leaf water potential.” Address: Dep. of Horticulture,
Univ. of Illinois, Urbana, Illinois 61801. Adjei-Twum’s
present address: Dep. of Horticulture, Univ. of Science &
Technology, Kumasi, Ghana.
2107. Helgerson, Sam L.; Cramer, William A.; Morré, D.
James. 1976. Evidence for an increase in microviscosity of
plasma membranes from soybean hypocotyls induced by
the plant hormone, indole-3-acetic acid. Plant Physiology
58(4):548-51. Oct.
2108. Keck, Robert W.; Ogren, William L. 1976. Differential
oxygen response of photosynthesis in soybean and Panicum
milioides. Plant Physiology 58(4):552-55. Oct.
2109. Soinit, Nasser; Kramer, Paul J. 1976. Water potential
and stomatal resistance of sunflower and soybean subjected
to water stress during various growth stages. Plant
Physiology 58(4):537-40. Oct.
• Summary:

2110. Bernard, R.L.; Hittle, C.N. 1976. United States
national soybean germ plasm collections. INTSOY Series
No. 10. p. 182-85. R.M. Goodman, ed. Expanding the Use
of Soybeans (College of Agric., Univ. of Illinois at UrbanaChampaign).
• Summary: A full-page table (p. 183) gives the following
information on soybean germ plasm collections worldwide:
Country and curator, address, number of accessions, nature
and origin of accessions. There are major collections in
the following places: Toulouse, France (500 accessions).
Amravati, Haharashtra (1,800), and Pantnagar, Uttar Pradesh
(4,000), India. Bogor, Indonesia (400). Hiratsuka, Kanagawa
prefecture (2,928), and Iwate University, Morioka (200
Glycine species), Japan. IITA, Ibadan, Nigeria (2,000).
Harbin, and Kirin Province, China. Pretoria, South Africa
(600). Suweon (300 Glycine species), and Cheong Kyang,
Seoul (1,300), Korea. Algot Holmberg and Soner AB,
Norrkoping, Sweden (1,200). AVRDC, Tainan (9,000), and
Taichung (2,800), Taiwan. Urbana, Illinois (4,100), and
Stoneville, Mississippi (1,700), USA. Leningrad, USSR

(2,500).
There are additional collections in Australia, Bulgaria,
Hungary, Philippines, [Southern] Rhodesia (Salisbury
[Harare]), and Romania.
Table 1. Divisions of USDA soybean germ plasm
collections (Urbana, Stoneville, Total). Table 2. Maturity
grouping of the USDA soybean germ plasm collection, 1976
(In the northern region [maturity group 00 to IV] there are
237 named varieties, 51 FC [Forage Crop] strains, 2,999 P.I.
[Plant Introduction] strains, and 3,287 total. In the southern
region [maturity group V to IX] there are 101 named
varieties, 39 FC [Forage Crop] strains, 1,514 P.I. strains, and
1,654 total).
Table 3. History of soybean introductions into the
United States. The earliest period given is 1898-1907;
the great surge in soybean introductions was in 1929-32
during the Dorsett-Morse expedition to East Asia; A total
of 11,594 strains have been introduced. Table 4. Maturity
grouping and origin of accessions through 1976 in USDA
wild soybean (Glycine soja Sieb. and Zucc.) germ plasm
collection (there are 361 accessions; Country of origin: Japan
180, Korea 134. China and Taiwan 32. USSR 15). Table 5.
Species distribution of USDA perennial Glycine collection,
1976 (8 species [G. canescens, G. clandestina, G. falcata,
G. latrobeana, G. tabacina, G. tomentella, G. wightii] and
161 accessions from Australia, India, Africa, Taiwan, Japan,
Philippines, Ethiopia).
Note: The assignment of FC numbers began in about
1911 and was discontinued in 1957. Address: USDA.
2111. Byth, D.E. 1976. Some concepts of soybean
improvement in the lower latitudes. INTSOY Series No.
10. p. 18-25. R.M. Goodman, ed. Expanding the Use of
Soybeans (College of Agric., Univ. of Illinois at UrbanaChampaign). [6 ref]
• Summary: Contents: Introduction. General considerations
of soybean improvement. Photoperiodic response and
adaptation. Regional adaptation and agronomic use. Plant
habit. Germ plasm base. Response to environments: Soils
and soil fertility, disease and pest resistance, environmental
adaptation. Seed quality: Chemical composition, physical
quality. Soybean rust is mentioned as a regionally important
disease that may affect soybean improvement in the lower
latitudes. Address: Dep. of Agriculture, Univ. of Queensland,
St. Lucia, Australia.
2112. Criswell, Jerome G.; Havelka, U.D.; Quebedeaux,
B.; Hardy, R.W.F. 1976. Adaptation of nitrogen fixation by
intact soybean nodules to altered rhizosphere pO2. Plant
Physiology 58(5):622-25. Nov. [23 ref]
• Summary: Continuous exposure to a pO2 of 0.06
atmospheres initially reduced nitrogenase activity by 37 to
45%, with restoration to original activity in 4 to 24 hours
and no further changes up to 95 hours. Continuous exposure
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to 0.02 atmosphere of O2 initially reduced activity 72%,
with only partial recovery by 95 hours. Exposure to a pO2
of 0.32 atmospheres had little effect. At 0.89, activity was
initially reduced by 98%, with restoration to only 14 to
24% of ambient controls after 95 hours. A time period was
required for readaptation to ambient. The internal adaptive
mechanism is undefined. Address: Central Research and
Development Dep., Experimental Station, E.I. du Pont de
Nemours & Co. Inc., Wilmington, Delaware 19898.
2113. Delouche, J.C.; Rodda, E.D. 1976. Seed quality and
storage of soybeans. INTSOY Series No. 10. p. 38-39. R.M.
Goodman, ed. Expanding the Use of Soybeans (College of
Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Attributes of seed
quality: Genetic purity, physical purity, germination (rate
should be 85% or higher), vigor. Quality of seed entering
storage: Field environment, harvesting and threshing. Drying
and storage.
“Soybean farmers in the United States recognized early
that soybean seed was somewhat different from the seed
of almost all other crops, such as maize, wheat, cotton, and
sorghum, with which they were familiar. Very often soybean
seed germinated poorly even immediately after harvest.
Germination further decreased during storage to the extent
that by the next growing season the seed was worthless for
planting. Ordinary seed-saving practices used by farmers for
self-pollinating crops that require replacement of the seed
only every three or four years did not, and still do not, work
well for soybeans...
“Soybean seed harvested when the moisture content
is above 14 percent must be dried to 13 percent or less
to maintain viability in bulk storage... In tropical and
subtropical areas, where the average annual temperature may
be as high as 25ºC or less and relative humidity of 60 percent
or less are maintained. Under these conditions soybean
seed of reasonably good quality when placed in storage will
remain viable for 8 or 9 months until planting. An alternative
to air-conditioned storage is to dry the seed to about 9
percent moisture and then package it in moisture-vapor-proof
packages. For this purpose polyethylene bags 10 mil (0.26
mm) thick or tightly sealed metal containers have proved
satisfactory.” Address: 1. Seed Technology Lab., Mississippi
Agricultural and Forestry Experiment Station, Mississippi
State Univ.; 2. Dep. of Agricultural Engineering, Univ. of
Illinois, Urbana.
2114. Herath, E. 1976. Cultivation and uses of soybeans
in Sri Lanka. INTSOY Series No. 10. p. 250-52. R.M.
Goodman, ed. Expanding the Use of Soybeans (College of
Agric., Univ. of Illinois at Urbana-Champaign).
• Summary: Contents: Introduction. Cropping patterns.
Cultivation practices. Harvesting and storage. Varietal
improvement. Fertilizer and plant nutrition studies.

Microbiological investigations. Crop physiology studies.
Seed storage, quality, viability, and seedling vigor. Utilisation
research: Soybean milk and milk products, soy flour, soybean
dhal, cooking time and storage, additional research planned.
Extension.
“Plantation agriculture, with crops of tea, rubber,
coconut, cocoa, and spices, forms the basis of Sri Lanka’s
economy. However, these crops, which are grown in the
central highlands and in parts of the intermediate zones,
comprise only a minor part of the total acreage of 16.2
million acres situated for the most part in the relatively
underdeveloped dry zone...
“Soybean is a relatively new crop, having been
introduced to farmers only in 1972. At present the acreage
under soybeans is negligible and is confined primarily to
a few large, privately-owned farms and to many small,
scattered plots in the dry and intermediate zones. Production
areas should total nearly 8,000 acres for 1976.”
The Yala season (dry) is April to September. The Maha
season (rainy / rain-fed) is October to February.
“The most significant contribution to soybean cultivation
recently has been the introduction of commercial inoculants.
Until this breakthrough, soybean yields and performance
were erratic... With these inoculants all soybean varieties
performed significantly better, giving consistently high yields
of up to 3,540 pounds per acre in research plots.”
“In the 1973 coordinated varietal trials, yields of 3,000
to 4,000 kg per hectare were recorded from the Asian variety
Pb-1 and from the American varieties Hardee, Lee, Bragg,
and Improved Pelican.” Address: Dep. of Agriculture,
Central Agricultural Research Inst., Peradeniya, Sri Lanka.
2115. Russell, J.S.; Lawn, R.J. 1976. Current status of
soybeans in Australia. INTSOY Series No. 10. p. 21921. R.M. Goodman, ed. Expanding the Use of Soybeans
(College of Agric., Univ. of Illinois at Urbana-Champaign).
[16 ref]
• Summary: Contents: Introduction. Varieties. Agronomy.
Diseases. Insects and weeds. Research.
“Although soybeans were grown in Australia over 50
years ago, it is only in the last 5 years that the crop has
become significant. In the past, only small areas were sown
to soybeans because suitable varieties were not available
and because there was no awareness of the importance
of photoperiodic response with respect to adaptation and
agronomic and cultural practices. Climate has also restricted
expansion of soybean production, and undoubtedly will
continue to be a problem, because only small areas of
Australia have adequate summer rainfall.”
A table shows: In 1968-69 only 1,739 tonnes were
produced on 2,090 ha (mean yield: 832 kg/ha). Major
expansion began in 1970-71. In 1974-75 some 68,750 tonnes
were produced on 50,500 ha (mean yield: 1,361 kg/ha).
Most of the current production is in Queensland, with the
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remainder principally in New South Wales. A considerable
proportion of the areas sold, especially in New South Wales,
is irrigated. Production occurs largely between 26º and 33º
south latitude and much of the future expansion should occur
in this region. Address: CSIRO (Commonwealth Scientific
and Industrial Research Organization), Div. of Tropical
Agronomy, Brisbane, Queensland, Australia.
2116. Shanmugasundaram, S. 1976. Important considerations
for the development of a soybean classification system
for the tropics. INTSOY Series No. 10. p. 191-95. R.M.
Goodman, ed. Expanding the Use of Soybeans (College of
Agric., Univ. of Illinois at Urbana-Champaign). [20 ref]
• Summary: Contents: Introduction. Soybean classification
systems. Inapplicability of existing classification systems in
the tropics. Factors to be included in a tropical classification
system. Proposed tropical soybean classification system.
“Because of their photoperiod sensitivity, varieties from
the temperate zone flower too soon and mature too early
when grown in the tropics and subtropics. Thus, a variety’s
range of adaptation is limited (Cartter and Hartwig, 1963).
However, experimental results show that varietal differences
in response to photoperiod do exist in soybeans...
The “AVRDC soybean germ plasm collection is being
screened to identify photoperiod insensitive genotypes,
which are necessary if duration-fixed varieties with wide
adaptability are to be developed.
“Soybean Classification Systems:... The first
classification based on maturity was developed by Piper
and Morse (1923 [p. 159]), who classified the germ plasm
into seven groups: very early, 81 to 90 days; early, 91 to
100 days; medium early, 101 to 110 days; medium, 111 to
120 days; medium late, 121 to 130 days; late, 131 to 150
days; and very late, more than 150 days.” Address: AVRDC,
Taiwan.
2117. Sisson, V.A.; Miller, P.A.; Campbell, W.V.; Van Duyn,
J.W. 1976. Evidence of inheritance of resistance to the
Mexican bean beetle in soybeans. Crop Science 16(6):83537. Nov/Dec. [4 ref]
• Summary: “Recently Van Duyn et al. (1971), after
extensive screening of the United States Regional Soybean
Laboratory germplasm collection for maturity groups VII
and VIII, identified three plant introductions as being highly
resistant, PI 229358, PI 227687, and PI 171451, and several
others, including PI 229321, as being resistant.” Address:
North Carolina Agric. Exp. Station, Raleigh.
2118. Summerfield, R.J.; Minchin, F.R. 1976. An integrated
strategy for daylength and temperature-sensitive screening
of potentially tropic-adapted soyabeans. INTSOY Series No.
10. p. 186-91. R.M. Goodman, ed. Expanding the Use of
Soybeans (College of Agric., Univ. of Illinois at UrbanaChampaign). [31 ref]

• Summary: Contents: Introduction. Predictive schemes and
screening techniques. Experimental background. Integrated
screening strategy. Discussion. Acknowledgments.
“It has long been recognized that appropriate adaptation
to daylength is important in soyabeans. Indeed, scores of
scientists... have written about the effects of photoperiod on
floral induction... As Howell noted in 1960, ‘There appears
to be no case in which a soybean variety is indifferent in
its response to day length.’ Howell again made a similar
observation in 1963 and Weber in 1968. More recently, day
neutrality with respect to the onset of flowering, especially
for varieties from early maturity groups, has been reported
by Criswell and Hume (1972) and Polson (1972), among
others.
“Unfortunately, research related to the effects of
temperature on flowering has been markedly neglected
despite early observations by Steinberg and Garner (1936)
and Parker and Borthwick (1943) that cool temperatures,
particularly at night, can reduce the response of soybeans
to inductive photoperiods. Too often neither day nor night
temperatures have been precisely controlled (Polson, 1972) if
at all (Byth, 1968).”
The paper then discusses a new integrated approach
in which both daylength and temperature are carefully
controlled. Address: Reading Univ., Shinfield, England.
2119. Anders, M. 1976. Soybean variety studies in Tonga.
Fiji Agricultural Journal 38(2):77-80. July/Dec. New Series.
[3 ref]
• Summary: On 10 March 1971, in the first experiment,
eighteen soyabean varieties were directly seeded into
three replications of a completely randomized block field
design. Each plot contained rows 15 meters long, with 90
cm between rows and 4 cm between plants. The soil was
Vaini Clay, which consists of two volcanic ash layers over a
limestone coral base. The seeds were not inoculated. The plot
was fertilized and sprayed with Maneb and Sevin for disease
and insect control. Each plot was harvested 110 to 142 days
after sowing.
On 8 April 1971, in experiment No. 2, six more varieties
were planted. On 4 August 1971, in experiment No. 3,
sixteen varieties were planted; all but two had been used in
trials 1 or 2. In replication 4, seed inoculation was first used.
On 27 June 1973, in experiment No. 4, nine varieties were
planted, only two of which had appeared in the 1971 trials.
Seed inoculation was used for all varieties. Observations
on individual plants showed that seed inoculation increased
plant yield by about 50%. Photoperiodicity was found to be
an extremely critical factor. Varieties in Maturity Groups VIVIII were found to be best adapted to the shorter daylengths
of lower latitudes and Tonga winter.
Table 1 shows the results (days to harvest and yield in
tonnes/ha) of the four field experiments using 35 varieties
tested. Another 32 varieties were grown in observation plots
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in Tonga during 1971 to 1976.
After evaluating all the yield and timing observations,
six varieties were selected as having potential as good
producers in Tonga for specific planting times: HLS 147
(best yield of all varieties and all trials: 3.8 tonnes/ha), Heron
36, Improved Pelican, Davis, and Clark 63. Jupiter was
selected as having potential for extended planting times.
Note 1. This document contains the earliest date seen for
soybeans in Tonga or the cultivation of soybeans in Tonga
(10 March 1971). The source of these 1971 soybeans is
unknown but HLS 147 probably came from Tanzania–where
“HLS” stands for “Hernon Light Speckled” (see Auckland
1966). The source of the soybeans planted in June 1973 was
INTSOY at the University of Illinois.
Note 2. Letter from Tevita F. Holo, Head of Research
Division, Ministry of Agriculture and Forestry, Research
Division, Vaini Research Station, P.O. Box 14, Nuku’alofa,
Kingdom of Tonga. The location of the 1971 soybean trial
was at the Vaini Research Station, Nualei, 8 miles east of
Nuku’alofa, which in 1990 became the capital of Tonga.
Note 3. Other documents show that the author’s full
name is Merle M. Anders. Address: Research Div., Ministry
of Agriculture, Tonga.
2120. Quebedeaux, Bruno; Havelka, U.D.; Livak, K.L.;
Hardy, R.W.F. 1976. Effect of altered pO2 in the aerial part
of soybean on symbiotic N2 fixation. Plant Physiology
56(6):761-64. Dec. [18 ref]
• Summary: Nitrogen fixation was increased by CO2/
O2 ratios greater than ambient. Effects of altered pO2
were consistent with the hypothesis that the amount of
photosynthate available to the nodule may be the most
significant primary limiting factor in N2 fixation, while sink
activity of the reproductive structures may be a secondary
factor. Address: Central Research and Development Dep.,
Experiment Station, E.I. du Pont de Nemours and Company,
Wilmington, Delaware 19898.
2121. Samimy, Cyrus; LaMotte, Clifford E. 1976.
Anomalous temperature dependence of seedling
development in some soybean (Glycine max [L.] Merr.)
cultivars: Role of ethylene. Plant Physiology 58(6):786-89.
Dec. [17 ref]
• Summary: “In Clark and Shelby soybean (Glycine max
[L.] Merr.) seedlings, hypocotyl elongation was inhibited
and hypocotyl swelling and root dry weight were increased
by a temperature of 25ºC. At 20 and 30ºC, development was
normal, as was development of Hawkeye and Mandarin
soybean seedlings at all three temperatures.” Address: Dep.
of Botany and Plant Pathology, Iowa State Univ., Ames,
Iowa 50011.
2122. Seigler, David S. 1976. Plants of the northeastern
United States that produce cyanogenic compounds.

Economic Botany 30(4):395-407. Oct/Dec. See p. 402. [68
ref]
• Summary: Approximately 200 species of plants from
45 families are known to contain compounds capable of
liberating hydrogen cyanide upon hydrolysis. Gibbs (1974)
found an unknown cyanogenic compound in the soybean.
Address: Dep. of Botany, Univ. of Illinois, Urbana, Illinois.
2123. Stafleu, Frans A.; Cowan, Richard S. 1976-1988.
Taxonomic literature: A selective guide to botanical
publications and collections with dates, commentaries,
and types. 2nd ed. Utrecht, Netherlands: Bohn, Scheltema
& Holkema. 7 volumes. Index to titles. Index to names
(authors). Series: Regnum Vegetabile 94, 98, 105, 110, 112,
115-16. First edition was 1967, 1 volume (556 p.). 25 cm.
• Summary: In the botanical world, this authoritative
and comprehensive work is called “TL2.” It is organized
alphabetically by author surname.
2124. Gunasena, H.P.M.; Gunasena, P. 1976. A statistical
evaluation of the accuracy of leaf length times maximum
leaf width correlation method in the estimation of leaf
area of soyabean Glycine max L. Merr. J. of the National
Agricultural Society of Ceylon 13:95-100. *
2125. Hashimoto, Koji; Yamamoto, Tadashi. 1976. [Studies
on cool injury in bean plants. VII. Sensitive stages to sterile
type low temperature injury during floral bud development
in relation to nitrogen status of soybean plants]. Nippon
Sakumotsu Gakkai Kiji (Proceedings of the Crop Science
Society of Japan) 45(2):288-97. [16 ref. Eng; jap]
• Summary: “Summary: This experiment was designed
to determine the most sensitive stage to sterile type low
temperature injury, the decrease in pod setting percentage
(pod setting rate) and fertile seed percentage, with the plants
grown under different N condition by being subjected to
shorter periods of low temperature as 6 or 9 days.
“When the N percentage of the plants is high under low
temperature, the sensitive ages of floral buds to the sterile
type low temperature injury are during the period between
13 and 5 days before flowering and the highly sensitive ages
are during the period between 11 and 7 days before flowering
corresponding to the stages of floral bud development from 1
or 2 days before the differentiation of the anther primordium
via meiosis to the tetrad.
“A considerable decrease of the pod setting percentage
was observed in the plants maintaining high N status during
a 6-day treatment of low temperature despite the floral buds
developed under a favorable condition for the last 7 to 9 days
before flowering. This result indicates that an irreversible
damage occurs during the floral bud development under
low temperature. It can be said that the damage on a certain
step of stamen development which leads to a failure of
fertilization due to abnormalities in the organ occurs easier
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when the N percentage of the plant is high under low
temperature.
“The flowers whose ages are a few days younger or
older than the sensitive stage can escape from the damage
due to low temperature.
“High N status in the plants is not always detrimental,
but it is detrimental during definite stages of floral bud
development.” Address: Hokkaido National Agric. Exp.
Station, Hitsujigaoka, Sapporo, 061-01, Hokkaido.
2126. Schuster, W.; Jobehdar-Honarnejad, R. 1976. Die
Reaktion verschiedener Sojabohnensorten auf Photoperiode
und Temperatur [The response of various soybean cultivars
to photoperiod and temperature]. Zeitschrift fuer Acker- und
Pflanzenbau (J. of Agronomy and Crop Science) 142:1-19.
[42 ref. Ger; eng]
• Summary: “The genotypically determined properties of
ten soybean cultivars from different geographical locations
throughout the world (USA, Canada, South Africa, Germany,
Sweden and Rumania) were studied in pot experiments.
These were carried out in controlled climatic conditions in a
phytotron at two temperatures and two different day length
periods. The object of this investigation on the ten soybean
genotypes was to separate the superimposing interacting
effects of temperature factors and responses to day length
provided in common field experiments. The results may be
summarised as follows:
“1. Distinct differences exist between cultivars with
regard to day length and temperature conditions. The
cultivars Caloria, Gieso, Altona, Merit, Corsoy and Fiskeby
react as long day plant in the high as well as the low
temperature range, and an 18 hour day shortens the time
from sprouting to anthesis [flowering]. Contrary to this the
cultivar Geduld showed a pronounced short day response.
“2. All the cultivars reacted to the reduction in
temperature by an increase in the vegetation period. The
extent of the delay in development differed between
individual cultivars. The cultivars Beeson, Lee and
F66/602 reacted to long day conditions together with high
temperatures as short day plants, whereas under lower
temperature conditions they showed long day reactions. The
effects of day length and temperature were also expressed
in the length of flowering and in the vegetation period from
flowering to ripening.
“3. In all cases the rate of growth and the height of
growth was greater in high temperatures and long day
conditions. A number of interacting effects between climate
and cultivars were produced by high temperatures under
short day, and low temperatures under long day conditions.
The cultivars Caloria, Gieso and Geduld produced higher
growth in short day conditions at higher temperatures, than
in long day conditions at lower temperatures.
“4. Interactions were produced between the cultivars
and both day length periods at high temperatures in relation

to the total lipid content and fatty acid composition. Fiskeby
and Merit which had the highest total lipid contents of all
cultivars showed higher values in short than in long day
conditions. For the remaining cultivars the total lipid content
in the seeds was higher under long day conditions.
“For the cultivars Caloria and Gieso long day conditions
decreased the contents of linolenic acid as well as the acid
oil content. The converse results were found for the cultivars
Merit and F66/602. In both these cultivars a more favourable
fatty acid pattern (high linoleic and low linolenic acid
contents) was found under long day conditions.”
Contains 5 figures and tables.
Note: This is the earliest document seen (June 2020) that
mentions “low linolenic.” Address: Institut fuer Pflanzenbau
und Pflanzenzuechtung der Universitaet, Ludwigstrasse 23,
63 Giessen, West Germany.
2127. Soldati, Alberto. 1976. Abklaerung von Komponenten
des Ertragsaufbaues bei der Sojabohne (Glycine Max (L.)
Merr.) unter verschiedenen klimatischen Bedingungen in der
Schweitz [Clarification of the components of the yield of the
soybean under various climatic conditions in Switzerland].
Dissertation ETH (Eidgenössische Technische Hochschule
Zürich = Swiss Federal Institute of Technology Zurich) No.
5732. 21 cm. [Ger; fre; eng]*
Address: Swiss Federal Inst. of Technology (ETH), CH-8092
Zurich, Switzerland.
2128. Adjei-Twum, D.C. 1976. Studies on the germination,
growth, and development of soybean [Glycine max. (L)
Merr.] used as a vegetable. PhD thesis, University of Illinois,
Urbana-Champaign, Illinois. *
• Summary: 3-day-old soybean sprouts were most
acceptable, whereas 6-day-old sprouts were least acceptable.
Further, there was no significant difference in acceptability or
flavor between 5-day-old mungbean and 3-day-old soybean
sprouts. 3-day-old soybean sprouts should be used when the
priority is on flavor and 6-day-old soybean sprouts when the
emphasis is on digestibility. Address: Univ. of Illinois.
2129. Bernhardt, C.F. 1976. The legume food crops. In: M.A.
Rifai, ed. 1976. ASEAN Grain Legumes. Bogor, Indonesia:
Central Research Institute of Agriculture. 225 p. See p. 2985.
• Summary: “The Chinese did not, nor do not, grind up
soybeans to mix with cereals to form a meal or boil them
whole like other legumes such as peas or lentils. Prepared in
the latter manner they have an unattractive flavour and are
not too digestible. In the earliest Chinese writings, there is no
mention of the use of soya as a source of oil. Some evidence
exists that methods of extracting oil were evolved around
the 4th century A.D... To sum it up, soybeans require special
treatment to make them an acceptable human food.
“Legumes assume greater importance in countries where
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starchy roots and fruits (cassava, yam, taro, sweet potatoes
and bananas) replace cereals to a large extent as staple
foods. The starchy roots and fruits are so poor in protein that
they do not meet the protein requirements of even adults
when consumed in quantities sufficient to cover the calorie
requirements and still less when considering children and
mothers.”
Concerning the history of legumes: “Legumes are plants
belonging to the Leguminosae family, which is the second
largest family of seed plants. Altogether there are about 600
genera with 13,000 species. The word legume is derived
from the Latin legumen which means any leguminous plant.
An alternative name for edible seed of leguminous plants is
pulse derived from the Latin puls, meaning pottage... The
English term legume dates back to about the 17th century
[1676].
“Legumes are among the earliest crops to be cultivated
by man, going back to Neolithic times when man was
changing from hunting and food gathering culture to a food
producing society. Often in the old world this is termed ‘The
Food Producing Revolution,’ which probably took place
between the 9th and 5th millennia B.C. This revolution was
centered in what was called the ‘Fertile Crescent’ in the Near
East...
“Remains of peas and lentils have been found at Halicar
(Turkey) in about 5,500 B.C. (dated by carbon)... Findings
at Jarno [sic, Jarmo, which is an archeological site located in
today’s Iraq, in Iraqi Kurdistan in the foothills of the Zagros
Mountains east of Kirkuk city] in Turkistan may antedate the
Halicar find by perhaps a millennium, so it can be safely said
that legumes have been eaten by man for some 8,000 years.
Legumes also appear early in the development of agriculture
in the new world. Remains of... kidney beans have been
found in the caves near O’Campo (Mexico) which date
back to around 4,000 B.C. or perhaps earlier... Remains of
cultivated peas have been found in the Neolithic lake village
in Switzerland dating back to approximately 4,500 B.C...
Remains of lentils have been found in the Egyptian tombs of
the 12th dynasty (2,400-2,200 B.C.). Preparation of a lentil
soup was depicted in a fresco at the time of Rameses III
(1,200 B.C.)... Lentils are the first legume to be mentioned in
the Bible in the 25th Chapter of Genesis.”
Note: Turkistan or Turkestan is an historical region of
Central Asia, usually thought to comprise Turkmenistan,
Uzbekistan, Kyrgyzstan, Tajikistan, southern Kazakhstan,
western China, and northeast Afghanistan. Address: C.P.C.
International (Asia) Ltd., Hongkong.
2130. Brun, W.A. 1976. The relation of N2 fixation to
photosynthesis. In: L.D. Hill, ed. 1976. World Soybean
Research [Conference I: Proceedings]. Danville, Illinois:
Interstate Printers and Publishers, Inc. xvii + 1073 p. See p.
135-43. [12 ref]
• Summary: “In spite of the large amount of research on

symbiotic N2 fixation in soybeans and other legumes, there
still exists a critical need for further elucidation of the
controlling parameters of this process under field conditions.
A number of recent investigations [4, 5, 6, 7, 8] have implied
that the supply of photosynthetic substrates to soybean
nodules may constitute one severely limiting factor to N2
fixation. What I would like to do today is to briefly review
some of the evidence which points in this direction and then
speculate a little on the implications of such a control system
and how we, as crop physiologists, can hope to capitalize on
our understanding of this limitation.
“First of all, there is a fairly large body of literature
(which I am not going to review) on the biochemical
requirements of the process. Most of this work has been
done with free-living microbial N2 fixers, either aerobic
or anaerobic. In general the process requires at least three
things besides the nitrogenase enzyme: (1) A reductant. This
appears to be ferredoxin in Clostridium and other anaerobic
bacteria, while in aerobic bacteria it may be NADPH. (2)
An energy source in the form of ATP. In the nodule this
presumably comes primarily from oxidative phosphorylation
of respiratory substrates supplied by the host. For this reason
symbiotic N2 fixation requires 02, although the nitrogenase
enzyme system itself is anaerobic and only capable of
functioning in an aerobic environment in the presence of
leghemoglobin. (3) Some metabolic system for the removal
of the NH produced. This involves the synthesis of amides
and amino acids and requires carbon skeletons supplied
by the host metabolism.” Address: Assoc. Prof., Dep. of
Anatomy and Plant Genetics, The Univ. of Minnesota, St.
Paul, MN.
2131. Gunasena, Preethi; Senanayake, Y.D.A.; Gunasena,
H.P.M. 1976. Some aspects of flower production, abscission
on pod formation in soyabean, Glycine max L. Merr. J. of the
National Agricultural Society of Ceylon 13:31-48. [6 ref]
• Summary: “Variety or population had no effect on flower
production and in both experiments flowering was abundant
in nodes 2 to 5 of the main stem. The percentage of flower
abscission varied according to varieties, and their location in
the main stem and branches. There was no consistent pattern
in flower abscission which varied between 11-88%. The
period from the first to the last date of flower abscission, the
abscission range, also varied according to variety and flower
position in the main stem nodes and branches, the average
for both being 9-23 days after flower initiation.
“In the field experiment final seed yield was not of
affected by variety, while wider spacing increased all yield
components and significantly increased final seed yield per
plant over the closer spacing due to greater flower production
and pod set.” Address: Dep. of Crop Science, Faculty of
Agriculture, Univ. of Sri Lanka, Peradeniya Campus.
2132. Hortus Botanicus Centralis Akademiae Scientiarum
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RSS Turcomaniae (Turkmen SSR). 1976. Delectus seminum
quae Hortus Botanicus Centralis Akademiae Scientiarum
RSS Turcomaniae pro mutua commutatione offert [List of
seeds offered for exchange by the Central Botanical Garden
of the Scientific Academy, Turkmen SSR]. Ashkabad,
Turkmen SSR. 32 p. 22 cm. [Lat; Rus]
• Summary: Plants are listed by families in Latin. Under
Leguminosae is “119. Glycine hispida (Moench) Maxim.” A
symbol indicates that it was grown at the Botanical Gardens.
Address: Ashkabad, Turkmen SSR.
2133. Hymowitz, T. 1976. Soybeans. In: N.W. Simmonds,
ed. 1976. Evolution of Crop Plants. London and New York:
Longman. xii + 339 p. See p. 159-62. [10 ref]
• Summary: “Introduction: The soybean is the most
important legume grain crop in the world in terms of total
production and international trade...
“Cytotaxonomic background: Plant breeders and
geneticists attempting to improve the soybean have often
been frustrated by the state of confusion concerning its
taxonomy. Over 280 species, subspecies and taxonomic
varieties have been listed under Glycine. Fortunately, recent
studies by Hermann (1962) and Verdcourt (1966, 1970) have
greatly clarified the taxonomy of the genus Glycine. There
are nine species listed here.
“Early history: Probably, the eleventh century B.C. date
will be pushed back in time as additional archaeological
evidence is uncovered in the People’s Republic of China.
“Recent history: However, starting in 1924, soybeans
began their almost incredible rise to prominence in the
United States... The northern central states of Illinois, Iowa,
Missouri, Indiana, Minnesota and Ohio produced 66 per
cent of the US total and the Mississippi river delta states of
Arkansas, Mississippi, Louisiana and Tennessee produced
16 per cent... Starting in the 1940s, the US Department of
Agriculture initiated a programme to maintain germplasm
and to screen the germplasm for certain economic traits...
Soybeans are responsive to day length.
“Prospects: The last major international collecting effort
was made by W.J. Morse and P.H. Dorsett... collected over
4,000 soybean seed samples. Unfortunately, less than onethird of their collection still survives. The other seed was
either thrown out or lost. Obviously, a new effort must be
undertaken to collect soybean seed samples from the Orient
to provide new germplasm for contemporary plant breeders...
Soybean breeding, thus far, has been directed towards the
needs of temperate countries. The trend in the next decade
will be toward breeding the crop for subtropical and tropical
countries.” Address: Univ. of Illinois, Urbana, Illinois.
2134. Lawn, R.J.; Byth, D.E. 1976. Soybean. In: J.V. Lovett
and Alec Lazenby, eds. 1976. Australian Field Crops. Vol. 2:
Tropical Cereals, Oilseeds, Grain Legumes and Other Crops.
Sydney: Angus & Robertson Publishers. 328 p. See p. 198-

231. [152 ref]
• Summary: An excellent review of the literature from
an Australian viewpoint. Contents: Introduction. Uses.
Taxonomy, origin, and distribution. Morphology. Crop
growth and development: Seedling establishment, vegetative
and development, reproductive growth and development,
root growth, nodulation and nitrogen fixation. Eco-physical
basis of adaptation: Photoperiod, temperature, soils, water
requirements. Soybean improvement in Australia: Plant
introduction, cultivars in Australia, soybean breeding,
priorities for breeding in Australia (germplasm base,
breeding for specific environmental adaptation, diseases
and insects, seed quality, nutritional responses). Agronomic
principles and practice: Planting date, population and row
width, planting, weed control, pests and diseases (insects,
diseases). Research needs.
The soybean belongs to the family Leguminosae, subfamily Papilionoideae, and the genus Glycine L. The first
formal soybean breeding program in Australia was started
by CSIRO in 1958 in southeastern Queensland; prior to
that useful selection had been conducted by the Queensland
Department of Primary Industries. Until the late 1960s
only small soybean areas existed in Australia (500-2,000
ha) mainly in the South Burnett region. Major expansion
began in 1970-71, and has continued to the present, so that
Australian production is now nearing local demand. Most
of the current commercial soybean production occurs in
Queensland, in the Darling Downs and St. George, the
Fassifern, Lockyer and Brisbane Valleys, and the South
Burnett region. The major production area in New South
Wales is centered in the Gwydir and Naomi Valleys on
the northwestern plain, with smaller areas in the coastal
Northern Rivers District, and in the Lachlan and Macquarie
Valleys of the central west. Irrigated farms account for
most of the soybean area, particularly in New South Wales.
It appears likely that most of the production will continue
to be irrigated in the in the major grain-producing areas
of Australia, although dryland acreage is expanding in the
coastal and sub-coastal areas, an in northern Queensland.
“Most of the current soybean production in Australia is
carried out under contract to the major processors, and is
used primarily for oil and meal production.”
In recent years, active soybean introduction and/
or evaluation programs have been pursued by various
organizations in Queensland and New South Wales, and to a
lesser extent in other states of Australia. Most of the current
cultivars are direct accessions of named cultivars from the
USA. Exceptions include the cultivars Wills and Semstar
(farmer releases in Queensland, and the most widely grown
cultivars, particularly in Queensland) and Gilbert, Ross,
and Daintree. The last three cultivars were developed from
a cross of Mamloxi (CPI 17192 from Nigeria) x Avoyelles
(CPI 15939 from Tanzania) by D.E. Byth, and were released
for low latitude use in 1970-71. Address: 1. CSIRO Div.
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of Tropical Crops and Pastures, Brisbane; 2. Dep. of
Agriculture, Univ. of Queensland, Australia.
2135. Novikova, A.A. 1976. [Effect of illumination duration
on chlorophyll contents in leaves of short-, medium-, and
long-day plants]. Doklady Akademii Nauk BSSR 20(3):272273. [14 ref. Rus]*
Address: Institut Eksperimental’noi Botaniki, Minsk,
Belorussian SSR.
2136. Shanmugasundaram, S. 1976. AVRDC soybean
improvement programme. In: M.A. Rifai, ed. 1976. ASEAN
Grain Legumes. Bogor, Indonesia: Central Research Institute
of Agriculture. 225 p. See p. 125-27.
• Summary: Contents: Introduction. Yield potential of the
soybean. Taiwan’s soybean culture as a model. AVRDC’s
soybean programme.
“Introduction: Population growth in the developing
Asian countries continues unabated. The urgent need for
increased protein production in the Asian countries cannot be
underestimated. Permanent brain damage in young children
has been proved to be a consequence of protein deficiency in
the diet.
“Around the world the soybean is one of the most
important food and feed crops–a crop that is rich in protein.
Before 1973 there was no international institution located
in the Asian continent which was giving major attention
to soybean improvement. Realizing the pressing necessity
for an all out attack, The Asian Vegetable Research and
Development Center (AVRDC) launched its soybean
improvement programme in March 1973.
“The primary objective of AVRDC’s soybean
improvement programme is to develop suitable varieties
and determine appropriate agricultural practices that will be
profitable for soybean production in low latitude, tropical
and subtropical Asia.”
“Taiwan enjoys the tropical luxury of three cropping
seasons for soybeans. However, more than 75% of the
total acreage is planted during the fall. Nearly all soybean
production is confined to the southern part of Taiwan. The
principal reason for this is that the soybean crop in Taiwan is
tailored to fit between two rice crops.”
One focus of AVRDC’s soybean programme is to
identify varieties that are relatively photoperiod insensitive /
day-neutral. Address: AVRDC, Shanhua, Taiwan.
2137. Sloger, Charles. 1976. Biochemistry of N2 fixation. In:
L.D. Hill, ed. 1976. World Soybean Research [Conference
I: Proceedings]. Danville, Illinois: Interstate Printers and
Publishers, Inc. xvii + 1073 p. See p. 125-34. [30 ref]
• Summary: “Introduction: Together, the soybean plant
and the Rhizobium japonicum in its root nodules form
an efficient and agriculturally important cooperative for
biological N2 fixation. Energy is required for this enzymatic

reaction. The plant produces the potential chemical energy
by photosynthesis. Photosynthate is translocated to the
root nodules and there metabolized to produce energy-rich
compounds which are utilized for the reduction of N2 to
ammonia, which is then assimilated by the plant. This paper
will present a concise description of the biochemistry of N2
fixation and the essential related pathways occurring in the
Rhizobium-soybean symbiosis.” Address: Plant Physiologist,
Cell Culture and Nitrogen Fixation Lab., Plant Physiology
Inst., ARS, USDA, Beltsville, Maryland.
2138. Soldati, Alberto. 1976. Abklaerung von Komponenten
des Ertragsaufbaues bei der Sojabohne (Glycine max (L.)
Merrill) unter verschiedenen klimatischen Bedingungen
in der Schweiz [Clarification of the components of yield
structure in the soybean under different conditions in
Switzerland]. Dissertation No. 5732 ETH [Eidgenössische
Technische Hochschule] Zurich. [Ger]*
• Summary: Note: Eidgenössische Technische Hochschule
is translated as “Federal Institute of Technology.” Address:
Swiss Federal Inst. of Technology, Dep. of Crop Science,
ETH Zentrum, CH-8092 Zurich, Switzerland (Inst. fuer
Pflanzenbau der Eidgenoessischen Technischen Hochschule,
Zuerich).
2139. Stripf, Rainer; Werner, D. 1976. Untersuchungen
ueber die spezifischen Aktivitaeten zweier Enzyme des
N-Stoffwechsls der Symbiose von Glycine max und
Rhizobium japonicum in Gewebekultursystemen und
Knoellchen [Investigations into the specific activities of two
enzymes of N-metabolism in Glycine max and Rhizobium
japonicum symbiosis in tissue culture and nodules]. Berichte
der Deutschen Botanischen Gesellschaft 91(2-3):575-86. [32
ref. Ger; eng]
• Summary: “As part of a research programme on the
differentiation of the legume-rhizobium symbiosis the
specific activities of the transaminases GOT and GPT
in nodules and in a Glycine max / Rhizobium japonicum
tissue culture association are compared. The influence
of different growth media on these activities relative to
protein content and fresh weight was studied. The specific
activities can be regarded as biochemical criteria in the
strains Acme and Mandarin of G. max in evaluating the
optimism subculturing period. Nodules of G. max infected
with R. japonicum have significantly higher GOT and GPT
activities than uninfected root tissue. In both systems GOT
activity was several times the GPT activity. Therefore
these enzymes could be considered as specific indicators
of nodule development. In addition to the estimation of
nitrogenase activity, transaminase activity could become a
wider criterion of ‘activity’ of nodules. The tissue culture
system shows a similar ratio of GOT and GPT activities to
those in nodules, but the specific activities are lower and do
not increase after addition of rhizobia.” Address: Botanisches
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Institut, Fachbereich Biologie, Univ. of Marburg, Lahnberge,
Marburg, W. Germany.
2140. Tanner, J.W.; Hume, D.J. 1976. The use of growth
chambers in soybean research. In: L.D. Hill, ed. 1976. World
Soybean Research [Conference I: Proceedings]. Danville,
Illinois: Interstate Printers and Publishers, Inc. xvii + 1073 p.
See p. 342-51. [29 ref]
• Summary: Contents: Introduction. Light: light quantity,
light quality, light duration, temperature. Other controllable
factors.
“Controlled environment chambers and rooms have
been utilized for soybean research since their introduction. In
theory, the main advantage which growth chambers offer is
reproducibility because all factors of the plant environment
can be controlled. Also, growth chambers, like greenhouses,
present the researcher in the temperate zone with the means
to conduct research during the winter. Finally, because
environmental factors can be controlled, the researcher can
achieve conditions unavailable in the field. While many of
the procedures and problems involved in growing plants in
greenhouses and growth chambers are common, there are
some problems unique to chambers.
“Chambers are used by almost all soybean researchers
at some stage. However, the requirements regarding the
quality of plant growth differ by discipline. To a large group
of researchers, whether the plant looks like a field-grown
soybean may not matter. A few green leaves may be all that
is required by a plant biochemist running an enzyme assay;
a pod or two with viable seed may be all that a breeder
requires; for the entomologist, a soybean may represent
nothing more than an insect pasture; for the pathologist,
a green leaf provides a nice contrasting background for
chlorosis, necrosis, lesions and halos; the fertility researcher
may look upon the plant as little more than a bag of mineral
nutrients. For another group of researchers, however, it
is highly desirable, indeed almost essential, to produce a
soybean that looks like a soybean.” Address: Dep. of Crop
Science, Univ. of Guelph, Guelph, ONT Canada.

a Japanese botanist (1883-1953). The type specimen of this
species, collected by Koidzumi in Miyako, is probably in the
Kyoto herbarium, but was not seen by the author.
Glycine clandestina Wendl. is known locally as
Bako-Yabu-Mame. This vernacular name appears on the
label of the type of Glycine pescadrensis Hayata in the
herbarium of the National Taiwan University. This is based
on the following citation which mentions G. pescadrensis:
Hayata, Bunzo. 1920. Icones plantarum Formosanarum.
Contributions to the flora of Formosa. 9:26. (As syn.
determined by Hermann). This species has been reported in
Okinawa.
The soybean, G. max, is called “Ufuchija” in Okinawa.
Address: Botanist Emeritus, Smithsonian Institution,
Washington, DC.
2142. Buttery, B.R.; Buzzell, R.I. 1977. The relationship
between chlorophyll content and rate of photosynthesis in
soybeans. Canadian J. of Plant Science 57(1):1-5. Jan. [19
ref. Eng; fre]
• Summary: “Photosynthetic rate of soybeans (on a leaf area
basis, PA) estimated from the incorporation of Ð14CO2 under field
conditions was highly correlated with chlorophyll content of the side leaflets of the same leaves. Among
a collection of 48 cultivars, the linear regression of PA on chlorophyll content accounted for 44% of the
variation, whereas with a selection of genotypes with various mutant chlorophyll genes, the regression
accounted for 81%.” Address: Research Station, Agriculture Canada, Harrow, Ontario N0R 1G0.

2143. Hermina, Narges; Reporter, M. 1977. Root hair cell enhancement in tissue cultures from soybean
roots: a useful model system. Plant Physiology 59(1):97-102. Jan. [17 ref]
• Summary: Cultures enriched by cells with root hairs offer advantages for studies of in vitro symbiosis.
Root cell and root hair cell proliferation were obtained when the cells were cultured in a medium lacking
2,4-D and kinetin. Root hair cells can also be used for studying the initiation of bacterial attachment.
Various photos were taken with a phase contrast microscope and a light microscope; see p. 99-10.
Note: See correction in next issue on p. 102, column 2, paragraph 3, lines 15-18. Address:
Charles F. Kettering Research Lab., 150 East South College St., Yellow Springs, Ohio 45387.

2144. Kapoor, Amin C.; Gupta, Yogindera P. 1977. Changes in proteins and amino acids in developing
soybean seed and effect of phosphorus nutrition. J. of the Science of Food and Agriculture London

(

)

28(2):113-20. Feb. [23 ref]
• Summary: “Two varieties of soybean (Bragg and Punjab-1) grown in pot culture with three levels

2141. Walker, Egbert H. 1976. Flora of Okinawa and the
Southern Ryukyu Islands. Washington, DC: Smithsonian
Institution Press. ix + 1159 p. See p. 583-84. With the
assistance and collaboration of many Okinawan, Japanese,
Chinese, and Western botanists. 27 cm. [7 ref]
• Summary: The genus Glycine is called the “Daizu Zoku.”
In this geographical area are found two species of perennial
wild soybeans (G. koidzumii and G. clandestina), plus the
cultivated soybean, G. max.
Glycine koidzumii Ohwi is known locally as Miyakojima tsurumame (i.e. “Miyako island vine bean”). It is the
same as Glycine soja. It was first described in 1943 by
Ohwi in Shokubutsu Bunrui Chiri (Acta Phytotaxonomica et
Geobotanica) 12:110. It was named for Genichi Koidzumi,

of phosphorus were studied for the changes in protein content, ether extract, amino acids and protein
fractions during the development of the seed, and the effect of phosphorus nutrition thereon was also
studied.”
“Phosphorus application increased crude protein and true protein and decreased ether extract but
had little effect on amino acids and protein fractions.” Address: Div. of Agricultural Biochemistry, Indian
Agricultural Research Inst., New Delhi-110012, India.

2145. Tajima, Shigeyuki; Yamamoto, Yukio. 1977. Regulation of uricase activity in developing roots of
Glycine max, non-nodulating variety A62-2. Plant and Cell Physiology Tokyo 18(1):247-53. Feb. [12

(

)

ref]
• Summary: Nodulated soybeans accumulated a large quantity of allantoin in the stem internodes. The
distribution of related enzymes suggested that allantoin is formed in the nodules. The non-nodulated
soybeans produced allantoin in small quantities by root uricase. The cofactor requirement of root
uricase differs from that of the Rhizobium uricase. Address: Dep. of Agricultural Chemistry, Faculty of
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time course changes in carbon-14 distribution in pods and stem sections. Australian J. of Agricultural

Agriculture, Nagoya Univ., Chikusa-ku, Nagoya 464, Japan.

Research 28(3):395-400. May. [6 ref]
2146. Fehr, Walter R.; Caviness, Charles E. 1977. Stages of soybean development. Iowa State University,

• Summary: “Leaves at two levels in the canopy of determinate soybeans were allowed to assimilate

Cooperative Extension Service, Special Report No. 80. 11 p. March.

Á14

• Summary: Contents: Purpose of stage descriptions. Variation in soybean development, Node
identification. Vegetative stages. Reproductive stages. Staging a soybean field. Number of days between
stages.
This system for describing the stages of soybean growth has come to be widely used. For
example:
Stage V2 = Vegetative. “Second node. Fully developed trifoliolate leaf at node above the
unifoliolate nodes (fig. 1).”
Stage R1 = Reproductive. “Beginning bloom. One open flower at any node on the main stem (fig.
10).”
Stage R5 = Reproductive. “Beginning seed. Seed 3mm (1/8 inch) long in a pod at one of the four
uppermost nodes on the main stem with a fully developed leaf (fig. 14).”
According to Google Scholar (June 2018) this is the most widely cited article that Dr. Fehr ever
wrote (cited by 2793 documents). Address: 1. Iowa State Univ.; 2. Univ. of Arkansas.

CO2 at one of several stages of development from late
pre-flowering until pod maturity, and the distribution of 14C
activity in above-ground parts of the plants was followed up
to maturity.
“Between pre-flowering and early pod development,
assimilate was stored in stems and transferred to pods during
later development; at later stages, current assimilate went
directly from leaves to pods.
“Carbon fixed subsequent to flowering went to pods in
the axils of treated leaves, and to pods at the second nodes
above and below fed leaves but not to adjacent nodes.
“The source of substrate for filling pods in the apical
raceme was not apparent from this study.” Address: Dep.
of Agriculture, Univ. of Papua New Guinea, Port Moresby,
P.N.G. [Papua New Guinea].

2147. Sionit, Nasser; Kramer, P.J. 1977. Effect of water stress during different stages of growth of
soybean. Agronomy Journal 69(2):274-78. March/April. [15 ref]
• Summary: “However, yield as measured by weight of seeds was reduced most by stress during early
formation and pod filling. Water stress at no stage of growth materially affected the oil or protein content
of the seeds.” Address: 1. Associate prof. of Pahlavi Univ., Shiraz, Iran; 2. Prof. of Botany, Emeritus,
Duke Univ., Durham, North Carolina.

2148. Stephenson, R.A.; Wilson, G.L. 1977. Patterns of assimilate distribution in soybean. I. The
influence of reproductive development stage and leaf position. Australian J. of Agricultural Research
28(2):203-09. March. [11 ref]
• Summary: “Introduction: The literature on the relationship between particular leaves of the soybean
plant, and the sinks to which their photosynthate moves, has been recently reviewed by Shibles et al.
(1975). In the vegetative plant, the distribution is dominated by proximity between the parts, although a
phyllotactic pattern is superimposed. After flowering, when the developing pods become a major sink,
there is a more complex pattern, although the relationship between leaves and pods in their own axils still
predominates.” Address: 1. Dep. of Agriculture, Univ. of Papua New Guinea, Port Moresby, P.N.G.

2149. Konno, Shoshin. 1977. Growth and ripening of soybeans. Food and Fertilizer Technology Center

(Taiwan), Technical Bulletin No. 32. 22 p. April. [9 ref]
• Summary: Partial contents: Foreword (“During the past few decades, tremendous advances have
been made in our knowledge of plant physiology,...”). Introduction. Growth of the soybean plant:
Development of the main stem, pattern of branching, growth of the leaf, growth of the root system,
cultural conditions and plant growth (seeding rate). Ripening: Development of pods, accumulation of
chemical components in the cotyledons during ripening.
Contains 15 graphs that show key relationships. Address: National Inst. of Agricultural Sciences,
Japan.

2150. Ali, S.I. 1977. Flora of West Pakistan. No. 100. Papilionaceae. Karachi, Pakistan: Department of
Botany, University of Karachi. 390 p. See p. 255, 257. [10 ref]
• Summary: Contains a botanical description of the genus Glycine and of the cultivated soybean, Glycine
max. “Distribution: Pakistan, cultivated sparingly in plains; India; Sikkim; Nepal; Burma; E. Asia, a
native of China.”
Note: No early citations for the soybean in West Pakistan are given. Address: Dep. of Botany,
Univ. of Karachi, Karachi [Pakistan].

2151. Stephenson, R.A.; Wilson, G.L. 1977. Patterns of assimilate distribution in soybean. II. The

2152. Soybean Digest. 1977. How toxic are your herbicides?
Although some herbicides are less toxic than others, they’re
no safer than the person using them. June. p. 13.
• Summary: “Every year someone misuses an agricultural
chemical and ends up with complications. Most
complications are short lived, but some are chronic–yet
others become fatal.
“Some of the first chemicals you’ll come in contact with
this season are herbicides. We’ve provided a list of some
common herbicides and their relative toxicity. We’ve also
added in aspirin and common table salt as a comparison.
Toxicity levels are given in number of milligrams of
herbicide that it takes per kilogram of body weight to kill
50% of the test animals under laboratory conditions.
“To make the conversion a little easier, here’s the
probable lethal dose for a 150-pound man. (Compare with
chart.)
“Highly toxic–A few drops to 1 teaspoon.
“Toxic–1 teaspoon to 1 ounce.
“Moderately toxic–1 ounce to 1 pint or 1 pound.
“Almost non-toxic–1 pint to over 1 quart.
“We’re also providing a dermal response rating. This
rating tells how easily the chemical can be absorbed by
the skin or if skin irritation may result. The ratings are as
follows.
“1–Absorbed and poisonous.
“2–Causes burns and blisters.
“3–Moderately irritating.
“4–Mildly irritating.
“5–Nonirritating.
“Note that one of the most common postemergence
soybean herbicides, dinitro (dinoseb), is listed in the highly
toxic class. But, if you use good common sense and go out
of your way to be cautious, there’s no reason you should run
into problems.
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“Don’t let past experience blindfold you, though. It’s all
too easy to say, ‘I’ve been using it for 10 years and nothing
has happened.’
A long vertical table titled “Toxicity rating” has 3
columns: (1) Herbicide name, divided into the 4 categories
of toxicity mentioned above. (2) Oral toxicity (mg/kg body
weight). (3) Dermal response rating. We will list only the
most toxic + 2 comparisons. “Highly Toxic:
“Sodium Arsenite 10
“Endothall 35
“dinoseb (DNBP) (Dinitro) 40
“Toxic:
“Arsenic 138
“Paraquat 157
“PCP (Sod. Salt) 210
“DMPA (Zytron) 270
“Copper sulfate (bluestone) 300
“2,4-D (acid) 375
“Diquat 400
“2,4,5-T (acid and ester) 500
“Moderately Toxic:
“DSMA 600
“2,4-D (Sod. Salt) 666
“MCPA (acid) 700
“2,4-D (Isop. ester) 700
“2,4-DB (Est’d) 700
“Aspirin Comparison 750
“AMA 794
“CDEC (Vegadex) 850
“2,4-DES (Sesone) 1,000
“Calcium Cyanamide 1,000
“Dicamba (Banvel) 1,040
“Diphenamid 1,050
“Pebulate (Tillam) 1,120
“MCPA (amine) 1,200
“Cacodylic acid 1,350
“Linuron (Lorox) 1,500
“AMS (Ammate) 1,600
“EPTC (Eptam) 1,630
“Naptalam (Alanap) 1,770
“Vernolate (Vernam) 1,780
“Bensulide (Betasan) 1,910
“Arsenic Acid 2,000
“Dichlobenil (Casoron) 2,710
“Prometone (Pramitol) 2,980
“DCPA (Dacthal) 3,000
“Atrazine 3,080
“Table Salt Comparison 3,320.”
2153. Prendeville, G.N.; Warren, G.F. 1977. Effect of four
herbicides and two oils on leaf-cell membrane permeability.
Weed Research 17(4):251-58. Aug. [22 ref. Eng; fre; ger]
• Summary: Soybean seeds were planted at Purdue
University in Indiana in pots in a potting mix and maintained

in a growth chamber at 20ºC during the day, 21ºC at
night, with a 16 hour photoperiod, and light intensity of
35 K lux. The soybean was a hybrid that segregates 1:2:1
(yellow:greenish yellow:green leaves).
Paraquat and oxyfluorfen caused a greater increase
in leaf-cell permeability of a soybean mutant with yellow
leaves as compared with normal green leaves.
Note: This work was done while the senior author was
on leave from University College, Cork, Ireland. Address:
1. Botany Dep., University College, Cork, Ireland [Irish
Republic]; 2. ep. of Horticulture, Purdue Univ., West
Lafayette, Indiana.
2154. Fountain, David W.; Foard, D.E.; Replogle, W.D.;
Yang, W.K. 1977. Lectin release by soybean seeds. Science
197(4309):1185-87. Sept. 16. [22 ref]
• Summary: “Proteins or glycoproteins collectively classed
as lectins and capable of reversible binding interactions with
specific carbohydrates or carbohydrate residues are present
in relatively high concentrations in leguminous seeds...
Lectin is released from soybean seeds during water uptake.”
This release is independent of seed viability and insensitive
to azide. Address: Univ. of Tennessee-Oak Ridge, Graduate
School of Biomedical Sciences, and Biology Div., Oak Ridge
National Lab., Oak Ridge, Tennessee 37830.
2155. Lambert, J.W.; Kennedy, B.W. 1977. Registration of
Grande soybeans. Crop Science 17(5):824-25. Sept/Oct. [1
ref]
• Summary: Registration No. 115. Grande soybean variety
was developed in a cooperative program of the Minnesota
Agric. Exp. Station and the USDA’s Agricultural Research
Service (ARS). It originated a an F-4 plant selection from
the cross Anoka x Magna. “It is classified in Maturity Group
0... Because of large seed size, Grande has been found
useful in manufacture of certain food products.” The seeds
are light yellow in color with dull luster and light tan hila.
Both oil and protein percentages are relatively low. The
seed was released to certified growers in Minnesota in 1976.
The Minnesota Agric. Exp. Station will be responsible for
maintenance of breeder seed. Other information is published
in Varietal Trials of Farm Crops, Misc. Report 24, Agric.
Exp. Station, St. Paul, Minnesota 55108. Address: 1. Prof. of
Agronomy and Plant Genetics; 2. Prof. of Plant Pathology.
Both: Univ. of Minnesota, St. Paul, Minnesota.
2156. Orf, J.H.; Mies, D.W.; Hymowitz, T. 1977. Qualitative
changes of the Kunitz trypsin inhibitor in soybean seeds
during germination as detected by electrophoresis. Botanical
Gazette 138(3):255-60. Sept. [19 ref]
• Summary: “Changes in the three forms of the Kunitz
trypsin inhibitor protein (SBTI-A2) in six populations
of soybeans during germination were detected using
polyacrylamide gel electrophoresis. In each population
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there was a shift in the mobility of the SBTI-A2 band(s)
that appeared in the mature dry seed...” Address: Dep. of
Agronomy, Univ. of Illinois.
2157. Bhuvaneswari, T.V.; Pueppke, S.G.; Bauer, W.D.
1977. Role of lectins in plant-microorganism interactions:
I. Binding of soybean lectin to rhizobia. Plant Physiology
60(4):486-91. Oct. [20 ref]
• Summary: Purified soybean lectin (SBL) was found to bind
15 of 22 Rhizobium japonicum strains. SBL did not bind to
the other 7 strains, nor to any of 9 other strains which do not
nodulate soybeans. An inhibitor to SBL binding was found to
be present in culture filtrates. Address: Charles F. Kettering
Research Lab., 150 East South College St., Yellow Springs,
Ohio 45387.
2158. Klucas, Robert V.; Arp, D. 1977. Physiological
and biochemical studies on senescing tap root nodules of
soybeans. Canadian J. of Microbiology 23(10):1426-32. Oct.
[21 ref]
• Summary: “Field-grown Beeson and Calland varieties of
soybeans of various ages were sources of tap root nodules.
With both varieties, the number of tap root nodules per plant
remained constant between 56 and 86 days after planting
but fresh weight, dry weight, and mass of tap root nodules
increased during this period. Nitrogen (C2H2) fixation by
attached tap root nodules was maximum on a fresh weight,
dry weight, or nitrogen basis about 56 days after planting for
either variety.” Address: Lab. of Agricultural Biochemistry,
Univ. of Nebraska, Lincoln, NE 68583.
2159. Abramitis, W.W. 1977. Fats and oils in agriculture. J.
of the American Oil Chemists’ Society 54(11):853A-857A.
Nov. [32 ref]
• Summary: Contents: Abstract and summary. Introduction.
Emulsifiers and surfactants (Table 1 shows classification
of these into anionic, cationic, nonionic, and ampholytic).
Pesticide derivatives. Insecticidal activity. Plant growth
regulators. Fungicides. Future of fats and oils (as petroleum
and its products become more expensive). Address:
Agricultural Chemicals Research and Development, Armak
Co., McCook, Illinois 60525.
2160. Anderson, James D. 1977. Responses of adenine
nucleotides in germinating soybean embryonic axes
to exogenously applied adenine and adenosine. Plant
Physiology 60(5):689-92. Nov. [16 ref]
• Summary: “The ATP content of soybean (Glycine max [L.]
Merr. cv. Kent) axes incubated for 3 hours in 1 mM solutions
of adenine and adenosine increased over 100% and 75%,
respectively, over axes incubated in water. The increase in
ATP was primarily due to the conversion of these purines
to nucleotides via the nucleotide salvage pathway. The ATP
formed was in a metabolically active pool because label

from adenne was incorporated into acid-insoluble material.
Adenine also increased the levels of GTP, UTP, and CTP, but
not to the extent of the ATP level.” Address: Post Harvest
Plant Physiology Lab., Agricultural Marketing Research
Institute, Beltsville Agricultural Research Center, ARS,
Beltsville, Maryland 20705.
2161. Buzzell, R.I.; Buttery, B.R. 1977. Soybean harvest
index in hill-plots. Crop Science 17(6):968-70. Nov/Dec. [12
ref]
• Summary: “Abstract: Seed and plant weight of mature
soybeans... were measured in hill-plots to determine if the
evaluation of harvest index (seed yield / mature plant dry
weight) by a micro-plot technique would be useful as a
selection criterion... harvest index was negatively associated
with yield and maturity, and appears to be of little value as
an indicator of yielding ability.”
Note: This is the earliest document seen (June 2020)
that mentions “harvest index” in connection with soybeans.
Address: 1. Breeder; 2. Physiologist. Both: Agriculture
Canada Research Station, Harrow, Ontario, N0R 1C0,
Canada.
2162. Ching, Te May; Hedtke, S.; Newcomb, William. 1977.
Isolation of bacteria, transforming bacteria, and bacteroids
from soybean nodules. Plant Physiology 60(5):771-74. Nov.
[20 ref]
• Summary: Mature bacteroids, transforming bacteria and
bacteria were separated using a stepwise sucrose gradient
centrifugation. Now that a method for separating bacteroids
of different stages is available, these fractions could be
used for studies involving development, regulation and
senescence of bacteroids in the nodule. Address: 1-2. Dep.
of Agronomic Crop Science, Oregon State Univ., Corvallis,
OR 97331; 3. Dep. of Botany and Genetics, Univ. of Guelph,
Guelph, Ontario N1G 2W1, Canada.
2163. Duke, Stanley H.; Schrader, Larry E.; Miller, M.G.
1977. Low temperature effects on soybean mitochondrial
respiration and several dehydrogenates during imbibition and
germination. Plant Physiology 60(5):716-22. Nov. [37 ref]
• Summary: “The influence of low temperature on soybean
(cultivar Wells) energy transduction via mitochondrial
respiration and dehydrogenases was investigated in this
study during imbibition and germination. Mitochondria
were isolated from embryonic axes of seeds treated at 10
and 23ºC (control) by submergence in H20 for 6 hours
and maintenance for an additional 42 hours in a moist
environment. Arrhenius plots of initial respiration rates
revealed that those from cold-treated axes had respiratory
control (RC) ratios of near 1.0 above an inflection in the
plot at 8ºC. Arrhenius plots of control axes mitochondrial
respiration showed RC ratios of 2.8 above and 5.0 below
an inflection temperature of 12.5 C. Energies of activation
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for mitochondrial respiration between 20 and 30ºC for
the cold and control treatments were 7.8 and 15.6 kcal/
mole, respectively. These data indicate possible differences
in mitochondria membranes, degree of mitochondrial
integrity, and mitochondrial enzyme complement between
the two treatments.” Address: Dep. of Agronomy, Univ. of
Wisconsin, Madison, Wisconsin 5370.
2164. Hymowitz, T.; Newell, C.A.; Carmer, S.G. 1977.
Pedigrees of soybean cultivars released in the United States
and Canada. INTSOY Series No. 13. 23 p. Nov. (College of
Agric., Univ. of Illinois at Urbana-Champaign). [17 ref]
• Summary: Contents. Introduction. Abbreviations.
Pedigrees of soybean cultivars released in the United
States and Canada (Five-column table, p. 4-15). Strain
identification. Parentage of strains. Registration of soybean
cultivars. References.
The 337 soybean varieties listed in this publication,
named or released from 1889 to 1976, are currently (1977)
in the USDA germplasm collection, and were released in
the USA and Canada. “Cultivars having an experimental
strain pedigree and preceded by an asterisk, and the strain is
underlined” (e.g., Beeson, Bonus, Bragg). This information
was compiled from many sources, including USDA Bureau
of Plant Industry Bulletins.
In the information on early soybean varieties below
(adapted from the 12-page “Pedigrees” table), column 1 is
the year introduced to the USA, column 2 (separated by a
comma) is the cultivar name, 3 is the Maturity Group, 4 is
the pedigree (P.I. is the “Plant Introduction” number and
F.C. is the “Forage Crop” number, both from the USDA,
Beltsville, Maryland), and column 5 is the year named or
released. Only the early (pre-1915) introductions are listed
here, in chronological order:
1889, Medium Green or Guelph, III, 1903 and 1907.
1889, Kingston, IV, P.I. 17255 (From Japan), by 1907.
1894, Easycook, VI, P.I. 34702 (From Shantung Prov.,
China), by 1923.
1900 or before, Mammoth Yellow, VII, Unknown,
Unknown.
1900, Wisconsin Black, I, P.I. 5039 (From Paris,
France), by 1910.
1901, Austin, V, P.I. 17263 (From Pingyang [Pyongyang
/ P’yongyang], Korea), by 1910.
1901, Ebony, IV, P.I. 6386 (From Pingyang, Korea), by
1907.
1901, Haberlandt, VI, P.I. 6396 (From Pingyang, Korea),
by 1910 [sic, 1905].
1901, Midwest, IV, P.I. 6556 (From Central China), by
1922.
1901, Tokyo, VII, P.I. 8424 (From Yokohama, Japan), by
1910.
1902, Hollybrook, V, Rogue in Mammoth Yellow, by
1910.

1905, Cloud, III, P.I. 16790 (From Hangchow, China),
by 1910.
1905, Tarheel Black, VIII, P.I. 14952 (From Shanghai,
China), by 1923.
1906, Elton, I, P.I. 20406 (From Khabarovsk, USSR), by
1910.
1906, Habaro, I, P.I. 20405 (From Khabarovsk, USSR),
by 1913.
1906, Morse, IV, P.I. 19186 (From Newchang, or
Yingkow [Newchwang or Ying-k’ou / Yingkou], Manchuria),
by 1910.
1906, Peking, IV, P.I. 17852B (From Peking, China), by
1910.
1906, Wilson, IV, P.I. 19183 (From Newchwang,
Manchuria), by 1910.
1907, Chestnut, III, Selection from Habaro, by 1910.
1907, Shingto, III, P.I. 21079 (From Teiling,
Manchuria), 1910.
1907, Virginia-N, IV, P.I. 19186D (Selection from
Morse), by 1920.
1907, Virginia-S, V, P.I. 19186D (Selection from
Morse), -.
1908 [sic, ca. 1943], Acadian, VIII, P.I. 60406 x F.C.
04910, 1943.
1908, Arisoy, VIII, P.I. 86736 (From Konosu, Japan),
1930.
1908, Arlington, V, P.I. 22899 (From Paotingfu [later
Baoding, Hebei], China), by 1910.
1908, Barchet, VIII, P.I. 23232 (From Shanghai, China),
1923.
1908, Biloxi, VIII, P.I. 23211 (From Tangsi, China), by
1917.
1908, Columbia, III, P.I. 22897 (From Paotingfu,
China), by 1910.
1908, Hong Kong, IV, P.I. 22406 (From Hong Kong), by
1910.
1910, Manchuria, I, P.I. 28050 (From Harbin,
Manchuria), by 1912.
1910, Minsoy, 0, P.I. 27890 (From Paris, France), ca.
1926.
1910, Soysota, I, P.I. 28019 (From Naples, Italy), by
1923.
1911, Black Eyebrow, II, P.I. 30744 (From Wulukai,
Manchuria), by 1917.
1911, Hoosier, I, P.I. 30746 (From Wulukai, Manchuria),
by 1927
1911, Manchu, III, P.I. 30593 (From Ninguta,
Manchuria), by 1917
1911, Mandarin, I, P.I. 36653 (From Pehtuanlintza,
Manchuria), by 1920.
1911, Otootan, VIII, (From Taiwan via Hawaii), by
1923.
1911, Wea, II, P.I. 30600 (From Shuangchengpu,
Manchuria), ca. 1926.
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1912, A.K. (F.C. 30761), IV, Selection from A.K., by
1940.
1913, Dunfield, III, P.I. 36846 (From Fanchiatum Sta.,
Manchuria), by 1923.
1914, Arksoy, VI, P.I. 37335 (From Pingyang, Korea), -.
1915, Hahto, VI, P.I. 40118 (From Wakamatsu, Japan),
by 1921.
Talk with Ted Hymowitz. 1998. July 5. Ted and his
colleagues created a computerized database, with the data
entered on 80-column paper punch cards, using software that
Sam G. Carmer borrowed from Washington State University.
In hindsight, Ted wishes he had divided the column titled
“Year named or released” into two. The first would be “Year
named” and the second would be “Public release.” This
database no longer exists. The many thousands of punch
cards were discarded after Sam Carmer died. Address: Dep.
of Agronomy, Univ. of Illinois.
2165. Ilag, Lina L. 1977. Studies on the biology of the
soybean rust fungus in the Philippines. INTSOY Series No.
12. p. 16-17. R.E. Ford and J.B. Sinclair, eds. Rust of the
Soybean. [3 ref]
• Summary: “Rust is the nemesis of soybean in this part of
the world. It occurs not only in Southeast Asia but also in
Australia, China, India, Indochina, Japan and Korea (95).
The rust pathogen was recently reported in the Caribbean
and in Eastern Africa (unconfirmed) (12).
“Its occurrence in the Philippines was first noted by
Baker in 1914 (14). However, the disease was literally
forgotten for the next 50 years. It was not until the mid1960’s that rust once again caught the attention of Filipino
scientists. This long delay is unfortunate because the disease
reduces bean yield in the country by 30 to 80 percent (7).
The disease is most severe during the dry, cool months of
October through March.
“Studies on soybean rust in the Philippines have
centered on cultivar screening for resistance and on chemical
control. Documented biological studies on the disease and its
causal organism in the Philippines are practically nil.
“This paper will summarize the results of our studies
on soybean rust at the University of the Philippines at Los
Banos during 1976-77. I also will mention some research
areas that deserve investigation.
“We studied the effect of temperature and photoperiod
on germination and germ tube elongation of P. pachyrhizi
uredospores. Freshly harvested spores from diseased leaves
were plated on 1.5 percent water agar and stored at 0, 5,
10, 15, 20, 25, 30 and 35ºC. The plates at 20 and 30ºC were
incubated under four different light periods: continuous
light for 24 to 48 hours, continuous darkness, 15-hour light
followed by 9-hour darkness, and 15-hour darkness followed
by 9-hour light. Plates at the other temperatures were kept in
continuous darkness. Some spores on water agar were kept
under room conditions 13-hour darkness, 11-hour light at 23

to 30 C.
“Germination percentages and germ tube lengths
under each of the above conditions were determined after
24 to 48 hours. No germination occurred at 0ºC. Normal
germination was observed from 10 to 30ºC. Short germ
tubes emerged from uredospores incubated between 5 and
35ºC but these did not attain normal length even after 48
hours. High germination rates and long germ tubes were
noted in uredospores kept at temperatures between 15 to
30ºC. The various light periods did not appreciably affect the
percentage germination of uredospores kept at 20 to 30ºC.
However, after 48 hours incubation, germ tubes were shortest
(380 microns) under continuous light or continuous darkness
at 30ºC, and were longest (950 microns) when exposed to
15-hour darkness and 9-hour light at 20ºC.
“The problem of pathogen survival also intrigued us.
Although various rust fungi have been grown in axenic [free
from other living organisms] culture during the last decade,
P. pachyrhizi, is still known as an obligate parasite. Thus,
when soybean plants are not present in the field the fungus
is viable presumably only when transferred to another living
host. Indeed, various plants can be infected by this pathogen,
among which are Adzuki bean, asparagus bean, blue lupine,
common bean, common purple nutsedge, green gram, kidney
bean, Kudzu, wild soybean and yam bean (11, 76, 88, 91).
“We were curious to know whether the uredospores
survived (in resting or dormant state) in dried or decayed
tissues or in the soil. Thus, in preliminary studies we
determined how long uredospores may remain viable in
diseased leaves or in soil under various conditions. Diseased
leaves were collected from the field. Some leaves were dried
between newspaper folds and kept in the laboratory while
others were placed in a desiccator over calcium chloride.
Uredospores also were dislodged from diseased leaves by
tapping the leaves and these uredospores were mixed with
soil. Some portions of the uredospore soil mixture were kept
dry in the laboratory, some were watered once a day in the
laboratory and still others were exposed to natural outdoor
conditions. The viability of the uredospores was tested by
periodically plating spore samples from the various storage
conditions on 1.5 percent water agar and determining the
percentage germination after 24 hours. Spores that did not
germinate within 24 hours were kept longer to observe for
possible delay in germination.
“Uredospores did not germinate after 8 days in any of
the above storage conditions. The shortest period of viability,
less than 2 days, was observed in uredospores mixed with
soil and watered daily. This was followed by soil exposed
under natural outdoor conditions where the soil was rained
on on the fourth day, after which time the uredospores ceased
to germinate. Thus, there appeared to be a relationship
between exposure to water and uredospore germination.
These results suggest that the pathogen does not persist for
any appreciable period in diseased leaves and in the soil.
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“The importance of alternative hosts in the survival of
the fungus in the field is the next logical question. It would
be very useful to know whether or not the rust fungus also
infects the weeds that abound in the field in addition to
various other crop plants.”
Note: Literature cited is at the end of the book.
Address: Assoc. Prof., Dep. of Plant Pathology, Univ. of the
Philippines at Los Baños, College, Laguna.
2166. Openshaw, Stephen J.; Hymowitz, T.; Hadley, H.H.
1977. Distribution of sugars in the soybean embryo. Crop
Science 17(6):975-77. Nov/Dec. [7 ref]
• Summary: “Abstract: In order to investigate the possibility
of using single seed selection to change sugar content in
soybean... seed, the distribution of sugars in the soybean
embryo was studied. Seeds of soybean cultivars ‘Jogun’ and
‘Hokkaido’ were sliced into three equal parts... A significant
cultivar X position interaction for sucrose content indicates
that selection for differences in this character based on
analyses of only parts of a cotyledon might be unreliable.”
Address: 1. Graduate Research Asst.; 2-3. Profs. of Plant
Genetics. All: Dep. of Agronomy, Univ. of Illinois, Urbana,
Illinois 61801.
2167. Pinto, Aloizio de Arruda. comp. 1977-1978. Soja:
Resumos informativos [The soybean: A bibliography with
abstracts. 3 vols.]. Londrina, Parana, Brazil: EMBRAPA
(Empresa Brasileira de Pesquisa Agropecuaria), Centro
Nacional de Pesquisa de Soja. Vol. 1, 339 p. Vol. 2, 354 p.
Vol. 3, 255 p. [2155 ref. Por]
• Summary: Vols. 1 and 3: Plant protection, varietal
improvement, soils and culture; Vol. 2. Ecology and
practical cultivation, economics and marketing, experimental
methods, physiology, utilization (industrial, feeds, food),
nutrition, production systems. Address: Brazil.
2168. Huang, C-Y. 1977. Effect of plant growth regulators on
the nitrogen fixing (acetylene reduction) activity of soybean
plants. Taiwania 22:80-90. *
• Summary: Kinetin and 2,4-D suppressed acetylene
reduction in intact plants and detached nodules. It was
assumed that the growth regulators inhibited nodulation and
promoted nodule degeneration. Address: National Taiwan
Univ.
2169. Major, D.J.; Johnson, D.R. 1977. A review of the
effects of daylength and temperature on development
of soyabeans. LRS Mimeo Report (Lethbridge, Alberta,
Canada) No. 2. 37 leaves. *
• Summary: Also cited as: Agriculture Canada Research
Station, Lethbridge, Report No. 2. Address: Alberta, Canada.
2170. Popescu, C.; Axinte, S. 1977. Influenta luminii si
ingrasamintelor asupra productei si consumalui de apa la soia

[Effect of light and fertilizer on yield and water uptake in
soyabean]. Cercetari Agronomice in Moldova (Agronomical
Researches in Moldova) No. 1. p. 67-72. [4 ref. Rom; fre]*
Address: Institutul Politehnic, Iasi, Romania.
2171. Spehar, Carlos Roberto. 1977. Screening maturity
groups “00” and “0” of the U.S. world soybean collection for
germination at 10Cº, and field evaluation of selected lines.
MSc thesis, University of Wisconsin-Madison. 93 p. 28 cm.
*
Address: Univ. of Wisconsin.
2172. Vicentini, R.; Jimenez, H.A. 1977. El vaneo de los
frutos en soja [The swelling [?] of soybean seeds]. INTA,
Serie Tecnica No. 47. 8 p. Instituto Nacional de Tecnologia
Agropecuaria. [Spa]*
Address: Entre Rios, Argentina.
2173. Abd-El-Rehim, M.A.; Michail, S.H.; Abu Elgasim,
E.A. 1977. Changes in the amino acid patterns of soybean
and pea seeds due to infection by Cephalosporium sp. Acta
Phytopathologica Academiae Scientiarum Hungaricae
(Budapest) 12(3-4):273-76. [11 ref. Eng]
• Summary: “Amino acid patterns of soybeans cv. Hardey
and peas cv. Little Marvel seed samples, healthy and
inoculated with Cephalosporium sp. clarified that certain free
amino acids were depleted, namely isoleucine, beta-alanine,
glycine and arginine in inoculated soybean seeds, and betaalanine only in inoculated pea seeds. However, certain free
amino acids were detected in inoculated seeds only. These
were phenylalanine, threonine and citrulline in soybeans, and
aspartic acid besides an unidentified amino acid in pea seeds.
Combined amino acid patterns of soybeans and pea seeds
revealed that infection resulted in depletion of arginine and
phenylalanine respectively. Moreover, leucine, isoleucine
and two unidentified amino acids were synthesized in pea
seeds.” Address: Faculty of Agriculture, Univ. of Alexandria,
Egypt.
2174. Barton, Kenneth A. 1977. Purification of glycinin and
preliminary in vitro translational studies of the characteristics
of protein synthesis in developing soybean seeds. PhD thesis,
Purdue University. 213 p. Page 699 in volume 39/02-B of
Dissertation Abstracts International. *
Address: Purdue Univ., W. Lafayette, Indiana.
2175. Bossennec, J.M.; Maury, Y. 1977. Le problème de la
mise en évidence du Virus de las Mosaïque du Soja dans
les semences de Soja: proposition d’une méthode rapide de
détection [Problem and preliminary data concerning routine
detection of soybean mosaic virus in soybean seeds]. Annales
de Phytopathologie (Paris) 9(2):223-26. [18 ref. Fre; eng]
• Summary: English summary: “The different ways to solve
the problem of a routine detection of Soybean Mosaic Virus

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 677
in Soybean seeds are briefly reviewed. Our first results
concern a method using ELISA test which allows detection
of Soybean Mosaic Virus in embryos and coats of mature
soybean seeds harvested from virus infected plants. The
method works as well for the detection of virus present
in the rootlets of pregerminated seeds. This method could
be used routinely for sanitary control of seed batches.”
Address: Station de Pathologie végétale, Centre national de
Recherches agronomiques, I.N.R.A., Route de St-Cyr, 78000
Versailles [France].
2176. Dorobantu, N.; Vijiala, M. 1977. Influenta umiditatii
din sol asupra proceselor fiziologice la plantele de soia,
porumb si sfecla de zahar [Influence of soil humidity on
plant physiological processes in soy, corn and sugar beet].
Lucrari Stiintifice, Institutul Agronomic “Nicolae Balcescu.”
Seria A (Romania) 17:27-30. For the year 1974. [Rom; eng]*
2177. Flora of Taiwan Committee. 1977. Flora of Taiwan.
Vol. III. Angiospermae. Taipei, Taiwan: Epoch Publishing
Co. 1000 p. See p. 293-98. [12 soy ref. Eng]
• Summary: There are about 10 species of Glycine
distributed in Africa, Asia and Australia; five in Taiwan.
Those found in Taiwan are as follows; the Chinese
characters, a botanical description, and an illustration are
given for each: 1. Glycine clandestina Wendl. (Beobacht. 54.
1798). Distributed in Australia and mainland China. Found in
Taiwan in open grasslands by the seashore.
2. Glycine javanica L. Sp. Pl. 754. Distributed in India,
Ceylon, Malaysia and Java. Cultivated in Taiwan.
3. Glycine max (L.) Merr., Interp. Herb. Amb. 274.
1917.
4. Glycine soja Sieb. & Zucc. Distributed in mainland
China and Japan. Cultivated in Taiwan.
5. Glycine tomentella Hayata, Icon. Pl. Form. 9: 29,
1920. Distributed in southern China, the Philippines and
Australia. Found in Taiwan in open fields.
2178. Hinson, K.; Hartwig, E.E. 1977. Soybean production
in the tropics. FAO Plant Production and Protection Paper
No. 4. v + 92 p. Illust. 27 cm. (Rome, Italy). Revised 1982.
[82 ref. Eng; Chi; Fre; Spa]
• Summary: Contents: Introduction. Botany: Taxonomy,
morphology, genetic traits of agronomic importance.
Climatic requirements: Temperature, rainfall patterns,
photoperiod response. Soils and soil fertility: Mineral
nutrition, soil management, soil organisms. Water and water
management. Varieties and variety development: Variety
adaptation, variety development. Culture: Growing season,
varieties, seedbed preparation, planting, population density,
pest management. Nitrogen nutrition and inoculation:
Inoculants and inoculation procedures, symbiotic nitrogen
fixation, N fertilization vs. symbiotic fixation. Diseases
and nematodes: Bacterial diseases, fungal diseases, virus

diseases, nematodes. Insects: Leaf-feeding insects, podfeeding insects, stem-feeding insects. Harvesting and seed
storage: Seed quality factors, seed storage, harvesting with
combines, drying and handling, other harvesting methods.
Nutritive quality and use: Processing methods, soy flour,
whole soybean, Asiatic foods (tofu or soybean curd, tempeh).
Rotations and intercropping: Rotations, intercropping.
Bibliography. Address: Research Agronomists, USDA.
2179. Lagacherie, B.; Hugot, R.; Amarger, N. 1977.
Selection de souches de Rhizobium japonicum d’après
leur compétitivité pour l’infection [Selection of strains of
Rhizobium japonicum according to their competitiveness for
infection / inoculation]. Annales Agronomiques 28(4):37989. [11 ref. Fre; eng; ger; rus]
• Summary: “The competitiveness for infection or ability
to form nodules in presence of other strains of 13 strains
of Rhizobium japonicum was measured. This was done by
comparison of the dry weight of soybeans inoculated with
an effective strain to the dry weight of soybeans inoculated
with a mixture of the effective strain with an ineffective one;
the strains were classified. Competitiveness for infection
of four of these strains was compared to their competitive
ability determined by the number of nodules they formed
when they were introduced by seed inoculation into a soil
containing Rhizobium of the same cross-inoculation group.
Competitiveness for infection and overall competitiveness
vary in the same way.
“The necessity to undertake a selection on the
competitive ability of R. japonicum is discussed.”
With the technical collaboration of G. Sommer and B.
Mohaimen. Address: Laboratoire de Microbiologie des Sols,
Centre de Recherches de Dijon, I.N.R.A., BV 1540. 21034
Dijon Cedex [France].
2180. Miyasaka, Shiro. 1977. Generalidades soja: Historico,
botanica, producao, comercializacao [General information
on soybeans: History, botany, production and marketing (in
Brazil)]. In: Fundacao Cargill, ed. 1977. A Soja no Brasil
Central. Sao Paulo: Fundacao Cargill. See p. 2-21. [Por]*
2181. Nangju, D. 1977. Effect of date of harvest on seed
quality and viability of soya beans. J. of Agricultural Science
(Cambridge, UK) 89(1):107-12. [13 ref]
• Summary: “Table 3 summarizes the differences of the four
cultivars in terms of seed quality, seed size and germination.
This table clearly shows the superiority of Improved
Pelican over the other cultivars in terms of seed quality and
viability. Improved Pelican has the smallest seed among the
four cultivars. Green et al. (1965) found that small seeds
were associated with high laboratory germination and high
field emergence.” Address: International Inst. of Tropical
Agriculture IITA], Ibadan, Nigeria.
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2182. Okundaye, Joseph Eghianruwa. 1977. The use of
antioxidants as a means of retarding deterioration in high
lysine corn and soybean seeds. PhD thesis, Mississippi
State University. 121 p. Page 1495 in volume 38/04-B of
Dissertation Abstracts International. *
Address: Mississippi State Univ.
2183. Poehlman, John Milton. 1977. Breeding field crops.
Westport, Connecticut: AVI Publishing Co. 428 p. Illust. by
Hannah T. Croasdale. Index. 26 cm. [49 ref]
• Summary: Chap. 12 (p. 220-39) is titled “Breeding
Soybeans.” Contents: Introduction. Botany of the soybean.
Genetic studies of the soybean. Varieties of soybeans.
Methods of breeding soybeans. Objectives in breeding
soybeans. The United States Regional Soybean Laboratory.
References cited.
“The amazing progress made in soybean breeding
since 1936 can be largely credited to the organization in
that year of the United States Regional Soybean Laboratory
at Urbana, Illinois, and to the development of cooperative
breeding projects in participating states. This laboratory
was developed cooperatively between the United States
Department of Agriculture and the agricultural experiment
stations in the states of Ohio, Indiana, Illinois, Michigan,
Wisconsin, Minnesota, Iowa, Nebraska, Kansas, Missouri,
North Dakota, and South Dakota.”
In 1942 the agronomic studies were extended to twelve
southern states. Address: Univ. of Missouri.
2184. Romney, E.M.; Wallace, A.; Alexander, G.V. 1977.
Boron in vegetation in relationship to a coal-burning power
plant. Communications in Soil Science and Plant Analysis
8(9):803-07. [10 ref]
• Summary: Research has shown that boron may be a
troublesome metal if ash from coal-burning power plants
were spread onto crop land. Coal contains from 4 to 300
parts per million (ppm) of boron, according to various
reports.
Soybean plants were sown in a glasshouse in soils to
which ash collected from a coal-burning power generating
plant near Moapa, Nevada, had been applied; these plants
had higher boron contents than control plants. The Boron
contents were not toxic. “Any use of fly ash should consider
the boron status.”
Note: These soybeans were apparently grown at UCLA
in Los Angeles, not in Nevada. Address: Environmental
Biology Div., Lab. of Nuclear Medicine and Radiation
Biology, UCLA (Univ. of California Los Angeles), Los
Angeles, CA 90024.
2185. Skorupska, Halina; Hymowitz, Theodore. 1977. On
the frequency distribution of alleles of two seed proteins in
European soybean [Glycine max (L.) Merrill] germplasm:
Implications on the origin of European soybean germplasm.

Genetica Polonica (Poland) 18(3):217-24. [15 ref. Eng; pol]
• Summary: “Seed protein extracts from the European
soybean germplasm introduced into the U.S. were analyzed
electrophoretically for the frequency distribution of the
alleles of the Kunitz trypsin inhibitor and sp-1 protein. Most
of the soybean strains in Europe were classified into Maturity
Groups 00, 0 and I.” Address: 1. Inst. of Genetics and Plant
Breeding, Academy of Agriculture, Poznan, Poland; 2. Univ.
of Illinois.
2186. Tippo, Oswald; Stern, W.L. 1977. Humanistic botany.
New York, NY: W.W. Norton & Co. *
• Summary: A basic botany textbook with emphasis on
economic plants. Excellent for anyone wanting to know
more about plants.
2187. Gregory, E.J.; Stewart, A.E. 1978. Agronomic
evaluation of soybean varieties in northwestern New Mexico.
New Mexico State University Agricultural Experiment
Station, Research Report No. 359. 8 p. Jan. [9 ref]
• Summary: “Soybean variety trials were conducted under
irrigation at the San Juan Branch Experiment Station in
1970, 1971, 1973, and 1975. Varieties in the early range of
[maturity] group IV and late range of group III were best
adapted to this area.” Clark 63 (maturity group IV) was the
highest-yielding variety for the four years.”
Soybeans are a minor crop in New Mexico. Reported
acreages vary from as few as 100 acres in 1971 to as many
as 4,260 acres in 1970. There is no commercial acreage of
soybeans in northwestern New Mexico.” Clark 63 had an
average yield in 4 trials from 1970-75 of 38.7 bu/acre (range
50.0–34.4 bu/a). Address: 1. Assoc. Prof.; 2. Superintendent
and Assoc. Prof. Both: San Juan Branch Station, Farmington,
New Mexico.
2188. Hwang, David L.; Yang, Wen-Kuang; Foard, Donald
E.; Lin, K.-T.-Davis. 1978. Rapid release of protease
inhibitors from soybeans: Immunochemical quantitation and
parallels with lectins. Plant Physiology 61(1):30-34. Jan. [25
ref]
• Summary: Trypsin contains a large amount (15-22%) of
the sulfur amino acids methionine and cystine. Address:
1-3. Univ. of Tennessee–Oak Ridge Graduate School of
Biochemical Sciences and Biology Div., Oak Ridge National
Lab., Oak Ridge, TN 37830. 4. Univ. of Tennessee Memorial
Research Center, Knoxville, TN 37920.
2189. Egli, D.B.; Leggett, J.E.; Wood, J.M. 1978. Influence
of soybean seed size and position on the rate and duration of
filling. Agronomy Journal 70(1):127-30. Jan/Feb. [12 ref]
• Summary: “The direct relationship between seed growth
rates and seed size provides an explanation of the negative
correlations frequently observed between seed size and the
number of seed produced by the plant.”
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The “mechanism of feedback control is in agreement
with the observation that variations in seed number are more
closely correlated with yield than is seed size.” Address:
1. Associate prof.; 2. Prof.; 3. Research specialist, Dep. of
Agronomy, Univ. of Kentucky, Lexington, KY 40506.
2190. Keller, E.R.; Soldati, A.; Piattini, E. 1978. 1. Yield
components and development of several soybean varieties
under various climatic conditions in Switzerland. Soybean
Genetics Newsletter 5:77-78. April 1.
• Summary: “Our work on soybeans is intended to provide
information bearing on the following questions: (1) Can
soybeans be cultivated in our country at expenses tolerable to
agriculture; and (2) if not, what must be undertaken in order
to achieve this objective?
“We would like to insert the soybean as a suitable
leguminous plant in our crop rotation (in 1975, 61% of the
fields in Switzerland were cultivated with small grains and
17% with corn) and to benefit from this rich source of protein
(as animal and perhaps as human nutrition). The study of
growth, development and morphological yield formation and
of the effects of fructification are important in determining
the agricultural potential of the soybean in Switzerland.
“Our investigations with different varieties (Maturity
Group 000-II) concerning yield formation and the
development of several soybean varieties under various
climatic conditions have shown that the economic returns,
particularly in northern Switzerland and to a lesser degree
in western Switzerland, are unprofitable. The plants form
a good vegetative structure (stems, branches, leaves and
nodes) under all the climatic conditions investigated.
Vegetative development itself requires a rather high
temperature sum until anthesis. Anthesis takes place only
in the middle of July because of the cooler temperatures in
north Switzerland; therefore only about 60-80 days and a
relatively low temperature sum remain available for pod and
seed formation and for the filling phase of the seeds.
“The test of yield components under various climatic
conditions has indicated large differences between
cultivation sites. The yield potential, as determined by the
number of flowers per plant, was available under all climatic
conditions. For example, plants growing at the location
having cooler temperatures demonstrated a clearly higher
percentage of aborted flowers and pods. The complex
questions concerning floral and pod abortion must be studied
further, although investigations are considerably difficult
due to the small size of the flowers. “The improvement of
yield components of the soybean is desirable. Our intention
was to analyze the most important yield components for
use in a possible subsequent breeding program. Our results
have indicated that an increase in thousand seeds weight
leads to an increase in yield, while the other components
are presumed to remain constant. Next to thousand seeds
weight, which is relatively strongly influenced by genetics,

early maturity must certainly be taken into consideration.
The following factors must be studied within the scope of
a breeding program: inheritance of yield components and
particularly inheritance of the thousand seeds weight, as well
as inheritance of days to anthesis and to maturity.
“The varieties ‘Fiskeby V’ (Ottawa Research Station,
Maturity Group 000) and 0-52-903 (Ottawa Research
Station, Maturity Group 000) reached full maturity under
all the climatic conditions studied. Both varieties, however,
showed a small economic yield. On the other hand, other
varieties (e.g., ‘Dunn’ and ‘Anoka’, both from the U.S. and
of Maturity Group I) indicated a high yield potential (higher
number of pods per plant combined with a large number of
seeds and a relatively high thousand seeds weight), under
optimum growth conditions. The prerequisites for the
cultivation of soybean under our climatic conditions do exist,
inasmuch as it will be possible by means of actual breeding,
to optimally combine the breeding objectives of early
maturity, yield ability and reliability of yield.
“The field trial experiments and especially those in the
plant growth chambers, have indicated the great importance
of cold tolerance of the soybean in Switzerland. A more
or less strong decrease in temperature must be suspected
each year under our climatic conditions. This decrease in
temperature can have a very negative influence on yield
formation and particularly upon the number of pods and
seeds per plant. Such cold-tolerant forms are known and will
be collected and tested. At the present time such cold-tolerant
varieties are also being investigated in Switzerland from the
standpoint of yield formation and development. With cold
tolerant varieties it should become possible to sow at an
earlier date and by this way gain an additional temperature
sum for the reproductive development.”
Although the cultivation of soybeans in Switzerland
cannot yet be recommended, the long-term prospects
are indicative of success. Address: Swiss Federal Inst.
of Technology, Inst. of Plant Production (ETH), CH8092 Zurich, Switzerland (Inst. fuer Pflanzenbau der
Eidgenoessischen Technischen Hochschule, Zuerich).
2191. Kulik, Martin M. comp. 1978. Bibliography.
Newsletter of the Association of Official Seed Analysts
52(2):73-79. May. [94* ref]
• Summary: This bibliography has 4 parts: I. Seed
Physiology and Biochemistry (pages 73-77). II. Seed
Pathology (p. 78). III. Identification of Cultivars and Species
(p. 79). IV. Seed Anatomy and Morphology (p. 79).
Soybeans are mentioned in relatively few (only five)
of the references cited here; each of those we have cited
separately. Address: Plant Physiologist/Pathologist, Seed
Research Lab. (USDA), Beltsville, Maryland.
2192. Pueppke, Steven G.; Bauer, W.D.; Keegstra, K.;
Ferguson, A.L. 1978. Role of lectins in plant-microorganism
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interactions. II. Distribution of soybean lectin in tissues of
Glycine max (L.) Merr. Plant Physiology 61(5):779-84. May.
[30 ref]
• Summary: Lectin from various tissues of soybean
plants was quantified by three assay procedures: standard
hemagglutination, radioimmunoassay, and isotope dilution.
Most of the seed lectin was found in the cotyledons, with
less detected in the embryo axis and seed coat. Lectin was
present in all the tissues of seedlings, but decreased with
maturity until no longer detectable after 2 to 3 weeks. Lectin
isolated from seeds of several soybean varieties was identical
when compared by several methods. There is some evidence
that SBL in tissues is either synthesized within the tissue
or transported there from the cotyledons, with the latter as
the more likely source. The absence of SBL in older root
tissue raises questions about its role in rhizobial infection.
Address: 1-2. Charles F. Kettering Research Lab., 150 East
South College St., Yellow Springs, Ohio 45387; 3-4. Dep. of
Microbiology, State Univ. of New York, Stony Brook, New
York 11790.
2193. Samimy, Cyrus. 1978. Effect of light on ethylene
production and hypocotyl growth of soybean seedlings. Plant
Physiology 61(5):772-74. May. [10 ref]
• Summary: “The apical 1-cm hypocotyl of dark-grown
‘Clark’ soybean... seedlings produced ethylene at rates of
7 to 11 nanoliters per hour per gram when attached to the
cotyledons. Such physiologically active rates occurred prior
to the deceleration of hypocotyl elongation caused by the
temperature of 25 C.
“Daily exposure of the etiolated seedlings to red light
promoted hypocotyl elongation and prevented its lateral
swelling. Red light treatment also caused a 45% decrease
in ethylene production. Far red Irradiation following the
red treatment reversed the red effects, suggesting that the
ethylene intervenes as a regulator in the phytochrome control
of ‘Clark’ soybean hypocotyl growth at 25 C.” Address: Dep.
of Biology, College of Science, Ferdowsi Univ., Mashad,
Iran.
2194. Meeks, John C.; Wolk, C.P.; Schilling, N.; Schaffer,
P.W.; Avissar, Y.; Chien, W-S. 1978. Initial organic products
of fixation of [13N]dinitrogen by root nodules of soybean
(Glycine max). Plant Physiology 61(6):980-83. June. [23 ref]
• Summary: The initial product of fixation was glutamine,
then glutamate and alanine. After 15 minutes, the major
isotope-labeled products were glutamate and alanine, with
glutamine comprising only a small fraction. The idea that
glutamine synthase-glutamate synthase is the primary route
for assimilation of fixed nitrogen in soybean nodules was
supported by the results of this study. Address: 1-4. Michigan
State Univ.-ERDA Plant Research Lab., E. Lansing,
Michigan 48824.

2195. Peterson, Jay B.; Evans, H.J. 1978. Properties
of pyruvate kinase from soybean nodule cytosol. Plant
Physiology 61(6):909-14. June. [31 ref]
• Summary: The studies indicated that pyruvate kinase from
plant cells of soybean nodules is regulated in a way that
contributes to efficient nitrogen fixation by providing proper
quantities of PEP for PEP carboxylase and the subsequent
synthesis of aspartate and asparagine during nitrogen
fixation.
See the correction on p. 913, column 2, paragraph 3,
lines 15, 19 and 21. Address: Dep. of Botany and Plant
Pathology, Oregon State Univ., Corvallis, Oregon 97331.
2196. Bhuvaneswari, T.V.; Bauer, W.D. 1978. Role of
lectins in plant-microorganism interactions. III. Influence of
rhizosphere / rhizoplane culture conditions on the soybean
lectin-binding properties of rhizobia. Plant Physiology
62(1):71-74. July. [20 ref]
• Summary: All of 11 soybean rhizobia and 2 of 6 cowpea
rhizobia developed receptors to soybean lectin when cultured
in root exudates or in association with roots of soybean
seedlings. Six of the 11 strains did not develop specific
SBL receptors when cultured in artificial media. Additional
experimentation will be required to establish the role of
lectin binding in specificity. Address: Charles F. Kettering
Research Lab., 150 East South College St., Yellow Springs,
Ohio 45387.
2197. Boonkerd, Nantakorn; Weber, D.F.; Bezdicek,
D.F. 1978. Influence of Rhizobium japonicum strains
and inoculation methods on soybeans grown in rhizobiapopulated soil. Agronomy Journal 70(4):547-49. July/Aug.
[24 ref]
• Summary: This study was conducted to determine if
inoculant strains could nodulate soybeans in competition
with indigenous rhizobia, leading to enhancement in nitrogen
fixation. Various levels of inoculant in peat and in broth were
applied, but nodulation and growth were not affected. The
distribution of serogroups in the nodules was affected by
heavy doses of broth, but not by peat inoculation. Address:
Maryland Agric. Exp. Station, Dep. of Agronomy, Univ.
of Maryland, College Park, MD., and the Plant Physiology
Inst., SEA, USDA, Beltsville, MD 20705.
2198. Shanmugasundaram, S.; Tsou, Samson C.S. 1978.
Photoperiod and critical duration for flower induction in
soybean. Crop Science 18(4):598-601. July/Aug. [13 ref]
• Summary: If suitable varieties are available, soybeans can
(theoretically) be cultivated year round in the tropics and
sub-tropics.
The critical stage at which the photoperiod has its major
effect and the duration of photoperiod need are reported.
Address: Asian Vegetable Research and Development Center
(AVRDC), P.O. Box 42, Shanhua, Tainan 741, Taiwan.
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2199. Singh, C.B.; Dalal, M.A.; Singh, S.P. 1978. Genetic
analysis of field germination in soybean (Glycine max. (L)
Merill.). Theoretical and Applied Genetics (TAG) 52(4):16569. July. [9 ref]
• Summary: “Genetic analysis for germination percentage
was carried out in the F3 and F4 generations of a diallel
cross involving six promising genotypes of soybean.
Results indicated a high amount of genetic variability and a
moderately high heritability together with genetic advance,
suggesting a possible improvement for this character
through hybridization and selection.” Address: Dep. of Plant
Breeding and Genetics, J.N. Agricultural Univ., Jabalpur–48
20 04 Madhya Pradesh (India).
2200. Ciha, A.J.; Brenner, M.L.; Brim, W.A. 1978. Effect of
pod removal on abscisic acid levels in soybean tissue. Crop
Science 18(5):776-79. Sept/Oct. [14 ref]
• Summary: “The seasonal profiles of free and conjugated
abscisic acid (ABA) in seed, pod wall, and leaf tissue were
determined using field-grown control and depodded ‘Clay’
soybean... plants.” Address: Univ. of Minnesota, St. Paul,
Minnesota.
2201. Crookston, R. Kent; Hill, David S. 1978. A visual
indicator of the physiological maturity of soybean seed. Crop
Science 18(5):867-70. Sept/Oct. [13 ref]
• Summary: “Of the 11 selected visible criteria, the one
that coincided consistently with the determined date of PM
(physiological maturity) was the initiation of seed shrinkage.
The complete loss of green color from the pod was also
a reliable indicator of PM since it always occurred in the
sampling period immediately following observed seed
shrinkage. Because the determined date of PM in this study
could have been slightly premature, the loss of green color in
the pods might be considered the better indicator of seed PM.
Loss of green color from the pods would be a convenient and
rapid field determination of PM.”
Note: By this definition, green vegetable soybeans
(edamamé) are not quite physiologically mature. Address:
Associate prof. and asst. scientist, Dep. of Agronomy and
Plant Genetics, Univ. of Minnesota, St. Paul, MN 55108.
2202. Walker, A.K.; Fehr, W.H. 1978. Yield stability of
soybean mixtures and multiple pure stands. Crop Science
18(5):719-23. Sept/Oct. [19 ref]
• Summary: “Farmers have several alternatives in selecting
soybean... cultivars to plant. They can select one highyielding cultivar based on past performance and plant it on
their entire area with the hope that the cultivar will continue
to be the best one. They can divide their area and grow two
or more high-yielding cultivars in pure stand, or they can
grow a seed mixture of the cultivars on their entire area.
Use of two or more cultivars as multiple pure stands or in

a mixture is an attempt to obtain an average yield that is
consistent with changes in environmental conditions and to
avoid the yield reduction that can occur if one cultivar does
not perform as expected.” Address: 1. Research asst.; 2. Prof.
of Agronomy. Both: Iowa State Univ., Ames, Iowa 50011.
2203. Duke, Stanley H.; Schrader, L.E.; Miller, M.G.; Niece,
R.L. 1978. Low temperature effects on soybean (Glycine
max [L.] Merr. cv. Wells) free amino acid pools during
germination. Plant Physiology 62(4):642-47. Oct. [35 ref]
• Summary: Differences in the relative proportions and
distribution of glutamate, aspartate and peptides in seed
tissues after germination at 10ºC and 23ºC were determined.
The activities of glutamine synthetase and asparagine
synthetase were considerably lower in the lower temperature
situation. Address: 1-3. Dep. of Agronomy; 4. Dep. of
Physiological Chemistry. All: Univ. of Wisconsin, Madison,
WI 53706.
2204. Galston, Arthur W. 1978. Sex and the soybean. Natural
History 87:132-40. Oct.
• Summary: Gives a detailed description of soybean
reproduction, photosynthesis, nitrogen fixation,
photoperiodism, and florigen synthesis. “Some varieties of
soybeans such as Agate or Batorawka, will flower when they
reach a certain age or stage of maturity without relying on
environmental conditions. Others, such as Peking or Biloxi,
require short days before they can initiate their sexual stage...
This photoperiodic requirement insures that the plant will be
large and vigorous before it flowers... and also guarantees
that flowering and fruit-set will be complete before the
first frost... The photoperiodic control of flowering was
discovered in the United States in 1920, but despite more
than half a century of intensive research all over the world,
the intimate biochemical details of the process are still not
understood. Since the late 1930s, scientists have known
that the soybean uses the dark rather than the light period
of the day to measure its photoperiod. Thus, if the critical
photoperiod turns out to be fourteen hours, the true control
is ten hours of unbroken darkness. The critical dark period
is effective whether it is surrounded by four or fourteen
hours of light. To some degree, dark-time measurement is
controlled by the state of phytochrome, a pigment discovered
in 1959 that governs the plant’s response to light. When
exposed to sunlight, this pigment becomes active; when
stored in darkness, it decays back down to its original, or
ground level, state...
“Although the buds of the plant change suddenly from
producing leaves to forming flowers, the vegetarian leaves
of the plant, rather than the buds, perceive the photoperiodic
stimulus.” Address: Teacher of biology, Yale Univ., New
Haven, Connecticut.
2205. Harper, James E.; Nicholas, J.C. 1978. Nitrogen
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metabolism of soybeans. I. Effect of tungstate on nitrate
utilization, nodulation, and growth. Plant Physiology
62(4):662-64. Oct. [14 ref]
• Summary: Tungstate, a known inhibitor of nitrate
reductase, caused an increase in nodule mass and acetylene
reduction when accompanied by NO3-, but caused a
decrease of those parameters when accompanied by urea.
The evidence suggests that NO3- does not directly inhibit
nodulation, but has an indirect effect through subsequent
metabolism. Address: USDA Science & Education
Administration, Federal Research and Dep. of Agronomy,
Illinois Agric. Exp. Station, Urbana, Illinois 61801.

• Summary: “The root systems of soybeans can be infected
by vesicular-arbuscular (VA) endomycorrhizal fungi and by
nitrogen-fixing bacteria.” This paper suggests that while that
while the VA fungi, “which can assist legumes in the update
of phosphorus, do not interact directly with nitrogen-fixing
bacteria.”
Nodulating soybean plants also infected with Glomus
fasciculatus had higher rates of nitrogenase and nitrate
reductase activity, and showed increases in total dry weight
and nodule dry weight compared to singly inoculated or
noninfected plants. Address: Depts. of Plant Pathology and
Agronomy, Univ. of Missouri, Columbia, MO 65211.

2206. Williams, C.N. 1978. Effects on drainage, spacing
and fertilizer on soyabeans in paddy soils in Brunei.
Experimental Agriculture (England) 14(4):303-07. [5 ref]
• Summary: Brunei is located at 5º north latitude. The
yield of a Chippewa variety of soybean (from Nigeria) was
investigated in relation to spacings and fertilizer levels on a
range of rice paddy soils showing good, medium, and poor
drainage. The soybeans were planted in August 1975. Under
good conditions of drainage and fertilizer, the optimum yield
was obtained at a density of 100,000 plants/ha. Even under
sub-optimal drainage conditions, satisfactory yields of about
1,500 kg/ha were obtained from this variety, which showed
a similar early-flowering response to photoperiod at all times
of year.
“Soyabeans have been considered as a potential dryseason rotation crop with rice in many countries, but the two
main problems affecting successful soyabean cultivation
in the equatorial humid tropics are the short photoperiod
that pertains at any time of the year and, in rice lands, the
problems of a high water table and the hydromorphic nature
of most paddy soils.”
“The yields obtained were encouraging, and suggest
that relatively less submerged areas of paddy lands can be
used for successful soybean cultivation in the humid tropics.
Higher plant densities and fertilizer use can be expected to
increase yields, particularly under marginal conditions of
drainage.”
Syahril Zazan Syahab has also studied soybeans in
Brunei.
Note: This is the earliest document seen (May 2010)
concerning the cultivation of soybeans in Brunei. This
document contains the earliest date seen for the cultivation of
soybeans in Brunei (August 1975, at Bandar Seri Begawan).
The source of these soybeans is Nigeria. Address: Dep. of
Agriculture, Bandar Seri Begawan, Brunei.

2208. Fellows, Robert J.; Egli, D.B.; Leggett, J.E. 1978.
A pod leakage technique for phloem translocation studies
in soybean (Glycine max [L.] Merr.). Plant Physiology
62(5):812-14. Nov. [24 ref]
• Summary: “Radioactive photosynthetic assimilates,
translocated to a soybean (Glycine max [L.] Merr. ‘Fiskeby
V’) pod can be measured directly by excising the stylar tip of
the pod under 20 mM ethylenediaminetetraacetate solution
(pH 7.0) and allowing the material to leak into the solution.”
Address: Dep. of Agronomy, Univ. of Kentucky, Lexington,
Kentucky 40506.

2207. Carling, D.E.; Riehle, W.G.; Brown, M.F.; Johnson,
D.R. 1978. Effects of a vesicular-arbuscular mycorrhizal
fungus on nitrate reductase and nitrogenase activities in
nodulating and non-nodulating soybeans. Phytopathology
68(11):1590-96. Nov. [20 ref]

2209. Rubaihayo, P.R.; Gumisiriza, G. 1978. The causes of
genetic male sterility in 3 soybean lines. Theoretical and
Applied Genetics (TAG) 53(6):257-60. Nov. [15 ref]
• Summary: “The cause of male sterility in 3 soybean
lines, TGM 103-1, N-69-2774 and TGM 242-4 was
studied. In TGM 103-1, which was both male and female
sterile, two different abnormalities were associated with
sterility. Precocious movement of a few chromosomes at
the metaphase I stage resulted into the production of nonfunctional pollen while cells which underwent apparent
normal meiotic division had disintegration of the tapetal cell
wall immediately after the free microspore stage leading
to the starvation and subsequent death of the developing
microspores...” Address: Dep. of Crop Science, Faculty of
Agriculture & Forestry, Makerere Univ., P.O. Box 7062,
Kampala (Uganda).
2210. Tamimi, S.A.; Al-Marsoomi, A.J.I.; Al-Juboory, B.A.
1978. A varietal test of soybeans in Abu Ghraib. Iraqi J. of
Agricultural Science 13:54-64. Dec. [10 ref. Eng; ara]
• Summary: Twenty soybean varieties were evaluated at Abu
Ghraib in 1969 and 1970. Bienville, Hampton, and Hardee
gave the best yields. Varieties of maturity groups VII and
VIII should be tested in this part of Iraq.
The Introduction states: “In spite of many years of
research on soybeans in Iraq, this crop has not yet been
grown successfully on [a] large scale so far.” The “Iraqi
Government imported 35 tons of [the] soybean variety
Lee for planting, but most unfortunately, the yields were
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discouragingly low (Grewal, 1977).” Address: 1. Asst. Prof.
of Agronomy; 2-3. Instructors, Field Crops Dep. All: College
of Agriculture, Baghdad, Univ., Abu Ghraib, Iraq.
2211. Hansen, W.R.; Shibles, R. 1978. Seasonal log of the
flowering and podding activity of field-grown soybeans.
Agronomy Journal 70:47-50. *
2212. Lambert, J.W. 1978. Cold tolerance in soybeans. In:
D. Loden & D. Wilkinson, eds. 1978. Report of Eighth
Soybean Seed Research Conference, American Seed Trade
Association, Publication No. 8. See p. 71-78. Held 14-15
Dec. 1978. *
2213. Lanbert, J.W. 1978. Cold tolerance in soybean. In:
D. Loden and D. Wilkinson, eds. 1978. Report of Eighth
Soybean Seed Research Conference, American Seed Trade
Association. Held 14-15 Dec. 1978. Publication No. 8, p.
71-78. *
2214. Planchon, C.; Vignes, D. 1978. Étude de la
transpiration et de la régulation stomatique de deux variétés
de soja (Glycine max L. Merrill); conséquences relatives
a la création de types à exigences en eau réduites [Study
of transpiration and stomatal regulation of two varieties of
soybean (Glycine max L. Merrill); consequences relating
to the creation of types with reduced water requirements].
Annales de l’Amélioration des Plantes 28(2):149-55. [Fre]*
2215. Soldati, Alberto. 1978. Internal report. Zurich,
Switzerland: Dep. of Crop Science, ETH (Eidgenössische
Technische Hochschule Zürich = Swiss Federal Institute of
Technology Zurich) No. 5732. 21 cm. *
Address: Swiss Federal Inst. of Technology (ETH), CH-8092
Zurich, Switzerland.
2216. Summerfield, R.J.; Minchin, F.R.; Roberts, E.H. 1978.
Realization of yield potential in soybean (Glycine max
[L.] Merr.) and cowpea (Vigna unguiculata [L.] Walp.). In:
Proceedings BCPC/BPGR Symp Opportunities for plant
growth regulation. See p. 125-34. *
• Summary: Grain legume yields have either stagnated
or declined over the past 25 years, while those of many
cereal grains have increased dramatically. The possibility of
utilizing growth regulators to prolong photosynthetic activity
and nitrogen fixation in legumes was discussed. Address:
National Taiwan Univ.
2217. Szyrmer, J.; Federowska, B. 1978. [Research on
soybean varieties and forms from the world collection].
Biuletyn IHAR 134:123-44. [Pol]*
• Summary: IHAR stands for “Instytutu Hodowli i
Aklimatyzacji Roslin.” Address: Plant Breeding and
Acclimatization Inst., Soybean Lab., Radzikow n. Warsaw,

Poland.
2218. Szyrmer, J.; Boros, L. 1978. [The effect of nitrogen
fertilization on useful soybean traits]. Biuletyn IHAR
134:115-21. [Pol]*
• Summary: IHAR stands for “Instytutu Hodowli i
Aklimatyzacji Roslin.” Address: Plant Breeding and
Acclimatization Inst., Soybean Lab., Radzikow n. Warsaw,
Poland.
2219. Tripathi, S.K.; Edward, J.C. 1978. Response of
Rhizobium culture inoculation, zinc and molybdenum 4490
application to soybean (Glycine max L. Merrill). Indian J. of
Plant Physiology 21(3):248-52. *
• Summary: Inoculation without the addition of
Molybdenum (Mo) was not effective. The addition of Zn
alone had a slight benefit, but no additional benefit to that
of Mo when combined with the latter. Address: Allahabad
Agricultural Inst., India.
2220. Weiser, C.J. 1978. Plant cold hardiness seminar,
summary and general remarks. In: P.H. Li and A. Sakai,
eds. 1978. Plant Cold Hardiness and Freezing Stress:
Mechanisms and Crop Implications. New York: Academic
Press. Illust. 28 cm. *
• Summary: Contents: Vol. 1. Proceedings of an
International Plant Cold Hardiness Seminar held in St. Paul,
Minnesota, November 2-4, 1977, sponsored by The United
States National Science Foundation, The Japan Society for
the Promotion of Science (Nihon Gakujutsu Shinkokai), The
College of Agriculture, University of Minnesota.
Vol. 2. Proceedings of an International Seminar on Plant
Cold Hardiness, held in Sapporo, Japan, August 11-14, 1981.
Includes a summary of the papers presented at the First
European International Symposium on ‘Winter Hardiness in
Woody Perennials,’ September 1977.
2221. Brun, W.A. 1978. Assimilation [of carbon and
nitrogen by soybeans]. In: A.G. Norman, ed. 1978. Soybean
Physiology, Agronomy, and Utilization. New York:
Academic Press. xii + 249 p. See p. 45-76. Chap. 3. [115 ref]
• Summary: Contents. 1. Introduction. 2. Carbon
assimilation: Photosynthesis, photosynthate distribution. 3.
Nitrogen assimilation: Nitrogen fixation, nitrogen reduction.
4. Summary. Address: Dep. of Agronomy and Plant Genetics,
Univ. of Minnesota, St. Paul, MN 55108.
2222. Ecochard, R.; Denuc, M.; Aussel, P. 1978.
Développement phasique et productivité du Soja: étude
variétale [The phases of development and productivity of
the soybean: Varietal studies]. Annales de l’Amelioration des
Plantes (France) 28(4):351-70. [20 ref. Fre; eng]
• Summary: “Soybean varieties of group O to II can be
grown in France with success, although the climatic complex
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slightly differs here from the conditions prevailing in the
U.S.A. Middle-West.
“An experiment was conducted near Toulouse (43ºN
latitude) to contribute a better knowledge on climatic
adaptation of Soybean in France, and especially to
understand how earliness and yield respond to the combined
effect of temperature and photoperiodism, when water
supply is not limiting. Thirty performing cultivars of the
above mentioned maturity range, partly originated from
North America, partly from Central Europe, were sown
in open field conditions at different dates, and grown in
classical yield testing designs. Beside seed yield, date of the
successive development stages was recorded in every plot,
namely: beginning flowering, pod formation, seed formation
and physiological maturity. The corresponding time
intervals were further converted into ‘heat units’ (Brown and
Chapman, 1972) in order to discriminate temperature and
day length effects. Regressions were then calculated from
the various phase durations plotted against total development
duration, and seed yield plotted against duration of the
various phases. In the latter case a second degree relationship
was found to better fit the data.
“The main conclusions of the analysis were as follows:
“When sowing date was delayed, the total development
duration was more and more dependent upon duration of the
period going from pod formation to complete maturity. This
decreased, due to day length shortening. As it corresponds
to pod filling period, the yield was consequently depressed.
The more photoperiod susceptible cultivars exhibited a loss
of productivity even before that maturity delay points out to
their inadaptation [poor adaptation].
“In contrast, for sowing done at the proper period,
duration from sowing to pod formation was tightly linked
to the total development duration and appeared to be a
good prediction for it, especially with U.S.A. cultivars. It
also influenced the yielding capacity, which was maximum
for intermediate values of this period. Now it roughly
corresponds to building-up the leaf system. When its
duration is too short, it entails a reduced assimilation surface;
when it is too long, excessive foliage transpiration and light
interception in the canopy become prejudicial to the yield.
Thus was confirmed an observation often reported on U.S.A.
soybean cultivars grown in France, i.e., very high leaf area
index (LAI) values: up to 12 or 13.
“Finally, consequences of the previous analysis
were drawn in terms of Soybean breeding for the French
climatic conditions. It might be favourable to introduce
Central Europe types beside American cultivars in crossbreeding programs: they display lesser yielding capacity
but physiologically are better adapted to our climate. On the
other hand it is advisable to select genotypes with a not too
long sowing-pod formation interval, although interesting
exceptions might be found, as such was the case of cultivar
S. 1474.” Address: Laboraioire d’Amélioration des Plantes,

E.N.S.A.T., 145, avenue de Muret, 31000 Toulouse [France].
2223. Hicks, Dale R. 1978. Growth and development [of
soybeans]. In: A.G. Norman, ed. 1978. Soybean Physiology,
Agronomy, and Utilization. New York: Academic Press. xii +
249 p. See p. 17-44. Chap. 2. [138 ref]
• Summary: Contents. 1. Plant development: Introduction,
seed morphology and germination, rooting pattern,
depth, and duration, nodule initiation and structure,
shoot morphology and developmental pattern, canopy
development. 2. Environmental effects on plant development
and performance: Moisture, temperature, day length and light
intensity, soil aeration, soil condition and cropping practices,
soil fertility, exogenous growth regulators.
“Flowering: Flower initiation is controlled by
photoperiod, temperature, and genotype. Soybean stem
growth and flowering habit are of two types: indeterminate
and determinate. The indeterminate type is characterized
by the apical meristem continuing vegetative activity
during most of the growing season; the inflorescences are
axillary racemes, and pods are produced rather uniformly
(comparable number at nodes) up the stem. The determinate
stem type is characterized by vegetative development which
ceases when the apical meristem becomes an inflorescence,
both axillary and terminal racemes exist, and pods are borne
rather uniformly along the stem except for the cluster of pods
at the terminal raceme. The flowering period of the time of
overlap of vegetative and reproductive growth are greater
for the indeterminate than the determinate type.” Address:
Agricultural Extension Service, Univ. of Minnesota, St. Paul,
Minnesota.
2224. Leshchenko, A.K. 1978. Kul’tura soi:
Proiskhozhdenie, rasprostranenie, osnovnye botanicheskie
i biologicheskie osobennosti [Soybean cultivation: Origin,
distribution, basic botanical and biological features]. Kiev:
Naukova Dumka. 235 p. 21 cm. Akademiia Nauk USSR.
Ukrainskoe Obshchestvo Genetikov i Selektsionerov im. N.I.
Vavilova. [425 ref. Rus]
• Summary: Across the top of the title page: Academy
of Sciences of the UkSSR [Ukrainian Soviet Socialist
Republic]. N. I. Vavilov Society of Geneticists and Breeders
of Ukraine. Address: Ukraine, USSR.
2225. Mota, F.S. da. 1978. Soya bean and weather. World
Meteorological Organization (Geneva), Technical Note No.
160. xvi + 64 p. WMO–No. 498. [174 ref. Eng; fre; rus; spa]
• Summary: Contents: Foreword. Summary (English,
French, Russian, Spanish). 1. Introduction. 2. Soya bean
cultivation: Description of plant, varieties, cultivation
practices, harvest. 3. Origin and history. 4. Distribution
and production: Distribution, average yields, world trade,
uses. 5. Meteorological factors affecting the commercial
production of soya bean: Introduction, climatic requirements,
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climates of the main producing regions, temperature, effects
on plant growth, degree-days and plant growth, adverse
effects, other effects, light, photosynthetic effects, shading
effects, effect of photoperiod on flowering and maturity,
photoperiodism, photoperiodism and growth, critical values,
effect of latitude, varietal studies, varietal adaptation, other
effects of light, temperature-light effects, water, introduction,
growth and soil moisture, germination period, yields, root
growth, internal water balance and physiological processes,
water balance and development of photosynthetic potential
in leaves, leaf area, leaf angle and position, diffusion and
assimilation pathways, water balance, photosynthesis and
respiration in leaves, stomatal control, respiration, carbon
dioxide assimilation and relative water content, irrigation,
effect on stages of growth, effect of soil moisture stress,
choice of planting date, efficient water use, other climatic
elements. 6. Bioclimatology of soya bean cultivars. 7. Effects
of planting date: Introduction, regional differences, growth
stages, choice of varieties for cultivation, height and lodging.
8. World agroclimatic zones for soya bean. 9. Climatic
effects and soya bean quality: Temperature, temperature
and sunshine, other conditions. 10. Conclusions: Water
requirements, light requirements, temperature requirements.
References. Address: Secretariat of the World Meteorological
Organization, Geneva, Switzerland.
2226. Norman, A. Geoffrey. ed. 1978. Soybean physiology,
agronomy, and utilization. New York, NY: Academic Press.
xii + 249 p. Illust. Subject index. 24 cm. [417 ref]
• Summary: Contains a preface and 7 chapters by various
authors, each cited separately.
Note: 5 editions were published between 1978 and 1987
in English and held by 376 libraries worldwide. Address:
Univ. of Michigan, Ann Arbor, MI 48109.
2227. Norman, A. Geoffrey. 1978. Background [soybean
history, and use in research on plant physiology]. In: A.G.
Norman, ed. 1978. Soybean Physiology, Agronomy, and
Utilization. New York: Academic Press. xii + 249 p. See p.
1-15. Chap. 1.
• Summary: Contents. 1. Soybean production: In the United
States, worldwide. 2. Uses and economics of soybean
products. 3. The soybean in physiological research.
“There is general agreement that the soybean plant
had its origins in the northeastern provinces of China and
Manchuria.”
“The soybean has been the experimental plant of
choice in a diversity of physiological studies. It is rapid in
growth. Most cultivars do well in greenhouses or controlled
environment chambers if the light level is adequate. A
high degree of uniformity between individual plants can
be obtained by selecting quality seed of equal weight from
a pure cultivar lot. Plants may be grown satisfactorily in
soil, in nutrient solution, or in gravel culture. Attention has

to be given to day length and light intensity if there is a
requirement that studies at different times of year be directly
comparable. Good predictions of probable yield under
field conditions cannot be made from plants grown in the
greenhouse or controlled environment rooms.
“In studies on the initiation of flowering, the soybean
has frequently been used as a representative of the class
of short-day plants. The onset of flowering is mediated by
exposure to a night or dark period in excess of a critical
length. The soybean cultivar Biloxi was the plant of choice
in classical studies on the photoperiodic response.
“The leaf arrangement on the stem of the soybean
makes it convenient for experiments on assimilation and
translocation, much aided by the use of isotope tracers...
The leaf site is the site of photosynthesis. Export of
photosynthate from the leaf to the roots or to the developing
shoot can therefore be followed by isotopic labeling. Similar
procedures have been adopted in the study of the maturation
process of pod-filling, when leaf components including
mineral nutrients are depleted by transport to the seed.
“The soybean has been of special significance in
researches on the biochemistry of the process of symbiotic
nitrogen fixation in the root nodules which are developed
on plants in the presence of Rhizobium japonicum. Soybean
nodules are large and not as convoluted in form as those
developed on most pasture legumes. Surface sterilization
of the nodules is easily accomplished if nodular tissue is
required. Nitrogen fixation by excised soybean nodules
has been demonstrated for a limited period after removal,
again with the aid of isotopic nitrogen. Soybean nodules
have proved to be a good source of the respiratory pigment,
leghemoglobin, which is essential to the fixation process and
unique to the nodule, not being found either in unnodulated
root tissue or in the symbiotic bacteria.
“In greenhouse and field experiments the soybean has
been used in attempts to understand the relationship between
available soil nitrogen and the amount of nitrogen fixed by
the symbiotic mechanism. Maximum yields are not obtained
if no fixed nitrogen is present in the root zone, but fertilizer
nitrogen additions depress the contribution made by the
nodular mechanism.” Address: Univ. of Michigan, Ann
Arbor, MI 48109.
2228. Smith, Allan K.; Circle, S.J. eds. 1978. Soybeans:
Chemistry and technology. Vol. 1. Proteins. Revised.
Westport, Connecticut: AVI Publishing Co. xiii + 470 p.
Illust. Index. 24 cm. [500+ ref]
• Summary: This revised edition contains relatively few,
unimportant changes from the original, classic 1972 edition.
The following changes have been made: Addition of a 7-line
preface to the “revised second printing” dated 4 Oct. 1977,
updating of a graph of U.S. soybean production (p. 1).
Updating (to 1976) of a table on U.S. and world production
of important oilseeds (soybeans, cottonseeds, peanuts,
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sunflower, rape, sesame) (p. 2). Minor textual changes on
pages 18-19. Addition of a table showing distribution of
the 3 leading soybean varieties in 14 major states and the
percentage of acreage harvested for each variety in 1976
(e.g., in Illinois, Williams accounted for 25.1% of harvested
acreage, Amsoy 17.3%, and Wayne 12.8%). And updating of
a table on U.S. soybean production by state showing acreage
harvested, yield per acre, and production for 1974, 1975, and
1976 (p. 32).
The foreword, chapter titles, and index have not been
changed at all. Note: Vol. 2 was never published. Address:
1. Oilseeds protein consultant, Hot Springs, Arkansas; 2.
Oilseed protein consultant, Protein Technology, Richardson,
Texas.
2229. Whigham, D. Keith; Minor, Harry C. 1978. Agronomic
characteristics and environmental stress. In: A.G. Norman,
ed. 1978. Soybean Physiology, Agronomy, and Utilization.
New York: Academic Press. xii + 249 p. See p. 77-118.
Chap. 4. [92 ref]
• Summary: Contents. 1. Introduction. 2. Light: Response
to day length, response to light intensity, response to
light quality, interaction between light and temperature.
3. Temperature: Effect of temperature on growth and
development, on nitrogen fixation, on physiological
processes, on seed quality, on protein and oil, and on pests.
4. Water: Effect of mulching, water deficit, excess water,
atmospheric humidity. 5. Wind: Effect of wind, effect of
windbreaks. 6. Pests: Birds and rodents, diseases, insects,
weeds. 7. Conclusions.
The length of the dark period is the controlling factor in
eliciting photoperiodic responses. Flowering occurs when
the day length becomes shorter than the critical value for
the cultivar. An excellent map (p. 79) shows the zones of
best adaptation for cultivars of maturity groups 00 through
X. Table II (p. 80) lists some cultivars classified by maturity
group in North America: 00 (farthest north, mostly in
Canada)–Altona, Portage. 0–Merit, Swift. I–Hark, Hodgson.
II–Beeson, Corsoy. III–Calland, Williams. IV–Clark 63,
Kent. V–Forrest, Hill. VI–Davis, Lee 74. VII–Bragg,
Semmes. VIII–Hardee, Improved Pelican. IX (farthest south;
southern Florida, Mexico, Cuba)–Jupiter. Address: 1. Dep.
of Agronomy, Iowa State Univ., Ames, IA 50011; 2. Dep. of
Agronomy, Univ. of Illinois, Urbana, IL 61801.
2230. Bagyaraj, D.J.; Manjunath, A.; Patil, R.B. 1979.
Interaction between a vescular-arbuscular mycorrhiza and
Rhizobium and their effects on soybean in the field. New
Phytologist (London) 82(1):141-46. Jan. [17 ref]
• Summary: Discusses the interactions between Glomus
fasiculatus and Rhizobium japonicum. The results suggest
that vesicular-arbuscular (VA) mycorrhiza can greatly assist
nodulation and nitrogen fixation in field grown soybeans
inoculated with rhizobia.

Plants dually inoculated with both organisms in a P
deficient soil produced more nodules with higher weight and
N content than did singly inoculated plants. Dual inoculation
also increased the plant dry weight and N content. Address:
Dep. of Agricultural Microbiology, Univ. of Agricultural
Sciences, Bangalore 560065, India.
2231. Hill, H.J.; Minor, H.C.; Whigham, D.K. 1979.
Dividends from international soybean variety testing.
Soybean News (NSCIC) 30(2):3-4. Jan.
• Summary: “The international interests and activities
of the College of Agriculture led to the formation of the
International Soybean Program (INTSOY) (1) in 1973. The
purpose of the program is to expand the use of soybeans,
particularly as a human food crop for low-income consumers
in the developing countries.
“In many regions of the world, people suffer from
protein-deficient diets. This is especially true in tropical
and subtropical areas. With good yields, soybeans compare
favorably with other crops in terms of protein production
per unit of land area. Soybean protein is also of high quality.
For this reason, INTSOY’s main research thrusts deal with
methods of introducing and expanding acceptability of
soybeans in diets of low-income populations and problems of
production in developing countries.
“The need to identify tropically adapted, agronomically
suitable, high-yielding soybean varieties prompted INTSOY
to organize the International Soybean Variety Evaluation
Experiment (ISVEX) in 1973. This experiment is designed to
test the adaptation of soybean varieties under a wide range of
environmental conditions, but also provides for exchanging
information among research workers in other countries,
comparing performance of locally adapted and introduced
varieties, and exchanging germplasm for direct use or to
incorporate in breeding programs. To conduct these trials
INTSOY sends seeds, inoculant, and detailed instructions
to interested organizations in developing countries. The
recipients plant and manage these trials and collect the
appropriate data. The data are then returned to INTSOY for
analysis. As the trial system has evolved and improved, the
number of agronomists cooperating in the experiment has
steadily increased. In the first year, 90 trials were planted in
33 countries. During 1974, 136 trials were distributed to 60
countries and in 1975, 257 trials were requested and sent to
over 90 countries.
“Much has been learned from the ISVEX by both
coordinating and cooperating scientists. The knowledge
gained should eventually result in a more productive and
secure soybean crop for growers everywhere. Some of
the dividends accrued from the program are described
in the paragraphs below. One of the dividends has been
identification of varieties which produce high yields under
a range of environments. Three years of results have been
compiled. Cultivars in the tests are commonly grown in the
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southern U.S. and represent maturity groups III-IX. Varieties
of U.S. origin often produce higher yields than locally
developed varieties, even at locations near the equator.
Although the mean yields appear rather low, many varieties
in these experiments have produced yields above 4,000 kg/ha
(60 bushels/acre).
“INTSOY scientists have utilized information from
tests located between 3 and 19º latitude to gain a better
understanding of the relative importance of management and
environmental variables on yield of soybeans in the tropics.
Six management and five environmental variables were
analyzed for their effect on grain yield of ten varieties at 25
locations. Management variables measured were: amount of
N, P, and K fertilizer applied, mean nodule number, nodule
dry weight, and plant population. Environmental variables
measured were: altitude, latitude, day length, maximum
temperature, and minimum temperature. All management
variables together accounted for 56% of the variability
in yield among locations. The environmental variables
accounted for only 27% of the variation in yield. Therefore,
with respect to the 10 varieties and 25 locations studied, the
environmental variables were concluded to be less important
than the management variables as determinants of yield. This
suggests that considerable effort must be made in training
farmers in the proper management of soybeans wherever
they are grown.
“In some regions of the U.S. and at many tropical
locations, warm, humid conditions during maturation reduce
soybean seed quality. After harvest, these same conditions
reduce storage life of seed. In the humid tropics, soybean
seed must be dried and stored in moisture-proof containers
or under refrigerated conditions to maintain viability. Under
poor field and storage conditions, the quality of seed varies
from variety to variety. One variety, Hardee, has been a
consistently high yielder. but produces seed of such poor
quality that its use has been discouraged.
“A characteristic which may contribute to varietal
differences in germination under these adverse conditions is
hard seed coat. INTSOY staff studied numerous genotypes
in a simulated tropical storage environment (30ºC and
80% relative humidity). Maintenance of variability under
these conditions was highly correlated with the hard seed
coat characteristic. Work is now underway to study the
inheritance and other properties of hard seed coat. If this
characteristic can be transferred into highly productive
varieties, it may provide a partial solution to the seed
production and storage problems of the humid tropics and
certain U.S. soybean production areas.
“Research linkages strengthened by the international
variety experiments have increased the opportunity to
identify and focus attention on soybean pests which presently
have a limited distribution in the U.S., or which do not occur
at all. These experiments also provide a direct mechanism
for evaluating the reactions of U.S. developed varieties to

diverse pests.
“One of the most important dividends from ISVEX may
be social rather than technical. Introducing soybeans as a
new food crop into areas suffering from protein and caloric
deficiencies may improve human nutrition and well-being.
It is widely believed that this can contribute to political
stability and development in most countries. However,
introduction and adoption of soybeans in developing
countries is not a rapid process. As in the U.S., successful
farm production is highly dependent upon good production
and harvesting practices. Commercial production is
dependent upon attractive prices and an effective economic
system capable of providing production inputs, local
marketing outlets, research capacity, and farm and consumer
education programs. In countries where soybeans have
potential as a food crop, the required technical and social
infrastructure needs improvement.
“To continue as a cooperative program, ISVEX must
be of mutual benefit. A questionnaire was sent to all ISVEX
cooperators to help assess their interests, needs, and
capabilities. Their responses about the present and potential
status of soybean production in their countries are especially
interesting.
“When asked if soybeans would be used as a human
food, 84% of the cooperators said yes. One-third reported
that soybeans are currently being utilized for human food.
Nearly three-fourths (71%) of the cooperators also reported
that there is good potential for acreage expansion. These
results support the view that there is a potential for expansion
of production and utilization of soybeans as human food in
the tropics.
“Cooperators indicated in the questionnaire that
INTSOY can be of further assistance by providing new
varieties and breeding lines; sending information on
production and management; and assisting in personnel
training. INTSOY has strong programs established in all
three of these areas. The questionnaire results suggest that
the emphases to date are appropriate first steps for attaining
program objectives, but further work will be needed.”
Address: Univ. of Illinois.
2232. Mitra, R.; Bhatia, C.R. 1979. Bioenergetic
considerations in the improvement of oil content and quality
in oil-seed crops. Theoretical and Applied Genetics (TAG)
54(1):41-47. Jan. [15 ref]
• Summary: Soy is mentioned 4 times in this paper.
“Production values (PVs), defined as the weight of the end
product/weight of the substrate required for carbon skeletons
and energy production, were calculated for plant fatty acids.
The PVs varied from 0.361 to 0.300 with linolenic acid
having the lowest value. In general, the PVs of unsaturated
fatty acids were lower than those of saturated fatty acids of
similar chain lengths.” Address: Biology & Agriculture Div.,
Bhabha Atomic Research Centre, Bombay (India).
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2233. Reichelderfer, Katherine H.; Caron, Dewey M.
1979. Honey bees and soybean production. I–Economic
interrelationships. American Bee Journal 119(2):107-09.
Feb. [4 ref]
• Summary: “The implications of the honey bee-soybean
production interrelationship discussed thus far relate to
the soybean producer as an individual profit maximizer.
Honey bee losses due to soybean pest control action may
also affect individuals outside of the soybean production
industry. The Federal Bee Indemnification Program acts as
a compensating agent for individuals whose domestic or
commercial bee colonies are damaged or destroyed due to
pesticide poisoning.” Address: Univ. of Maryland, College
Park, Maryland.
2234. Ryle, G.J.A.; Powell, C.E.; Gordon, A.J. 1979.
Respiratory costs of nitrogen fixation in soybean, cowpea
and white clover. 1. Nitrogen fixation and the respiration of
the nodulated root. J. of Experimental Botany 30(1):135-44.
Feb. [22 ref]
• Summary: The three legumes exhibited similar respiratory
losses of CO2 from nodulated roots (6:3 to 6.8 mg C/mg
N fixed). These findings are compatible with a theoretical
energy component for reduction of nitrogen to ammonia plus
an equal or larger component for growth and maintenance
of roots and nodules. Address: Grassland Research Inst.,
Hurley, Berkshire SL6 4LR, England.
2235. Ryle, G.J.A.; Powell, C.E.; Gordon, A.J. 1979.
Respiratory costs of nitrogen fixation in soybean, cowpea
and white clover. 2. Comparisons of the cost of nitrogen
fixation and the utilization of combined nitrogen. J. of
Experimental Botany 30(1):145-53. Feb. [26 ref]
• Summary: “Plants of soyabean, cowpea, and white clover
were grown singly in pots in Saxcil growth cabinets at
23/18ºC, 30/24ºC, and 20/15ºC, respectively, until seed
maturation or for 85 d (white clover). Two populations were
produced within each species: one population effectively
nodulated and wholly dependent for nitrogen on fixation in
the root nodules, and a second population completely lacking
nodules but receiving abundant nitrate nitrogen...” Address:
Grassland Research Inst., Hurley, Berkshire SL6 4LR,
England.
2236. Inouye, Jun; Shanmugasundaram, S.; Matsuyama, T.
1979. Effects of temperature and daylength on the flowering
of some photo-insensitive soybean varieties. Japanese J. of
Tropical Agriculture 22(4):167-71. March. [13 ref. Eng; jap]
• Summary: The presence of two growth types was
recognized “among the photo-insensitive soybean varieties:”
(1) A stable determinate growth type, and (2) An unstable or
temperature dependent determinate type.
Although the soybean is a temperate crop, it can be

grown all year round in the tropical and sub-tropical regions,
“if photo-insensitive varieties are used.
“From field screening of the world soybean germplasm
collection at the Asian Vegetable Research and Development
Center (AVRDC) in Taiwan photo-insensitive varieties been
identified.”
If suitable varieties are available, soybeans can
(theoretically) be cultivated year round in the tropics and
sub-tropics.
Note: This is the earliest English-language document
seen (Aug. 2018) that contains the term “photo-insensitive.”
Address: 1&3. Inst. of Tropical Agriculture, Kyushu Univ.,
Fukuoka 182, Japan; 2. AVRDC, Taiwan.
2237. Shanmugasundaram, S. 1979. Varietal development
and germplasm utilization in soybeans. AVRDC Technical
Bulletin No. 13 (78-102). 36 p. March. (Shanhua, Taiwan).
[90 ref]
• Summary: An excellent overview of the subject. Contents:
Introduction. Historical background of soybeans. Botany of
the soybean. World trends in soybean production. Strategies
in varietal development: U.S.A., Japan, Republic of China
(Taiwan). International programs: Illinois–India, Asian
Vegetable Research and Development Center (AVRDC),
Program for International Research, Improvement and
Development of Soybeans (PIRIDS)–International Soybean
Resource Base (INTSOY), International Institute of
Tropical Agriculture (IITA), Thailand–Japan, Southeast
Asian Regional Center for Graduate Study and Research in
Agriculture (SEARCA). Concepts for future development.
Table 2 gives the taxonomic status and nomenclatural
history of the soybean. Table 3 lists vernacular names of
the soybean in 36 countries or regions of the world. Gives a
brief history of soybean breeding and germplasm collections
in each of the major soybean countries. Address: Asian
Vegetable Research & Development Center, Shanhua,
Taiwan.
2238. Keller, E.R.; Schmid, J. 1979. The influence of low
temperatures on the development and structure of yield
formation of three cold tolerant and a standard soybean
variety. Soybean Genetics Newsletter 6:94-97. April 1. [4 ref]
• Summary: “The amount and stability of the yield of
soybeans cultivated under Swiss climatic conditions
is still unsatisfactory. Breeding studies (Piattini, 1977;
Soldati, 1976) in relation to yield structure under various
climatic conditions in Switzerland were conducted. It
became evident that poor utilization of the available yield
potential of different soybean varieties could be attributed
mainly to low temperatures in the course of the vegetation
period. Therefore, under Swiss temperature conditions,
we investigated the cold tolerance of three cold tolerant
varieties, ‘Amurskaja 41’ (Russia), ‘ISZ-7’ and ‘I-1’
(Hungary), and a standard variety ‘Gieso’ (Germany), well-
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adapted to our climate. In this way, the basic work for further
breeding, taking cold tolerance into consideration, should be
established.
“Cold tolerance cannot only be considered with
reference to the early stages of development; it is also of
great importance during other stages, especially flowering.
Cold tolerance behavior was investigated in growth chamber,
greenhouse and field experiments with reference to the
following three factors: (1) influence of the moment of the
cold stress in the course of vegetative and reproductive
development; (2) influence of the duration of the cold stress;
and (3) influence of the temperature levels.
“Sensitivity to temperature of two soybean varieties
(Amurskaja 41 and Gieso) in the course of vegetative and
reproductive development: As one of the treatments under
glasshouse conditions, the temperature was shifted every
10 days from the beginning of sowing, from the high level
(25/17ºC) to the lower level (20/14ºC day/night temperature)
for 4 or 14 days.
“Vegetative growth was retarded immediately due to the
decrease in temperature. This led to a compensation reaction
in which, for example, the plants under stress formed longer
internodes in the upper part of the main stem.
“The yielding reaction is, therefore, conclusive for
an assessment of the cold sensitive stages of the soybean.
Even 4 days of cold stress during various time periods of
vegetative and reproductive development led to a great
variation in yield for both varieties. The rather cold sensitive
Gieso showed an increase in cold sensitivity from vegetative
stage VI (Fehr and Caviness, 1977) through V3 until the start
of flowering. Amurskaja 41 produced a significantly higher
yield with the plants which endured cold stress during these
stages than did Gieso. Astonishingly, the highest yield (20 g/
plant) was produced by Gieso and Amurskaja 41 when the
stress occurred at the beginning of pod formation. Plants
under constantly high temperatures (25/17ºC) did not achieve
this yielding level, probably due to the need for changing
temperatures. Constantly cool conditions reduced the yield of
Gieso in contrast to a stable warm environment. Amurskaja
41 reacted differently in that it produced higher yields under
cooler conditions. The various yielding reactions can be
explained by the differences in pod and grain number as well
as the hundred seed weight.
“The effect of the duration of the cold stress: Within
a glasshouse environment plants of the Gieso, Amurskaja
41, ISZ-7 and I-1 varieties were subjected to cold stress
during the Vl, V3 and R1 stages of development. This lasted
for a period of 10 days or until maturity. The upper and
lower temperature levels were readjusted monthly: high
temperature variant–18/12, 21/14, 23/16, 23/18 and 22/15ºC;
low temperature variant–12/7, 16/12, 19/13, 22/16 and
20/15ºC day/night temperature.
“Vegetative development was greatly retarded or even
stopped by the cold stress. The compensation reaction to a

short period of stress followed relatively quickly. A longer
period of stress could be compensated for only later, and
only the cold tolerant varieties were able to compensate
fully. Dry matter production per plant (excluding roots)
showed that ISZ-7 produced as much dry matter under a
lasting cold stress as did Gieso in the warm control. The pod
set, expressed as percentage and based on the maximum
number of flowers, was significantly higher for plants of
the I-1 variety which had been subjected to a long stress
period in all three sensitive stages of development (V1, V3,
R1) as compared with the Gieso variety. The compensation
ability was exceeded for the Gieso and Amurskaja 41
varieties at these temperatures. The high stability of ISZ7 and I-1 under extreme temperatures was expressed by
the Harvest Index. ISZ-7 and I-1 demonstrated their cold
tolerance characteristics by producing significantly higher
yields under a long period of cold stress as opposed to
Gieso and Amurskaja 41. The compensation ability of
these varieties was clearly calculated on the basis of the
coefficients of variation with regard to the yields of all cold
stress treatments including the controls in the high and low
temperature variants: Gieso, 55.4%; Amurskaja 41, 79.
1%; ISZ-7, 29.8%; I-1, 29.6%.” Address: Swiss Federal
Inst. of Technology, Dep. of Crop Science, ETH Zentrum,
CH-8092 Zurich, Switzerland (Inst. fuer Pflanzenbau der
Eidgenoessischen Technischen Hochschule, Zuerich).
2239. Lambert, J.W. 1979. [Sven] Holmberg, soybean
pioneer in the far north. Soybean News (NSCIC) 30(3):4.
April.
• Summary: “I met Sven Holmberg for the first time in
July, 1951. He was visiting soybean breeding projects in
northern United States to exchange ideas and germplasm.
That summer of 1951 was one of the coolest in Minnesota
records, but Sven was uncomfortable with our ‘heat.’ He
was, of course, accustomed to the summer weather of his
native city, Norrkoping, Sweden, where for a decade or more
he had been breeding soybeans that would flower under very
long photoperiods and tolerate relatively low midsummer
temperatures.
“Holmberg had been commissioned by his government
to attempt to develop soybean varieties which could be
produced in Sweden, and he had correctly identified coolness
during the reproductive stages as the most important
temperature limitation to successful culture of the crop in
his country. Accordingly, he decided to search for genetic
tolerance to low temperatures at flowering time. His search
led him to northern Asia in the region around the Sea of
Okhotsk, where soybeans have been grown for a long time
and where the maritime summer days are frequently cloudy
and cool.
“The germplasm he brought back from this region,
when crossed with ‘early’ genotypes from other sources,
became the basis for the varieties ‘Fiskeby V,’ released in
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1968, ‘Bravalla,’ released in 1975, and ‘Träff,’ released in
1978. These varieties have become world-wide standards
for adaptation to long, cool summer days. On the U.S.
maturity scale, Fiskeby V is earlier than our earliest Group
00 varieties so perhaps could be considered ‘Group 000.’
At Norrkoping, which lies at 58º 36’ N. Lat. and has a mean
July temperature of about 61º F, Bravalla and Träff average
six and eleven days earlier than Fiskeby V, respectively. To
emphasize this earliness still further, the variety Träff in 1978
produced ripe seed at Umea, Sweden. Umea is located at 63º
48’ N. Lat. and in 1978 had a mean July temperature of 57º
F. By contrast, Chicago, Illinois, lies at 41º 47’ N. Lat. and
has a long time average July temperature of 76º F.
“The Holmberg varieties are low growing (15-25 inches)
and yield only modestly (15-35 bushels per acre), but the
marvel is that they mature seed at all under the very long
photoperiods and the low average summer temperatures
of central Sweden. I am sure that Sven Holmberg had few
illusions of Sweden becoming a major producer of soybeans,
but he was interested in showing that the crop could be
produced as a nutritious home vegetable and a usable source
of protein in military rations. This he accomplished, and at
the same time he developed germplasm which has proved
useful in several other countries.
“Holmberg has been generous in sharing his germplasm
with other soybean breeders. Several Canadian workers
have used his lines in their crosses. For example, one of the
parents of ‘Altona’ is a Holmberg line. Northern European
workers have also made good use of his germplasm.
“Through the years Sven and I have exchanged materials
for use in our respective breeding programs, and we have
kept in frequent touch with each other. He is a man of warm
personal charm and engaging intellect. Early on we enjoyed
a number of common interests, but I suppose the one thing
that cemented our friendship was our mutual interest in
soybeans. Once, in 1956, I had the pleasant opportunity of
visiting Norrkoping and seeing his research plots at Fiskeby.
I was impressed then as I still am, twenty-three years later,
with the achievements of this modest Swede in adapting the
soybean to the conditions of the far north. Sven is presently
in his eighties, but is still supervising an extensive soybean
breeding program.”
Photos show: (1) Sven A. Holmberg. (2) J.W. Lambert.
Address: Prof., Dep. of Agronomy & Plant Genetics, Univ.
of Minnesota.
2240. Severo, Richard. 1979. Agent Orange: A legacy of
suspicion. III. Herbicides pose a bitter mystery in U.S.
decades after discovery. New York Times. May 29. p. A1,
A18.
• Summary: “Forty years after the concept of “plant growth
regulator” [plant hormones] began to appear in scientific
journals, herbicide use remains the subject of bitter debate
and of lawsuits involving potentially hundreds of millions of

dollars, and the center of a great mystery.”
2241. Hardcastle, W.S. 1979. Soybean (Glycine max) cultivar
response to metribuzin in solution culture. Weed Research
27(3):278-79. May. [20 ref]
• Summary: Abstract. Twenty-eight commercial soybean
cultivars of maturity classes V through VIII were evaluated
for differences in response to metribuzin 0.125 ppm w/w
in hydroponic culture. The variety Semmes was the most
sensitive to the herbicide.
Note the interesting term “maturity classes” which was
later abandoned in favor of “maturity groups.” Address:
Asst. Prof., Agronomy Dep., Georgia Agric. Exp. Station,
Experiment, Georgia 30212.
2242. Luedders, V.D. 1979. Effect of maturity on competitive
ability in soybeans. Euphytica 28(2):509-13. June. [13 ref]
• Summary: “The effect of maturity on competitive ability
in two cultivars of soybeans... was evaluated. Maturity
dates within a genotype were simulated by removing half
the plants from pure stands at end of flowering and twice
later at approximately weekly intervals. Simulation of the
early maturity of an equal competitor gave a significant
competitive advantage to the late genotype only 2 out of 15
times. The average effect from simulation of earlier maturity
within the genotype was statistically significant, but small,
especially since the assumed difference in physiological
maturity was 27 days. Most genotypic difference in
competitive ability probably are due to characteristics
other than maturity.” Address: USDA-SEA-AR, Columbia,
Missouri 65211.
2243. Legocki, Roman P.; Verma, Desh Pal S. 1979. Nodulespecific plant protein (Nodulin-35) from soybean. Science
205(4402):190-93. July 13. [10 ref]
• Summary: “Abstract. Nodulin-35, a 35,000-molecularweight protein, is present in soybean root nodules developed
by different strains of Rhizobium japonicum, irrespective
of their effectiveness in fixing atmospheric nitrogen. This
protein is not detected in uninfected plants and bacteroids
or in free-living Rhizobium and appears to be synthesized
by the plant during the formation of root nodules.” Address:
Dep. of Biology, McGill Univ., Montreal, Canada H3A 1B1.
2244. Housley, Thomas L.; Schrader, L.E.; Miller, M.;
Setter, T.L. 1979. Partitioning of 14C photosynthate, and
long distance translocation of amino acids in preflowering
and flowering, nodulated and nonnodulated soybeans. Plant
Physiology 64(1):94-98. July. [27 ref]
• Summary: Partitioning of 14C assimilates among neutral,
basic and acidic fractions was not affected by the presence of
nodules or flowers. Labeled serine was significantly higher
in nonnodulated plants, and Y-aminobutyrate-alanine was
significantly higher in preflowering than flowering plants.
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The data suggested that the amino acids formed from current
photosynthate are the major ones translocated by soybeans.
Address: Dep. of Agronomy, Univ. of Wisconsin, Madison,
WI 53706.
2245. Leviton, Richard. 1979. Judging the suitability
of soybeans for tofu-making. Soycraft (Greenfield,
Massachusetts) 1(1):30-38. Summer. [40 ref]
• Summary: Contents: Introduction, Strategies for selecting
suitable soybeans: Composition analysis, shop tests, soybean
pedigrees. Soybean agronomy: Maturity groups, Japanese
and U.S. soybeans compared, environmental stress and
soybean composition. The physical and chemical properties
of soybean proteins: Physical description of the proteins,
hydration, solubility, soak-water pH, heat treatment,
phytates, disulfide polymerization. ionic environment and
salt concentration, denaturation of the proteins, future
studies.
Tables show: (1) Soybeans classified by maturity group
and composition. (2) Map of Maturity Groups in North
America. (3) Pedigrees of selected soybean cultivars released
in the U.S. and Canada. (4) Selections from Uniform
Soybean Tests: Year, variety, lowest protein, highest protein.
“Novice tofu-makers in this country undoubtedly have
experienced a full range of bewildering difficulties and
perplexing performances with their soybeans. In the early
days of Laughing Grasshopper Tofu Shop, for example, a
full day’s production, quite often, was (tearfully) discarded
because the tofu was too oily, or too crumbly, or too dense,
or, plainly, no good, and we were never able to determine
precisely the origin of the problem. We soon learned,
thereafter, about varietal differences among soybeans–there
are hundreds–and that certain varieties are simply better
suited for tofu production than others. Later, we received
two shipments of Corsoy–one from Minnesota, one from
Iowa–and the performances for each were startlingly
different, as if they were two different varieties altogether.
This was puzzling and the situation was repeated again,
when we experimented with Hodgson, reputedly good for
tofu-making: our results demonstrated poor performance,
yet reports from another shop indicated Hodgson was a
satisfactory tofu bean. Why is this?
“In this article we will look at the questions, how to tell
which varieties of soybeans are suitable for tofu, what makes
them so, why do some varieties perform poorly, and why
proven varieties can vary so greatly in their performances.
We will examine these problems from two primary anglesfirst, soybean agronomy, in order to assess the effect of field
conditions on soybean composition and quality, and second,
the physical and chemical properties of the proteins, in
order to examine the subtle biochemical interactions among
soybean components in tofu-making–and we will begin
with an assessment of several strategies for establishing
guidelines for selecting suitable soybeans for tofu.” Address:

Colrain, Massachusetts.
2246. Ozawa, Takeshi; Yamaguchi, M. 1979. Inhibition
of soybean cell growth by the adsorption of Rhizobium
japonicum. Plant Physiology 64(1):65-68. July. [13 ref]
• Summary: The sodium cholate-soluble fraction of
Rhizobium cell envelopes had a growth-inhibiting effect on
soybean cells in suspension culture. It was suggested that
rhizobial cell surface components cause a similar inhibition
of soybean cell growth after adsorption during the infection
process.
“Results in this paper suggest that components of the
Rhizobium cell surface cause the inhibition of soybean cell
growth after the adsorption of the Rhizobium cell to the
soybean cell.
Note: Sodium cholate is a trihydroxy bile salt that is
used as a digestive aid in dietary supplements. It is used in
culture media and in conjunction with papain and pancretin.
Address: Dep. of Agricultural Chemistry, Univ. of Osaka
Prefecture, Sakai, Osaka, Japan.
2247. Tu, J.C. 1979. Alterations in the membranes of
bacteroidal cells in soybean root nodules as revealed by
freeze fracturing. Physiological Plant Pathology 15(1):3541. July. [22 ref]
• Summary: In the early stages of nodulation, the bacteroidal
plasma membrane contained a significantly higher density of
intramembraneous particles (IMP’s) than did non-bacteroidal
cells, and this increased further as nodulation progressed to
the intermediate stage. Small areas devoid of IMP’s were
observed, becoming larger, more numerous, and frequently
bounded by an area of high IMP density. These observations
were interpreted to show that the plasma membrane of
bacteroidal cells and the membrane envelope become
highly active during nodulation. Address: Research Station,
Agriculture Canada, Harrow, Ontario N0R 1G0, Canada.
2248. Wann, Mien; Raper, C.D., Jr. 1979. A dynamic model
for plant growth: Adaptation for vegetative growth of
soybeans. Crop Science 19(4):461-67. July/Aug. [20 ref]
• Summary: “A dynamic model for vegetative plant growth
has been constructed with a set of nonlinear, ordinary
differential equations. The model accepts photosynthetically
active radiance (PAR) between 400 and 700 nm wavelengths
as input and quantitatively predicts the partitioning of
photosynthate to leaves, stems, and roots over a normal
range of temperatures.” Address: Raleigh, North Carolina.
2249. Bernard, Richard L. 1979. [Soybean] germplasm
resource development. In: R.W. Judd, ed. 1979. 50 Years
with Soybeans. Urbana, IL: National Soybean Crop
Improvement Council. 86 p. See p. 8-16.
• Summary: “The soybean crop was established in the
Midwest using Chinese varieties introduced from northeast
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China (the area called “Manchuria” at that time), an area
with soils and climate similar to those of our Midwest and
one where soybeans were already being grown on a large
commercial scale. In contrast to most of the rest of eastern
Asia where soybeans were grown in gardens or small plots
for local food use, in Manchuria soybeans were grown on
a large commercial scale (as much as 50% of the total crop
area) and were used for oil extraction with the meal used for
animal feed or fertilizer. Large shipments of soybeans were
made to Japan and to oil extraction mills in western Europe.
“During the early part of this century many hundreds
of soybean varieties were introduced from eastern Asia and
tested by U.S. agronomists for performance here. Virtually
all of the successful ones were from central and southern
Manchuria, where large scale commercial production had
already been underway for several decades. Thus, the success
of the Midwest soybean industry was based to a large extent
on the earlier successful development of a similar industry
of soybean production and oil extraction in northeast China.
We owe a debt of gratitude to the unknown Chinese plant
breeders or farmer-selectors who developed these basic
commercial-type soybean varieties.
“Beginning in the late 1930’s and 1940’s soybean
breeders in the USDA-state experiment station breeding
programs, through hybridization and selection, were
developing improved varieties with higher yielding ability
and more resistance to lodging and shattering and to the
prevalent diseases. By the 1950’s virtually all acreage was
planted to these products of the scientific breeders’ art, yet
even down to the present day these American varieties trace
the bulk of their ancestry to a small group of successful
introductions, largely from northeast China. This is specified
in Table 1 for major northern and southern US varieties. The
introduced parental varieties and their place of origin is listed
across the top of the table. Most of these have American
names because they were grown here commercially after
being introduced. The eleven northern varieties listed
occupied 2/3 of the northern US acreage in 1978 and trace
to eleven introduced varieties, all but two from northeast
China. The nine southern varieties occupied over 80% of the
south-central acreage and trace to twelve introduced varieties
with five of them in common with the northern varieties.
The remaining acreage is planted to various varieties, each
with less than 2% of the regional acreage. Almost without
exception these are from the same parentage as those listed,
and so, if all US commercial varieties had been included,
there would be very few ancestral varieties added to the
table. Thus, only fifteen introduced varieties have provided
the germplasm on which our soybean industry is based.
Much research, testing, evaluation, and hybridization has
been done with some of the thousands of other soybeans
introduced to the U.S., but much more work remains to be
done in the effort to broaden and improve our germplasm
base. One of the first and most basic steps is to obtain,

maintain, and make available to researchers soybean
germplasm from all over the world.
“The history of soybean introduction in the United
States can be divided into seven periods from 1898 to the
present (Table 2). Prior to 1898 “... there were not more
than eight varieties of soybeans grown in the United States”
according to C.V. Piper and W.J. Morse writing in “The
Soybean” (1923). Prior to 1925 soybean introductions were
obtained through consuls, missionaries, and seedsmen, as
well as local agronomists and a few agricultural explorers
such as Frank Meyer who traveled extensively in China. A
major contributor was USDA plant explorer P.H. Dorsett,
who collected nearly 1,500 soybean types in Manchuria in
1925 to 1927. An agricultural exploration trip in northern
China, Korea, and Japan in 1929 to 1931 by Dorsett and W.J.
Morse brought in 4,578 varieties.
“As the soybean grew in importance in this country and
access to its homeland was restricted because of war and
political problems, it was realized that a permanent system
of maintaining soybean germplasm must be established.
Relatively few varieties were grown in this country, and
these, being closely interrelated, provided only a very
limited range of germplasm. Until just 30 years ago no
formal preservation system for soybean germplasm existed.
Most of the introduced varieties had been discarded if not
of immediate usefulness. Of the 8526 soybeans introduced,
only 1580, or less than 20%, were still around in 1949
when the present germplasm collection system was begun.
Under the direction of Dr. Martin Weiss of the USDA’s
Soybean Investigations a soybean germplasm collection was
established with the late varieties (Group V and later) to be
maintained at Stoneville, Mississippi, and the early ones at
Urbana, Illinois. Dr. E.E. Hartwig has been curator of the
southern collection from the beginning, and I have looked
after the northern collection since 1954. Table 2 indicates
how this collection has grown to its present size of over 8000
and Table 3 gives the breakdown by maturity group as of
last January. After a long period of passive additions (1933
to 1968) we have renewed our efforts to actively collect the
world’s soybean germplasm. Large collections have been
obtained from colleagues in Japan, South Korea, and the
Soviet Union. Of course, China is a most important source
of soybean germplasm. Most of the older introductions
including those of Dorsett and Morse are from northern
China, leaving large areas of southern and western China
virtually untapped. In recent years we have begun to obtain
a large number of soybeans from China, many of them via
the Soviet Union. With the present favorable relations we
are hoping to greatly increase the number of accessions from
China in the near future.
“In addition to the major collections of U.S. and foreign
varieties, we maintain a heavily used Genetic Collection
of over 400 strains of special interest to geneticists. This
includes a large collection of genetic isolines which we
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have developed and which are widely used by researchers in
genetic studies and in assaying the effects of individual traits,
such as pest resistance, time of maturity, growth type, leaf
shape, pubescence type, etc.
“We have a very extensive collection of species related
to soybeans. The wild soybean (Glycine soja) is the closest
relative, and since it can be easily crossed with soybeans;
offers a potential source of pest resistance or other traits
not present in soybeans. Just 10 years ago there were 8
entries of this species in the collection. Now, by virtue of
some collection trips that I have made and through the help
of colleagues in eastern Asia the number has grown to 558
(Table 4). The other species of the genus Glycine are all
perennials from Australia, southeast Asia, and South Pacific
islands, and although they cannot be cross-pollinated with
soybeans, they provide interesting material for research into
the botanical origin of soybeans. We now have a collection
of over 100 accessions of these species (Table 5). All of these
are made available on request to research workers throughout
the world.
“The soybean collection is heavily used, with over
10,000 packets sent out each year. Some of the traits for
which soybean germplasm has been evaluated are listed in
Table 6. Success stories can be told about finding resistance
to cyst nematode, new races of phytophthora root rot,
soybean mosaic virus, etc. Future progress in yield, pest
resistance, plant growth type, and seed composition will
depend heavily on this germplasm collection as a source of
new desirable genes for the varieties of the future.” Address:
AR-SEA-USDA, Univ. of Illinois.
2250. Hartwig, Edgar E. 1979. Soybean varietal development
1928-1978. In: R.W. Judd, ed. 1979. 50 Years with Soybeans.
Urbana, IL: National Soybean Crop Improvement Council.
86 p. See p. 2-7.
• Summary: “To satisfactorily discuss soybean varietal
development over the past fifty years, some attention should
be given to developments prior to 1928.
“Interest in soybeans had become great enough by
1907 for the U.S. Department of Agriculture to hire a man
to spend most of his time on soybean research. Along with
his work with soybeans, W.J. Morse had responsibilities for
cowpeas, mung beans, and several other annual legumes. In
addition to his own plantings in the Washington [DC] area
and on a farm near Monetta, South Carolina, W.J. Morse
distributed seed of new introductions to anyone expressing
an interest in soybeans. This program served to get many of
our older varieties established. Among his closest contacts at
the State Experiment Stations were C.B. Williams in North
Carolina and W.L. Burlison at Illinois.
“All varieties grown in 1928 to be harvested for seed,
were to a great extent the result of someone primarily
involved in some other activity planting soybean seed that
was sent to them by W.J. Morse. It is also quite likely that

W. J. Morse visited these plantings and permitted his quiet
enthusiasm to somehow influence the individual toward
thinking he was growing a crop with a great potential.
“About 1928, the U.S. Department of Agriculture
employed a second man to do research with soybeans.
However, J.L. Cartter’s role was primarily to evaluate the
many soybean introductions from eastern Asia for their
composition of oil and protein. At this time soybeans
were a forage crop. That a man was employed to study the
composition of the seed indicates that men in a leadership
role within the research organization of the U.S. Department
of Agriculture recognized the future of the soybean to be in
utilization of the seed for oil and protein rather than in the
use of the entire plant in an immature stage for forage. In
their book, The Soybean, by Piper and Morse published in
1923, the authors express optimism of soybeans becoming a
major farm crop but state ‘but not as a forage crop.’
“In 1936 the U.S. Regional Soybean Laboratory was
established to serve the 12 North Central States. The concept
of this Laboratory was never fully financed. Plans called for
production research and research to develop industrial uses
for the beans. The first research programs for improvement
of soybeans by breeding were included in the production
research program.
“The breeding research was supported in a rather limited
manner. Martin Weiss, who had completed work toward a
Master of Science degree, was employed on a full-time basis
to work cooperatively with the Iowa Agricultural Experiment
Station, but was allowed to continue his studies toward a
PhD degree. Upon the retirement of W.J. Morse in 1950,
Martin replaced Morse as Investigations Leader for soybean
research within the Agricultural Research Service. This then
became a full-time position as responsibilities for cowpeas,
mung beans, etc. were directed elsewhere.
“One-half time positions for varietal development work
were established in cooperation with the Illinois, Indiana,
Ohio and Missouri Agricultural Experiment Stations.
Leonard Williams was hired at Illinois and he became a
full-time employee after completing studies leading to a
PhD degree in 1937. Al Probst at Purdue was also one of the
original employees, but did not become a full-time employee
until 1938.
“A cooperative program for the Southern States
was initiated in 1943 with research located at Stoneville,
Mississippi and Raleigh, North Carolina. Paul Henson, now
famous as the father of Jim Henson of the Muppets, was
located at Stoneville until he was transferred to other work
at Beltsville [Maryland] in 1948. I was located at Raleigh,
North Carolina until I transferred to Stoneville. Herbert
Johnson then took over at Raleigh. In 1955 a third location
for breeding research was established at Gainesville, Florida.
“By 1954 U.S. soybean acreage harvested for beans
had reached 17 million with an average yield of 20 bushels
per acre. At that time there were six people employed by the
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U.S. Department of Agriculture as soybean breeders. It was
another 10 years before any State Experiment Station had an
employee giving full time to soybean breeding research.
“The Coker Pedigreed Seed Company of Hartsville,
South Carolina has given some attention to soybean selection
and breeding for about 50 years [i.e. since about 1929].
They have had a full-time breeding program with soybeans
since the mid-fifties. For many years Coker’s were the only
commercial seed company actively engaged in soybean
breeding. After establishing the Plant Variety Protection Act
in 1971, many commercial companies became interested
in soybean varietal development. The number of federal,
state, and private plant breeders is now approximately 75.
However, the 29.5 bushels per acre average on over 63
million acres harvested in 1978 was made with varieties
developed by the 12 to 15 breeders on the job in the mid1960’s.
“Morse and Cartter, in 1939, described 108 varieties
of soybeans. All were introductions from Asia, selections
from introductions, or natural crosses that had occurred
among introductions. Of the 108 varieties described, 37 were
considered to be seed producing types. Only 14 of these
were grown on any appreciable acreage. Dunfield, Illini,
Macoupin, Manchu, Mandarin, Mandel, Mukden, Richland,
and Scioto were the principal varieties grown in the North
Central States for seed production. Arksoy, Haberlandt,
Mammoth Yellow, Tokyo, and Woods Yellow were the
major varieties planted for seed harvest in the South. Several
of these varieties are in the parentage of varieties now in
production.
“Since 1942 one hundred twenty-four soybean varieties
have been registered by the Crop Science Society of
America. Of these number five of the older varieties were
selections from introductions. All other were selections from
segregating populations resulting from planned crosses.
“Introductions from the northeastern providences of
China were the source for varieties such as Dunfield, Illini,
and Mukden which were some of the more widely grown
varieties in the north central region. A major step in varietal
improvement was made with the release of Lincoln in 1944.
Lincoln resulted from a cross made by Woodworth at Illinois
and selected jointly by Williams and Woodworth. Lincoln
had a 4-year average yield 17% greater than the mean for
Dunfield and Illini, the varieties it replaced. Lincoln was
also superior to these two varieties in resistance to lodging
and in oil content of the seed. Another variety having a
major impact on production was Hawkeye, released in 1948.
Hawkeye was earlier in maturity than Lincoln. It remained a
major variety for approximately 20 years.
“In addition to the impact Lincoln had on soybean
production, it also played an important role as a parent.
Leonard Williams crossed Lincoln with Richland and then
backcrossed to Lincoln. Four major varieties came out of
this material–Clark of maturity group IV, Chippewa of

maturity group I, and Ford and Shelby of maturity group III.
In 1965 these four varieties were estimated to be grown on
approximately 30% of the U.S. acreage. Lincoln parentage
is very evident in the highly productive and widely grown
variety Williams.
“In the South, the first variety to have a major impact
on production was Ogden, released from the Tennessee
Agricultural Experiment Station about 1943. Ogden
produced well but was weak in seed holding and had green
seed coats. The green seed coat was disturbing to Japanese
buyers after purchasing yellow soybeans. Lee released in
1954 had an even greater impact on production in the South.
Lee yielded well, held its seed extremely well, and was
resistant to several foliar diseases which were responsible for
reducing seed yield. Because of Lee’s performance acreage
began to increase. For several years Lee was grown on about
85% of the soybean acreage in the South. Lee or lines closely
related are in the background of most varieties now grown in
the South. Bragg, released in 1963, had a sister line of Lee
as one parent. Bragg was 10 days later than Lee and soon
became one of the major varieties in the U.S.
“Soybean production in the U.S. covers a range of over
20 degrees latitude. This means that productive varieties
were needed of different maturity classifications and with
production qualities to fit the different production regions.”
(Continued). Address: ARS, SEA, USDA, Delta Branch Exp.
Station, Stoneville, Mississippi 38776.
2251. Hartwig, Edgar E. 1979. Soybean varietal development
1928-1978 (Continued–Document part II). In: R.W. Judd, ed.
1979. 50 Years with Soybeans. Urbana, IL: National Soybean
Crop Improvement Council. 86 p. See p. 2-7.
• Summary: (Continued): “As soybeans were grown in Asia
with small units and hand culture, shattering was no problem.
In fact, varieties that shattered could perhaps be tramped
out more readily. Planting for machine harvest and at higher
fertility required that our varieties have greater standability
as well as an ability to hold their seed for several weeks after
reaching harvestable maturity.
“Foliar diseases and root-knot nematodes were
recognized as factors limiting yield as research on variety
development began in the South. Consequently parents were
selected to contribute resistance to major disease problems.
Less attention was given to disease resistance in the North
until phytophthora rot was recognized as a problem in the
area of northeast Indiana–northwest Ohio in the early 1950’s.
Breeding programs were modified to permit incorporating
resistance to phytophthora rot. Several varieties were
modified by back-crossing. Harosoy 63 and Clark 63 were
among the first phytophthora rot resistant varieties to be
released.
“Breeding varieties with resistance to phytophthora rot
continues to receive major attention in the central south as
well as the north central region. We now recognize nine races
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of the organism causing phytophthora rot. The variety Tracy
is resistant to all of these races. However, additional isolates
have been found which will kill Tracy when the hypocotyl is
inoculated in the greenhouse. Thus the plant breeder must be
continually alert to new strains of pest problems.
“Identification of the soybean cyst nematode in North
Carolina in 1954 has made it necessary for plant breeders to
search the germplasm collection for sources of resistance.
A productive resistant variety was supplied to Foundation
Seed Stocks organizations in four states within 10 years after
a source of resistance was identified. Second cycle varieties
such as Forrest and Centennial not only had good resistance
to the more common forms of cyst nematodes, but are top
producers in the absence of cyst nematodes. However, as
cyst resistant varieties came into production we recognized
another strain of the cyst which reproduced readily on
varieties such as Forrest and Centennial. Another search for
resistance had to be made and a new program initiated to
incorporate this resistance. The variety Bedford, resistant to
the newly recognized strain of cyst nematodes as well as the
old, was released in 1977.
“Although resistance to cyst nematodes is important for
a variety to be grown on infested soil, it now appears that
much of the yield depression attributed to cyst nematodes
in the central south, is the result of low fertility resulting
from continuous cropping of soybeans with inadequate
fertilization.
“In order to make progress in developing more
productive soybean varieties, the plant breeder must
recognize factors which limit yield. The physiologist has
offered little assistance in identifying factors which would
contribute to increased yield. Thus, incorporating resistance
to pest problems has been one of the major approaches for
improving seed yields or reducing the hazards to production.
Pest problems have offered greater limitations to production
in the South than in the North.
“In addition to resistance to fungi, bacteria, viruses, and
nematodes, we have also identified good resistance to foliarfeeding insects. No varieties have been released from this
program, but progress is well underway. We have recognized
a considerable range in rate of insect development among
varieties now in production.
“Loss from stink bug feeding is severe in some areas
each year. Feeding by the stink bug on the developing
soybean seed may cause the pod to fail to develop or for
the seed to be of lower quality. The grower suffers a loss in
yield and frequently a lower price. The stink bug transmits
a yeast fungus on its mouth parts which causes much of the
problem in the seed. We have identified a soybean strain
which appears highly resistant to the yeast fungus when it
is introduced into the developing seed. Work is underway to
transmit this quality to productive varieties.
“Seed quality is frequently a problem where varieties
mature under conditions of high temperature and frequent

light rains. An impermeable seed coat character has been
transferred from the wild soybean to a productive cultivated
type. Pilot studies show greatly reduced deterioration in
the field. The normal harvesting operation gives sufficient
scarification for most of the seed to germinate. Further
scarification will occur in seed processing and handling.
“At times we read that the germplasm base for
soybean varieties is narrow and thus our varieties are
vulnerable to destruction. Variability in itself does not insure
protection. High levels of resistance to pest problems are
usually rare and must be identified in carefully conducted
research programs. Once the resistance is identified it
must be transferred to a productive type in a well managed
breeding program. For example, in developing a variety
with resistance to race 4 of the soybean cyst nematode, we
screened over 35,000 F2 seedlings in 3 cycles of a modified
backcrossing program to obtain 125 agronomically desired
types for advancing to replicated tests for yield evaluation.
“Many germplasm lines have been used in breeding
programs. Unless a specific quality is obtained or high
productivity they are not continued in the breeding program.
It is the lines with the Lincoln or Lee backgrounds that give
the productivity. There is no reason for a farmer to select a
variety with a 10% lower yield level just to achieve diversity,
since diversity in itself offers no protection. In the U.S. we
have people of many backgrounds. With an outbreak of
influenza we see little protection from diversity.
“Where protection is needed we do have diversity, but
this diversity was identified and incorporated in a planned
program covering a 30-year period. The variety Forrest has
in its background several strains from northeast China, two
strains from south central China, plus strains from Korea and
Japan. However, Forrest is widely accepted because of its
productivity, not because of its diverse background. Forrest
is resistant to two species of root-knot nematodes, two races
of soybean cyst nematodes, reniform nematodes, to the major
foliar diseases that we have in the South, and has a moderate
level of resistance to phytophthora rot.
“Progress has been made in developing highly
productive types higher in protein and lower in oil than the
general trend of varieties in production. These types may
have a place in our production program should sunflower,
palm oil, or other oilseed crops be greatly expanded. High
protein types may also have a specialty market for direct
food uses.
“Interest has been expressed in greatly modifying soy oil
composition. The variability within the soybean germplasm
collection does not offer promise for rapid progress in this
regard.
“Any variety developed by a plant breeder must be
productive if it is to be grown. At times appearance factors
may influence acceptance. However, we must realize that
U.S. markets frequently offer discounts, never premiums.
Thus, however seed composition may be modified, seed
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yield cannot be sacrificed. Similarly as we build in protection
against pest problems, yield cannot be sacrificed.
“Soybean varieties have been available for production in
the northern latitude of the U.S. for some time. This year we
will have several thousand acres of soybeans grown in the
Rio Grande Valley [of southern Texas]. This gives us a series
of productive varieties covering a latitude range of about
48º to 26º. As the plant breeder develops more productive
varieties, he must have the help of other disciplines in
identifying factors which limit productions. As these
limiting factors are identified, then our germplasm collection
becomes an even more valuable asset as a place to search
for characters which can permit us to improve our breeding
material.
“Variety development is a continuous building program.
As new limiting factors are recognized the character to
correct these factors must be added, not substituted for other
desired qualities. In the past 30 years the number of soybean
breeders has increased manyfold. However, we will probably
continue to depend on a few moderately well financed
research centers for major varietal improvements.” Address:
ARS, SEA, USDA, Delta Branch Exp. Station, Stoneville,
Mississippi 38776.
2252. Howell, Robert W. 1979. Fifty years of soybean
physiology. In: R.W. Judd, ed. 1979. 50 Years with
Soybeans. Urbana, IL: National Soybean Crop Improvement
Council. 86 p. See p. 22-26.
• Summary: “Physiology is the most recent of the major
disciplines to have developed in soybean research. The really
active period of soybean research dates back only about 20
years but the advent of physiology research as it has affected
soybean research and production goes back beyond the
50 year period of the NSPA. Before the beginning of this
century it was recognized that some principle in the soil was
of special significance to the leguminous plants including
soybeans. It was soon found that soil bacteria in symbiosis
with soybean and other legumes could use nitrogen from the
air. Later in the early years of the century soybeans were one
of the plants used in the discovery of the effect of the length
of day on flowering. This effect is called ‘photo-periodism’.
“The photoperiod response was discovered in 1918 by
Garner and Allard. The soybean was included in their study
because of an observation by Mooers of Tennessee in 1908
that the time a variety required to mature was influenced by
the planting date. Borthwick and Parker beginning in the
mid-1930’s showed that it was the length of the night rather
than the length of day that is the important factor. Along with
Hendricks and others they isolated the pigment responsible
for the response to light and called it phytochrome in the late
1950’s. Working with Borthwick, Johnson and Leffel showed
that there are photoperiod effects on other stages of the
growth cycle as well.
“The maturity group concept adopted early in the

modern period of soybean breeding research was probably
the first and perhaps the most significant application of
photoperiod in field crops. This principle is of course widely
used in the greenhouse ornamental industry to insure that
flowering is synchronized with holidays.
“Experience in the southern states and more recently
internationally shows that flowering and maturity are
influenced by other environmental factors also. The effect of
day length however remains a paramount factor.
“Photoperiod research on soybeans proceeded as a
matter of scientific interest and mostly preceded what might
be called institutional soybean physiology research–that is
research motivated by the needs of soybean production. The
first physiologist on the USDA soybean project was Ernest
Earley beginning in 1937. He remained about seven years.
After World War II he was succeeded by Dean McAlister.
Their work was mostly directed toward mineral nutrition,
probably looking for the secret of how to apply fertilizer
profitably. The emphasis on mineral nutrition continued
after I succeeded McAlister in 1952. Earlier, Martin Weiss’s
work prior to world War II had shown that differences in iron
nutrition response were heritable. J.C. Brown and Charles
Foy and others at Beltsville studied the physiological basis
of these iron differences in great detail during the 1950’s and
1960’s.
“It became evident that the response of soybeans to
fertilizer was not as easily manageable as was the corn
response. Dr. Pesek will discuss nutrition in more detail.
“Since soybeans could not be made to respond to
management practices as did other popular crops interest
turned to comparative physiology. Could a comparison of
physiological processes in different crops provide a clue as to
why soybeans do not respond and yield like other crops such
as corn? Many differences are apparent or can be inferred.
“Differences in seed composition: The high levels of oil
and protein in soybeans and the energy requirement in their
synthesis contrasts with very high levels of carbohydrates in
the cereals.
“The nitrogen fixation system: How much energy does it
take to operate this system, which occurs in soybeans but not
in corn?
“Photosynthesis: This is the beginning of life processes.
It can be speculated that if soybeans get off to a disadvantage
in photosynthesis they can never catch up to the performance
of other crops. Does photosynthesis in soybeans differ from
that in corn?
“Growth regulators or directors: Is there some natural
regulator that is deficient or out of balance in soybeans that
holds the crop back?
“Water relations.
“Comparisons were also envisioned within soybeans,
such as comparing fields that had a reputation as ‘good’
soybean fields with those whose reputation was ‘poor’.
“So a very significant increase in soybean physiology
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research began about 20 years ago. In looking for a reason
for the rapid increase the recognition of stimulating
questions such as those mentioned above was important.
However, the significance of funding from NSPA in that
early period, of the legislative contacts over many years by
Judd, Strayer, Jackson, at al., and of funding from Check-Off
Boards can hardly be overestimated. Physiology research
not only of soybeans but of most crops had been minimal.
The mainstream of plant physiology research was towards
cell organelles and biochemical process, and away from
crop production problems. The soybean industry interest
in funding has been a major factor in the growth of ‘crop
physiology’ not only in soybeans but in other crops as well.
“Photosynthesis deserves special mention. William
Ogren began work on soybean photosynthesis in 1965.
I believe he was the first person who had been trained
primarily in biochemical photosynthesis to be employed on
a project which was production oriented. Many others began
in the ensuing years. Soybean photosynthesis research has
ranged from whole plants in the field to the molecular and
below. Some questions which have been addressed include:
Is photosynthesis in soybeans different from that in corn
and other ‘more efficient’ crops? Can a genotype with more
effective photosynthesis be identified? Can crop geometry be
manipulated to achieve more efficiency? Is translocation too
slow? Is nitrogen fixation a drag?
“Some of these questions have been answered.
“Photosynthesis in soybeans is indeed different from
that in corn. The discovery of photorespiration was a major
event in understanding the difference. There is a ‘leak’ in the
soybean system represented by photorespiration which burns
some of the photosynthate unproductively. As in mechanical
systems there is no way to get as much production (i.e.,
economic yield per unit of photosynthesis) from a system
that is leaky as from one that isn’t. The tracing of this
problem to ribulose diphosphate carboxylase is largely the
work of Ogren. He was recognized with the crop science
award at the 1979 CSSA meeting.
“Genotypic variation in photosynthesis within a species
seems slight. This conclusion is based on work with many
species. Specifically genotypes of soybeans and other
photorespiration species have not been found which lack the
photorespiration trait.
“Planting rates, row spacing, leaf angle and shape
and such variables have been re-examined. Most results
confirmed earlier findings of yield responses without
any definite conclusion as to how much of the observed
responses could be attributed to photosynthesis.
“There is considerable evidence that nitrogen
fixation uses up a lot of photosynthate. On the one hand,
photosynthesis supply limits nitrogen fixation; on the
other, the nitrogen fixing system is competing with yield.
But experiments of C.R. Weber two decades ago in which
nonnodulating lines could not be boosted to higher yields

than nodulators have not been refuted.
“The last 15 years has been a period of rapid progress
in studies of nitrogen fixation. The advent of the acetylene
reduction method accelerated by several orders of
magnitude the speed of measurement of nitrogen fixation
while increasing accuracy and simplifying the process.
Work on nitrogen fixation has attracted very significant
attention. Very recently Winston Brill of the University
of Wisconsin received the Humboldt Award for his work
on nitrogen fixation. Last year R.H. Burris, also from
Wisconsin, received the Browning Award from the ASA for
his nitrogen fixation research. Soybeans have received their
share of attention in nitrogen fixation research. Uniquely
the Beltsville group beginning with Johnson and Means
and continued by Caldwell and D.F. Weber has shown
genotypic differences in strains of bacteria and strain-variety
interactions. Recently in Puerto Rico, Smith has found
strains which seem unusually tolerant of high temperatures,
an observation that may be important in efforts to establish
nitrogen fixing strains in tropical soils. The problem of
establishment stands as the biggest current barrier to
application of the results of nitrogen fixation research to
production problems. Experienced fields generally have
an established population of R. japonicum. There are not
yet ways to displace the established population with a new
population” (Continued). Address: Univ. of Illinois.
2253. Howell, Robert W. 1979. Fifty years of soybean
physiology (Continued–Document part II). In: R.W. Judd, ed.
1979. 50 Years with Soybeans. Urbana, IL: National Soybean
Crop Improvement Council. 86 p. See p. 22-26.
• Summary: (Continued): “Water relations have received
some attention by physiologists, notably, Mederski at Ohio
and Boyer at Illinois. It is obvious that plants cannot get
along without water. Runge and Odell of Illinois and also
Thompson of Iowa State have studied climatic effects
and shown that there are critical periods when the crop is
especially sensitive to water stress. Mederski showed that
even a modest water deficit can be amplified as a reduction
in photosynthesis. The problem of water is that there is
sometimes too much and sometimes too little. Irrigation has
expanded very greatly in the Plains states and is becoming
increasingly popular in the rain-fed areas of the middle west
and south. In some years drainage may be needed or both
drainage and irrigation may be needed at different times in
the same season.
“Growth substances have the attraction of the magic
bullet. The discovery of the first plant hormone called
‘auxin’ by Went about 50 years ago introduced the period
of growth substance research. There has been work on
soybeans with growth substances for many years. The
response of soybeans to TIBA was reported in 1943 in the
Ph.D. thesis of Galston and was studied further by Anderson
and others in the 1960’s. Various substances thought to
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have potential for fruitset, hybridization, modifying growth
habit, increasing photosynthesis, or simply increasing yield
have been studied to various extents. To name a few: Auxin
(indole acetic acid), the closely related naphthalene acetic
acid, 2-4D in combination with minor elements, Duraset,
FW450, gibberellic acid, abscisic acid, and currently benlate.
In addition there are many poorly described products offered
for sale after little or no critical evaluation and with little or
no theoretical basis to suppose they might be useful.
“Oil and protein synthesis have been thought to
be important for several reasons. Obviously they are
important in the products derived from soybeans and so
by reference information as to their synthesis would be of
interest. Problems encountered in using soy oil and protein
are attributed to such constituents as linolenic acid, low
methionine, etc. A given number of calories of oil weigh
only half as much and of protein about 3/4 as much as those
calories in carbohydrates. So the impact on yield of using
energy to make these high energy products is obvious. There
has not been very much work on oil and protein synthesis.
Rinne is the only one who has made this a major research
area. However, others including Brim have had a continuing
interest. Brim characterized all of the genotypes that were
available a few years ago as to their linolenic acid level.
Genotypes are available with levels as low as about four
percent linolenic acid, which is about half the normal level.
A level considerably lower, perhaps as low as one percent
linolenic acid is thought to be needed to avoid problems that
occur in cooking with soybean oil.
“With all these areas of research most physiologists
would like to identify an easily measurable trait that would
be a good index to yield. This objective has been elusive
and may be illusory. The physiology research community
is still very young, however, and needs to be encouraged to
continuing probing as deeply as possible into what makes the
soybean tick.” Address: Univ. of Illinois.
2254. Pendleton, Johnny W. 1979. Cultural practices and
mechanization. In: R.W. Judd, ed. 1979. 50 Years with
Soybeans. Urbana, IL: National Soybean Crop Improvement
Council. 86 p. See p. 17-21.
• Summary: “The topic, Cultural Practices and
Mechanization, is the most important now or whether one
goes back 50 years or even 12,000 years, when agriculture
and civilization began. This is where the grower becomes
actively involved and expends his money and energy. This is
where all components of the art and science are synthesized
into a profitable enterprise. Poor research or grandiose
hypotheses are quickly discarded in the competitive world of
present day agriculture.”
The author states that cultural practices encompass
variety selection through tillage, fertilizer, pest control,
planting pattern, harvesting, and storage. In his discussion,
he covers double cropping, minimum tillage, irrigation,

growth regulators, row spacing, and seed quality.
“Harvesting: Not until combines were brought into the
Midwest from Western wheat states in 1924 did soybean
acreage really increase. This crop has presented a great
challenge in reducing losses in the harvesting process. Until
recently average losses were 9 to 10 percent.
“The problems or challenges have been:
“1. Low uniform cutting heights must be maintained.
Low enough not to hit low pods, yet not pick up dirt or small
stones.
“2. Fast knife speed to not allow stalks to slip along the
knife blade.
“3. Cultivation practices which ‘earth up’ the rows.
“4. Gentle yet positive control of the plant to reduce
shatter or cutting losses before and after cutting.
“5. Save shattered beans.
“6. Lodged stalks or branches must be lifted above the
cutting zone.
“Agricultural Engineers Bichel and Hengen reviewed
nine patents to help satisfy these requirements. Their
conclusion was that only the Hume-Love floating cutter bar,
Baker’s bean plow, and the Sutherland row crop head have
led to production models.
“The flail or beater harvesters used before combines
resulted in 40% field losses, the cut and thresh methods
which involved mowing, windrowing, hand cocking, hauling
and threshing often resulted in 50% losses primarily by the
seed shattering during all these operations.
“Recent innovations are the air jet system on the cutter
bar developed at the University of Illinois, and the puller
developed at Purdue University [West Lafayette, Indiana].
Both reduced losses by 40-50 percent but have practical
problems. The increased power requirement of the air jets
and the dirt problem introduced by the pullers remain as
challenges.
“The introduction of soybean row crop heads and/
or flexible bar headers will reduce field losses to almost
half that of conventional grain combine heads. These have
potential of leaving only 3-5% in the field.
“The new rotary cylinder combines may have special
appeal to seedsmen because the seeds are not separated from
the pods as violently as in conventional combines.
“All agricultural engineers working on the soybean
harvest loss problem would dearly love to see the plant
breeders eliminate plant lodging and raise the podding height
greater than six inches above the soil surface.” Address:
Agronomy Dep., Univ. of Wisconsin.
2255. Auch, D.E.; Arnold, W.E. 1979. Dicamba use and
injury on soybeans (Glycine max) in South Dakota. Weed
Science 26(5):471-75. Sept. [16 ref]
• Summary: Soybeans are extremely sensitive to dicamba,
which controls certain broadleaf weeds in corn, small grain
and pasture. Since soybeans are often grown adjacent to
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corn, drift injury can occur from dicamba application to corn.
Address: Former Graduate Research Asst. and Assoc. Prof.,
respectively, Plant Science Dep., South Dakota State Univ.,
Brookings, SD 57007.
2256. Boerma, H.R. 1979. Comparison of past and recently
developed soybean cultivars in maturity groups VI, VII, and
VIII. Crop Science 19(5):611-13. Sept/Oct. [5 ref]
• Summary: “In the southeastern U.S., soybean... seed yields
have increased due to improved cultivars, cultural practices,
and general management. To determine the contribution
of improved genotypes to this increase, 18 cultivars in
maturity groups VI, VII, and VIII ranging in introduction or
release date from 1914 to 1973 were evaluated in a common
environment for 3 years. Other plant traits were evaluated
to determine if differences existed among cultivars and if
these differences were associated with year of release and
seed yield. The regression of seed yield on year of release
indicated significant genetic improvement in seed yield had
occurred. Averaged over all maturity groups for the period
1942 to 1973, this increase was 0.7% per year.” Address:
Assoc. Prof. of Agronomy, Univ. of Georgia, Athens.
2257. Bulletin CETIOM. 1979. Où peut-on cultiver du soja
en France avec des chances de réussite? [Where can one
cultivate soya in France with a chance of success?]. No. 76.
p. 15-16. 3rd trimester. [Fre]
• Summary: A table shows the varieties registered as of
1 March 1980: Group 00 Group 00 (cycle 95-110 days):
Altona, Maple Arrow. Group 0 (115-125 days): Swift, Evans.
Group I (125-145 days): Hodgson, Bonna, Weber. Group II
(140-160 days): Amsoy 71, Wells, Kingsoy, Sloane, Verone.
Soybeans have been shown to be economically
successful in southwest France. A map of France shows the
areas where each maturity group does best, and the ideal
planting dates. Address: France.
2258. Egli, D.B.; TeKrony, D.M. 1979. Relationship between
soybean seed vigor and yield. Agronomy Journal 71(5):75559. Sept/Oct. [26 ref]
• Summary: Abstract: “Field conditions at planting were
near optimum and field emergence was high for all seed
lots in all 3 years of the experiment. Thus, there was no
relationship between seed vigor and emergence or final
stand, regardless of cultivar or planting rate. Seed vigor had
no effect on yield regardless of cultivar or planting rate.
In the absence of stand differentials, there appears to be
no yield advantage associated with the utilization of high
vigor planting seed.” Address: Assoc. professors, Dep. of
Agronomy, Univ. of Kentucky, Lexington, KY 40946.
2259. Hopper, N.W.; Overholt, J.R.; Martin, J.R. 1979.
Effects of cultivar, temperature and seed size on the
germination and emergence of soya beans (Glycine max (L.)

Merr.) (Open Access). Annals of Botany 44(3):301-08. Sept.
New Series. [18 ref]
• Summary: “The rapid and uniform establishment of soya
bean... stands is conducive to higher yields.”
“No cultivar effect on the germination rate was
observed. However, in an emergence study from a sandsoilpeat mixture, cultivar differences in emergence rates were
noted (Chippewa 64 > Wayne > Amsoy 71) cv. In another
emergence study (sand media) the cultivars Calland and
Williams emerged faster than the cv. Wayne or Wells.
“Time required for 50 per cent germination decreased
(18-8-4-0 days) as the temperature increased from 10 to
30ºC (5ºC increments). Emergence (50 per cent) from a
sand-soil-peat mixture was more rapid (19-8-6-3 days) as the
simulated planting date (growth chamber set to simulate field
temperatures) was delayed from 16 April to 15 June with an
intermediate date of 16 May.
“In addition, time required for 50 per cent emergence
of the cultivars from sand decreased (793-76 h) as the
temperature was increased from 10 to 30ºC with no decrease
from 30 to 35ºC.
“Seed size effects were apparent, with the very small
seed germinating slower than the three larger seed sizes.
In the emergence studies with both the sand and sand-soilpeat mixture there was a general trend toward more rapid
emergence with the smaller seeds. However, the absolute
differences were small.
“Significant cultivar x temperature interactions were
observed for the germination and emergence rates. In most
cases the cultivars merged in terms of germination and
emergence rates at temperatures between 10 and 20ºC and at
the higher temperatures the cultivar rankings were different
from those observed at temperatures below the merging
point.” Address: Dep. of Agronomy, The Ohio State Univ.
and Ohio Agricultural Research and Development Center,
Columbus, Ohio 43210.
2260. Hymowitz, T.; Kaizuma, Norihiko. 1979.
Dissemination of soybeans (Glycine max): Seed protein
electrophoresis profiles among Japanese cultivars. Economic
Botany 33(3):311-19. Sept. [22 ref]
• Summary: Seed protein electrophoresis is shown to be a
powerful tool for resolving problems of taxonomy, evolution,
and paths of dissemination of domesticated plants. By the
use of these seed protein banding patterns, which act like
silent fingerprints, the movement of germplasm and the paths
of dissemination of soybeans to and within Japan may be
clarified.
Seed protein extracts from 477 cultivated Japanese
soybean varieties were analyzed by polyacrylamide gel
electrophoresis to determine the distribution of the alleles of
three trypsin inhibitor loci (Ti-a, Ti-b, Ti-3c) and two special
protein loci (Sp1-a, Sp1-b) with respect to the maturity group
and area of adaptation of each variety. A map (Fig. 2) shows
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Japan divided into 5 geographical areas. About 60% of the
soybean varieties had the Ti-a allele. The frequency of the
Ti-b allele was found to be highest in southeastern Japan and
lowest in northeastern Japan. The Ti-c allele, discovered in 6
varieties, was traced to two possible sources adapted to the
Tohoku area.
In conclusion, the writers conclude that the present
population of cultivated Japanese soybean varieties was
developed from two distinct sources of introductions: (1) A
short-season crop cline or summer-season type having almost
exclusively the Ti-a Sp1-b genotype. (2) The full-season crop
cline having either the Ti-a Sp1-b or T1-a Sp1-b genotype.
The full-season crop cline probably came from north-central
China through to Japan. The short-season crop cline appears
to have evolved in either Korea or on Kyushu, Japan’s
southernmost main island.
The problem of determining the origin of the shortseason crop cline “is complicated by the fact that the
movement of soybeans from Korea to Japan and vice versa
across the Korea Strait has been going on since at least the
third century A.D. and perhaps earlier.”
Contains 3 figures and four tables. Address: 1. Crop
Evolution Lab., Univ. of Illinois; 2. Iwate Univ., Morioka,
Iwate, Japan.
2261. McClure, Peter R.; Israel, D.W. 1979. Transport of
nitrogen in the xylem of soybean plants. Plant Physiology
64(3):411-416. Sept. [26 ref]
• Summary: “Experiments were conducted to characterize
the distribution of N compounds in the xylem sap of
nodulated and nonnodulated soybean plants through
development and to determine the effects of exogenous N on
the distribution of N compounds in the xylem.”
“The results demonstrate that ureides play a dominant
role in N transport in nodulated soybeans and that the
synthesis of ureides is largely dependent upon nodulation
and N2 fixation.” Address: Dep. of Soil Science and USDA,
SEA, ARS, Dep. of Soil Science, North Carolina State Univ.,
Raleigh, North Carolina 27650.
2262. Universiti Pertanian Malaysia. 1979. Kekacang di
tropika: Sebuah bibliografi [Legumes in the tropics: A
bibliography]. Serdang, Selangor, Malaysia: UPM. 70 leaves.
Sept. Author index. 28 cm. [1029 ref. Eng; Mal]
• Summary: Developed in preparation for a symposium on
Legumes in the Tropics, held 13-17 Nov. 1979 at Fakulti
Pertanian, Universiti Pertanian Malaysia. The publications
are arranged according to broad subject headings and within
each heading listed alphabetically by title. Materials marked
with an * are available in the university library.
Contents: Introduction. Bibliographies. Journal
abbreviations. 1. Botany. 2. Agronomy (Cropping system
cultivation, rhizobium, seed technology, soil science &
microbiology). 3. Plant protection (General, diseases, pests).

4. Food technology (Diets and supplements, nutritive value,
human instruction, products, method of processing). 5.
Economic and social aspect (General, marketing trade and
prices, production, supply and demand). Author indexes.
Leguminous plants are found throughout the world, but
the greatest variety grows in the tropics. The main legumes
covered are soya bean, groundnuts, winged bean, mung bean,
and long bean. Address: Serdang, Selangar, Malaysia.
2263. Hartwig, Edgar E.; Kiihl, Romeu A.S. 1979.
Identification and utilization of a delayed flowering character
in soybean for short-day conditions. Field Crops Research
(Amsterdam) 2(2):145-151. Oct. [3 ref]
• Summary: “The late-flowering character can be selected
readily in segregating populations grown under short-day
conditions. It is anticipated that these late-flowering types
will make adequate growth under short-day conditions to
permit machine harvest and will not require an extremely
long growing season.”
Note: This is an important paper. Hartwig and Kiihl
were the first to demonstrate the genetic control of the long
juvenile (LJ) trait The discovery and introduction of the LJ
trait into soybean varieties by Hartwig and Kiihl in 1979
fundamentally changed global soybean production in a way
that has had an enormous influence on commodity markets.
This trait delays flowering and thereby ensures sufficient
vegetative growth prior to the developmental transition to
reproductive growth. The long juvenile trait thus solved the
early maturation and low yield problems that had hitherto
prevented economically viable soybean production in lowlatitude regions. The United States and Brazil pioneered
the introduction of the long juvenile trait in low-latitude
soybean breeding programs. Brazil has expanded its soybean
production enormously, from 1 about million hectares in
1970 to over 33 million hectares in 2016. Yet the term
“long juvenile trait” does not appear in this article. Address:
1. Research Agronomist, Agricultural Research, USDA,
working in cooperation with the Delta Branch, Mississippi
Agricultural and Forestry Experiment Station, Stoneville,
Mississippi 38776; 2. Agronomist, IAPAR, Instituto
Agronomico Parana, Londrina (Brazil). Formerly graduate
student, Mississippi State Univ.
2264. Dunphy, E.J.; Hanway, J.J.; Green, D.E. 1979.
Soybean yields in relation to days between specific
developmental stages. Agronomy Journal 71(6):917-20. Nov/
Dec. [14 ref]
• Summary: “Summary and Conclusions:... 5. The length of
the seed-filling period (days from stage R4 to R7) showed
promise as an indicator of yield, since the correlation was
positive in all sites, the magnitude of change in yield per
additional day was similar in most plots, and the correlations
(both within and across sites) were generally higher than for
other developmental intervals investigated.
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“6. The system proposed by Fehr et al. (2) for
identifying stages of development provided a workable
system for estimating the number of days between different
stages.” Address: 1. Assoc. Prof. of Crop Science, North
Carolina State Univ.; 2-3. Profs. of Agronomy, Iowa State
Univ.
2265. Wilcox, J.R.; Schapaugh, W.T., Jr.; Bernard, R.L.;
Cooper, R.L.; Fehr, W.R.; Niehaus, M.H. 1979. Genetic
improvement of soybeans in the Midwest. Crop Science
19(6):803-05. Nov/Dec. [17 ref]
• Summary: “Five group II and five group III soybean...
cultivars released over a 50-year period were grown at 12
location-year combinations in the Midwest to evaluate
genetic changes for seed yield, plant height, lodging, seed
protein, and oil content and for phenotypic stability for seed
yield. Current cultivars yielded 25% more seed than the
original plant introductions in both maturity groups.”
“By 1930 soybean breeding programs had been started
to hybridize plant introductions and select progeny that were
better adapted than their parents. The first cultivars of hybrid
origin were released in the 1940’s. Since then numerous
improved cultivars have been developed and released for
production in the Midwest (7).” Address: 1. Supervising
research geneticist, AR, SEA, USDA, and prof. of agronomy,
Purdue Univ., W. Lafayette, Indiana 47907.
2266. Nguyen, van Thuan. 1979. Flore de Cambodge,
du Laos et du Viet-nam: révision de la Flore générale de
l’Indochine / 17, Légumineuses–Papilionoïdées Phaséolées
[Flora of Cambodia, Laos and Vietnam]. Paris: Muséum
National d’Historie Naturelle (France). 217 p. Illust. 25 cm.
[7 ref. Fre]
• Summary: In Vol. 17, Légemineuses-Papilionoidées /
Phaséolés, the genus Glycine (Willdenow) is described in
French on p. 57. The species Glycine max (Linné) Merrill
is described in French on p. 58. Many vernacular names are
given (most with diacritical marks). Laotian: (‘mak’) thoua
knon, thoua te Vietnamese: dau tuong, dau nanh, quan tan.
2267. SoyaScan Notes. 1979. Chronology of soybeans,
soyfoods and natural foods in the United States 1970s
(Overview). Dec. 31. Compiled by William Shurtleff of
Soyfoods Center.
• Summary: Overview of the 1970s:
The Soyfoods Movement Begins. This industry focused
on traditional, low-tech soyfoods such as tofu, soymilk,
tempeh, and miso. Many of the pioneer Caucasian-American
(non-Asian) soyfoods companies started during this decade,
often for philosophical and ideological reasons. The
founding of the Soycrafters Association of North America in
July 1978 marks the beginning of this movement.
By Dec. 1979 there are 159 tofu manufacturers in
the United States. Ninety of these are run by Caucasian

Americans and are less than 3 years old. There are also 18
tempeh companies and 3 commercial miso companies (not
including those in Hawaii).
Natural Foods and Vegetarian Movements Grow. The
basic philosophy of natural foods and vegetarianism became
more widely accepted, and this greatly helped the soyfoods
movement.
Unprecedented Interest in Nutrition, Health, and
Fitness. During this decade, the interest in nutrition grew
dramatically, both among consumers and professionals.
Consumers, seeking ways of protecting themselves from the
ravages of heart disease and cancer, try more healthful diets.
Exercise and looking healthy are now “in.” For example, the
New York Marathon, which had 55 finishers (no women) in
1970, boasted 10,477 finishers (including 1,621 women) in
1979. Preventive medicine is becoming a new profession.
Steady Increase in Population of Asian-Americans. The
number of Asian- and Pacific-Americans living in the USA
increased from about 800,000 in 1960 to 1,369,000 in 1970
to 3,500,000 in 1980, at which time they comprised 1.5% of
the total U.S. population. Their burgeoning numbers were
a major factor in steadily growth of the soyfoods industry,
since many Asians use soyfoods in their daily diets.
U.S. Soy Sauce and Miso Consumption Grows. Soy
sauce consumption grew from about 9,000 kiloliters in 1970
to about 38,000 kl in 1979, a 4.2-fold increase during the
decade. In 1974 domestic production passed imports.
U.S. miso consumption grew from about 750 metric tons
(tonnes) in 1970 to about 1,800 tonnes in 1979, a 2.4 fold
increase.
Shipments of Soy-Fortified Foods in the Food For
Peace (P.L. 480) Program jumps. Shipments of two products
in 1970 totaled 131,000 tonnes. In 1979 a record 664,000
tonnes of ten products were shipped to needy countries, a
5-fold increase during the decade. In 1979, the main products
shipped were SFB (soy-fortified bulgur), CSM (corn-soymilk), and WSB (wheat-soy blend).
The Ongoing Protein-Versus-Calories Debate. As
Nevin Scrimshaw concluded prophetically in his insightful
1977 lecture “Through a Glass Darkly: Discerning the
Practical Implications of Human Dietary Protein-Energy
Interrelationships”: “To the extent that the pendulum swung
too far in emphasizing protein in the 1960s, and too far
in emphasizing calories in the 1970s, it must come to a
more appropriate position for the 1980s and beyond.” He
noted that two big protein issues concerned (1) human
requirements for protein at different ages and physiological
states, and (2) the evaluation of the protein quality of foods
as related to human requirements.
Reappraisal of the Value of Plant and Animal Proteins.
During the late 1960s and early 1970s, animal proteins
probably reached their historical peak of popularity in
the U.S. A diet rich in animal protein was considered a
“better diet.” However during the 1970s a growing body
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of nutritional and ecological evidence, and changing
attitudes toward world hunger and animal rights, led to a
new appreciation of the quality, now more broadly defined,
of plant (and soy) proteins. They were more healthful, less
expensive, more efficient in utilizing farmland, energy and
water, less polluting, and obviated animal slaughter.
Switch from Animal to Vegetable Oils. In the early
1950s Americans were consuming approximately equal
amounts of animal and vegetable fats. By 1978 the ratio of
vegetable to animal fat was 84 to 16. The same shift occurred
worldwide, where the 1978 ratio was 71 to 29.
There were at least three basic reasons for this shift: (1)
The growing concern, especially after 1960, with the health
dangers associated with consumption of saturated fats and
cholesterol, most of which came from animal fats such as
butter and lard; (2) Hydrogenation, which allowed vegetable
oils to be used in making substitutes for butter and lard
(i.e., margarine and shortening); and (3) the lower price of
vegetable oils, shortening, and margarine.
Production of soy oil grew dramatically during the
postwar period, filling most of the increased demand for
vegetable oil.
Boom Years for U.S. Agriculture. The 1970s was a
decade of rapid growth for U.S. farmers. With high inflation
and low interest rates, American farm products dominated
world trade. The boom ended with the second “Oil Shock”
of 1979-80, which set off the most serious recession of the
post-war era, and marked the start of the Latin American
debt crisis that later had a major negative effect on U.S.
soybean farmers. 1979 was the last year of roughly 50 years
of essentially non-stop, rapid soybean growth. During the
next decade, U.S. soybean production zigzagged sideways
and declined slightly.
Rapid Increases in Soybean Production in New Third
World Countries. Prior to the 1970s, soybeans had never
been widely grown in the tropics or semi-tropics (except
perhaps in Indonesia). But during this decade a host of
countries in such areas started to grow soybeans on a large
scale for the first time. Major causes for this were the U.S.
soybean boycott of 1973, the pioneering work done by
INTSOY in Illinois, IITA in Nigeria, and AVRDC in Taiwan,
and the development of day-neutral soybean cultivars that
gave high yields at low latitudes. The major areas of rapid
new production growth were...
Latin America. Total production increased from
1,746,000 tonnes in 1970 to 15,384,000 tonnes in 1979, an
8.8 fold increase during the decade. Latin America’s three
leading soybean producers in 1979 were Brazil, Argentina,
and Mexico. Brazil’s production rose 7.8 fold between 1970
and 1979, but Argentina’s jumped 137-fold!
In 1979 soybean production in Latin American passed
that in all of Asia, the birthplace of this ancient crop, and
became second only to that of North America (61,722,000
tonnes in 1979/80).

In 1974, Brazil passed China to become the world’s
second largest soybean producing nation after the USA.
The ranking in 1979 by tonnage was USA, Brazil, China,
Argentina, Mexico, Indonesia, Paraguay, USSR, Romania,
India, and North Korea.
Africa: Total production increased from 67,000 tonnes
in 1970 to 300,000 tonnes in 1979, a 4.5 fold increase during
the decade. By 1979 Egypt had become the largest soybean
producing country in Africa, followed by Zimbabwe,
Nigeria, and South Africa. This promising growth was
doubly important because it came at a time of steadily falling
per capita food production in Africa as a whole, down 20%
from 1970 to 1987.
India. Total production increased from a mere 18,000
tonnes in 1971 (production was negligible in 1970) to
450,000 tonnes in 1980, an astonishing 25-fold increase
in ten years, and a growth rate greater than that of Latin
America. Meanwhile, in Asia as a whole soybean production
was slowly declining.
2268. Nasyrov, Yu. S. 1979. Fiziologo-geneticheskie osnovy
povysheniya urozhainosti sel’skokhozyaistvennykh kul’tur
[Physiological and genetic bases for increasing the yielding
ability of agricultural crops]. Sel’skokhozyaistvennaya
Biologiya 14(6):762-766. Nov/Dec. [12 ref. Rus; eng]
• Summary: Outlines achievements in breeding for
increased photosynthetic activity. Crops without apparent
photorespiration (such as corn, sorghum, and sugar cane)
produce yields twice as large as those with photorespiration
(such as wheat, sugar beet, soya beans, and cotton). However
attempts to block photorespiration are seen as not promising.
Address: Institut fiziologii i biofiziki, Dushanbe, Tajik SSR.
2269. Raymer, P.L.; Ross, G.L.; Hsieh, W.T.; Graffis, D.W.;
Carmer, S.G. 1979. Performance of commercial soybeans in
Illinois 1979. Illinois Agric. Cooperative Extension Service,
Circular No. 1176. 30 p. Dec.
• Summary: Lists commercial sources of seed, percentage of
germination by variety, and the results of tests in 8 locations
by maturity group, by variety: Yield, maturity date, lodging,
height, and shattering. Address: Univ. of Illinois, UrbanaChampaign.
2270. Schmid, Jürg Erwin. 1979. Einfluss tiefer
Temperaturen auf das Wachstum und den Ertragsaufbau
verschiedener Sojabohnensorten (Glycine Max (L.)
Merr.) [Influence of low temperatures on the growth and
yield of various soybean varieties]. Dissertation ETH
(Eidgenössische Technische Hochschule Zürich = Swiss
Federal Institute of Technology Zurich) No. 6381. vi + 168 p.
Illust. 21 cm. [9 ref. Ger; fre; eng]*
• Summary: Three cold stress factors are of greatest
importance: (1) Influence of the date of the cold stress
during the vegetative and reproductive development. (2)
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Influence of the duration of the cold stress. (3) Influence
of the temperature levels. Address: Swiss Federal Inst. of
Technology (ETH), CH-8092 Zurich, Switzerland.
2271. EMBRAPA–Centro Nacional de Pesquisa de Soja.
ed. 1979. Anais do I Seminario Nacional de Pesquisa de
Soja [Proceedings of the First National Seminar on Soybean
Research. 2 vols.]. Londrina (Parana), Brazil: EMBRAPA–
CNPS. Vol. 1, 414 p. Vol. 2, 389 p. Held 24-30 Sept. 1978 at
Londrina, Brazil. [320+ ref. Por; eng]
• Summary: Vol. I contains 42 papers divided into the
following groups: Ecology and cultural practices (15),
soil fertility and microbiology (15), and genetics and plant
breeding (12).
Vol. II contains 20 papers divided into the following
groups: Entomology (5), food technology (3), seed
technology (8), plant physiology and nutrition (2), machinery
(1), and economics (1).
The three food technology chapters are cited separately.
Address: CNPS, Rod. Celso Garcia Cid, km 375 (Caixa
Postal 1061), 86.100–Londrina (Parana), Brazil. Phone: 239850.
2272. Gates, C.T.; Mueller, W.J. 1979. Nodule and plant
development in the soybean, Glycine max (L.) Merr.: Growth
response to nitrogen, phosphorus and sulfur. Australian J. of
Botany 27(3):203-15. [26 ref]
• Summary: Extremes of combinations of the nutrients
reduced nodulation to almost zero, but well balanced
combinations favored nodulation from early stages through
maturity. The best nodulation occurred at high levels of all
3 nutrients. Levels of sulfur above 10 ppm counteracted the
limiting effect of ammonium nitrate (NH4NO3) on nodule
development.
“Conclusion: When the development of the whole
plant was studied through to maturity over a wide range of
nutrient combinations, we found that in contrast to immature
plants, sulfur deficiencies had a marked effect on all plant
parts, especially on the nodules and the reproductive parts.
Added sulfur, on the other hand, interacted beneficially at
maturity with the favourable effects of phosphorus and the
negative effects of nitrogen on nodulation. The persistence
of nodulation and the vigour of the plant was directly
related to the degree or balance between nutrient levels
in these interactions. The fruitfulness of the plant shared
in this response except that added nitrogen did not have a
negative effect.” Address: 1. Div. of Plant Industry; 2. Div. of
Mathematics and Statistics. Both: CSIRO, Canberra, A.C.T.
2601, Australia.
2273. Lawn, R.J.; Byth, D.E. 1979. Soybean. In: Alec
Lazenby and J.V. Lovett, eds. 1979. Australian Field Crops.
Vol. II. Sydney: Angus and Robertson. 328 p. See p. 198231. [152 ref]

• Summary: Contents: Introduction. Uses. Taxonomy,
origin and distribution. Morphology. Crop growth and
development: Seedling establishment, vegetative growth and
development, reproductive growth and development, root
growth, nodulation and nitrogen fixation, Eco-physiological
basis of adaptation: Photoperiod, temperature, soils, water
requirements. Soybean improvement in Australia: Plant
introduction, cultivars in Australia, soybean breeding,
priorities for breeding in Australia. Agronomic principles
and practice: Planting date, plant population and row width,
planting, weed control, pests and diseases. Research needs.
“The potential of the soybean in Australia has been
recognized for several decades. A Commonwealth mission
to the U.S.A. in 1946 recommended governmental action to
assist oilseed crop development in Australia, with particular
reference to soybeans. A number of short-term soybean
investigations were initiated, particularly in southern
Australia, and were largely unsuccessful. Gray (1955)
recommended that introduction activity should center on
regions of lower latitude than those of the existing major
soybean areas of the world. The first formal breeding
program was started in 1958 by C.S.I.R.O. in southeastern
Queensland, although useful selection was practised
previously by the Queensland Department of Primary
Industries. Only limited soybean areas existed (500-2000
ha), until the late 1960s, mainly in the South Burnett region.
Major expansion began in 1970-71 and has continued so
that Australian production is approaching local demand
and exports from Australia are conceivable in the near
future. Most of the current commercial production occurs in
Queensland, in the eastern Darling Downs and St. George,
the Fassifern, Lockyer and Brisbane Valleys, and the South
Burnett region. The major area of production in New South
Wales is centered in the Gwydir and Namoi Valleys on
the north-western plain, with smaller areas in the coastal
Northern Rivers District, and in the Lachlan and Macquarie
Valleys of the central west. Irrigated farms account for most
of the area, particularly in New South Wales. Concentration
on irrigated production in the major grain-producing areas of
both States appears likely to continue, although expansion of
dryland production is occurring in the coastal and sub-coastal
areas, and in northern Queensland.
Table 9.1 shows (1) Australian imports of soybean
cake and meal, non-defatted meal, whole soybeans, oil,
epoxydized oil, other oil, and total imports yearly from 1967
to 1974; (2) total hectarage and production in Queensland,
New South Wales, and total Australia for the same time
period. About 70-80% of the country’s soybeans are
produced in Queensland, and the rest in New South Wales.
Most of the current soybean production in Australia is
carried out under contract to the major processors, and is
used primarily for oil and meal production.
Soybean improvement in Australia has paralleled the
pattern which occurred earlier in the U.S.: Introduction,
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selection among and within accessions, and hybridization.
The majority of cultivars in Australia are direct introduction,
unlike the U.S., where locally improved cultivars are used
exclusively. The availability of improved cultivars from
the southern areas of the U.S. was a major factor in the
substantial expansion of soybean culture commencing in
1970-71. Regional experimentation has shown that a number
of these cultivars are capable of high yields in sub-tropical
Australia. Plant introduction has been active in Australia and
over 1000 accessions have been obtained since the 1930s.
The primary objective of soybean breeding in the
U.S. has been and continues to be the development for
each region of pure-line cultivars capable of producing
high harvestable yields of seed with suitable quality
characteristics (oil and protein percentage and composition).
A great deal of attention has been given to lodging, shatter
resistance and seed pigmentation because of their agronomic
or marketing importance. There is increasing emphasis on
disease and pest resistance.
Expansion of soybean production in the immediate
future will most likely occur primarily in irrigated areas.
Present production areas are largely between 16ºS and 33ºS,
and most of the anticipated expansion in the near future is
expected to occur in this region. Address: CSIRO Div. of
Tropical Crops and Pastures, Brisbane; Dep. of Agriculture,
Univ. of Queensland.
2274. National Academy of Sciences, National Research
Council, Board of Science and Technology for International
Development, Commission on International Relations,
Advisory Committee on Technology Innovation. 1979.
Microbial processes: Promising technologies for developing
countries. Washington, DC. xii + 198 p. Illust. No index. 23
cm.
• Summary: Soy-related chapters include: 1. Raw materials
for microbial processes. In 1977 an estimated 13,842,000
metric tons of soybeans were grown in developing countries.
Soybeans were number 15 on a list of 22 major food crops
grown in developing countries, and accounted for 1.59%
of the total production. The largest crops produced were
paddy/rice (21.36% of total), cassava (11.87%), wheat
(10.90%), maize/corn (8.41%), and banana/plantain (6.33%).
2. Food and animal feed. Discusses production of meatlike
flavors using miso and shoyu, the koji method of producing
enzymes, and Indonesian tempeh.
3. Soil microbes in plant health and nutrition.
“Mycorrhizal fungi: Most plants, both wild and cultivated,
have roots infected with fungi that increase nutrient and
water uptake and may also protect the root from certain
diseases. These infected roots are called mycorrhizae.
Although the mycorrhizal fungi probably increase uptake of
all the essential elements, they are usually most important
in improving phosphorus nutrition. Phosphate is generally
present in the soil in low concentrations and it is also

highly immobile. Strands of fungal hyphae grow out from
mycorrhizae and greatly increase the volume of soil from
which phosphorus is obtained. So mycorrhizal plants,
in general, can grow and thrive in soils much lower in
phosphate and other essential nutrients than a comparable
nonmycorrhizal plant. Many plants are so dependent
on mycorrhizal fungi for nutrient uptake that they may
starve if these fungi are absent. There are a number of
types of mycorrhizae. The two that occur on the most
economically important crops, the endomycorrhizae and the
ectomycorrhizae, are discussed.”
4. Nitrogen fixation. “Air is four-fifths nitrogen, yet it is
the absence of this particular element that most commonly
limits food production. Neither man, animals, nor higher
plants can use elemental nitrogen; it must first be ‘fixed,’ that
is, combined with other elements such as hydrogen, carbon,
or oxygen before it can be assimilated.
“Certain bacteria and algae have the ability to utilize
(fix) gaseous nitrogen from the air. Some microorganisms
work symbiotically in nodules on the roots of plants, with the
plant providing food and energy for the bacteria, which, in
turn, fix nitrogen from the air for their host...
“Bacteria that fix nitrogen in nodules on the roots of
leguminous plants are called rhizobia...
“Leguminous plants have been known for centuries
to enrich soils, but the reason was not understood until
1886 when two German scientists, Hellriegel and Wilfarth,
found that the bacteria in the nodules on the leguminous
root brought about nitrogen fixation. Nitrogen-fixing
microorganisms fix an estimated 175 million metric tons
of nitrogen annually, or about 70% of our total supply. The
remainder is produced in chemical fertilizer factories.” The
nitrogen fixed by the soybean-rhizobium association is about
60-80 kg/ha/year. 5. Microbial insect control agents. Green
cloverworm on soybeans can be controlled by Bacillus
thuringiensis. 10. Pure cultures for microbial processes.
Discusses world culture collections. Address: Washington,
DC; Peoria, Illinois.
2275. Schmid, J.; Keller, E.R. 1979. Das Verhalten
kaeltetoleranter Sojabohnensorten unter suboptimalen
Temperaturbedingungen [The behavior of cold-tolerant
soybean varieties under sub-optimal temperature conditions].
Schweizerische Landwirtschaftliche Forschung 18(3):35173. [16 ref. Ger; fre; eng]
• Summary: English summary: “The cold tolerant behaviour
of three cold tolerant varieties (Amurskaja 41, Russia; ISZ-7
and I-1, Hungary) and a rather cold sensitive standard variety
(Gieso: Federal Republic of Germany) was investigated in
various experiments in growth chambers, glass house, coldstorage chambers and in the field.
“In a cold tolerance test, dry matter production under
low temperatures during the early stages led to a very good
cold tolerance classification for this period of development.
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The cold sensitivity of the Gieso variety increases from
vegetative stage V1 (first leaf) through V3 to flowering.
Amurskaja 41 showed small variations in yield due to cold.
ISZ-7 and I-1 have pronounced cold tolerant characteristics
at their disposal. The cold tolerance of these varieties is only
slight during the early growth stages. They are, however,
better able to utilise a slight raise in temperature following a
cold stress than are Gieso and Amurskaja 41.
“The cold tolerant varieties ISZ-7 and I-1 are capable
of equalising or even increasing their yields in the coldest
temperature regime as opposed to the warm treatment.
For the most part, a cold stress of long duration can be
compensated for by these varieties. However, Gieso and
Amurskaja 41 react with severe losses in yield. The cold
tolerant varieties ISZ-7 and I-1 continue to show insufficient
yields in field cultivation. However, their use in crossing
with early-maturing, day neutral and high yielding varieties
possibly is of great value.” Address: Swiss Federal Inst.
of Technology, Dep. of Crop Science, ETH Zentrum,
CH-8092 Zurich, Switzerland (Inst. fuer Pflanzenbau der
Eidgenoessischen Technischen Hochschule, Zuerich).
2276. Schmid, J. 1979. Einfluss tiefer Temperaturen auf
das Wachstum und den Ertragsaufbau verschiedener
Sojabohnensorten (Glycine max (L.) Merrill) [Influence
of low temperatures on the growth and yield structure of
different soybean varieties]. Dissertation No. 6034 ETH
[Eidgenössische Technische Hochschule] Zurich. [Ger]*
• Summary: Note: Eidgenössische Technische Hochschule
is translated as “Federal Institute of Technology.” Address:
Swiss Federal Inst. of Technology, Dep. of Crop Science,
ETH Zentrum, CH-8092 Zurich, Switzerland (Inst. fuer
Pflanzenbau der Eidgenoessischen Technischen Hochschule,
Zuerich).
2277. Fehr, Walter R. 1980. Germplasm exchange and
cooperative research with the People’s Republic of China.
Soybean News (NSCIC) 31(2):3-4. Jan.
• Summary: “What collections of native varieties and
wild species of crop plants have been made in the People’s
Republic of China (PRC)? How is the germplasm
catalogued? Where is it maintained? Who is responsible for
its evaluation? What are the possibilities for exchange of
soybean germplasm of both Glycine max and G. soja? Those
were some of the questions that the US Germplasm Team
considered during their trip to the PRC from August 17 to
September 13, 1979.
“The team consisted of two vegetable breeders, E.V.
Wann and J.C. Bouwkamp; a sorghum breeder, F.R. Miller;
a millet breeder, W.W. Hanna; a soybean pathologist, K.R.
Bromfield; and two soybean breeders, K. Hinson and myself.
The team traveled together in five provinces in the northern
half of the PRC. I would like to share with you some general
information about plant germplasm in the PRC and details

about soybean germplasm. On August 18, 1979, the US
Germplasm Team visited the Crop Germplasm Institute
(CGI) of the Chinese Academy of Agricultural Sciences
(CAAS). A report on the status of germplasm collection and
maintenance in the PRC was given by Xu Yuntian, Deputy
Director of CGI.
“There was very little activity in germplasm collection
and maintenance in the PRC before 1956. Up to that time,
farmers grew native varieties on their own parcels of land.
Beginning in 1956, the government asked the people to
send seed of their varieties to a research center in the region.
About 220,000 accessions of 40 field crops were collected by
1958. All the germplasm was maintained in the region where
it was collected because there was no national institute.
After the initial collection of germplasm, the land was
communized and land races used by individual farmers were
often replaced by a few common varieties.
“Plans to build a national germplasm institute were
halted by the cultural revolution. Some of the 220,000
accessions available in 1958 were lost during the cultural
revolution, although the exact amount is not known. After
the cultural revolution, the research centers resumed their
activities. On August 20, 1978, the CGI was founded as one
of the institutes of the CAAS.
“The CGI is responsible for coordinating germplasm
collection, maintenance, and research in the PRC. It has
eight laboratories; (1) plant introduction, a laboratory formed
before CGI was founded. (2) seed storage, (3) rice research,
(4) cereal research, (5) corn and bean (Phaseolus), (6)
sorghum and millet. (7) disease resistance evaluation, and (8)
plant physiology, biochemistry, and genetics.
“The germplasm for some crops is maintained by special
institutes of the CAAS. For example, national sorghum and
millet research, similar to that conducted by the USDA, is
administered by the CGI. Cotton, however, has a separate
institute in the CAAS. Similar independent institutes of
the CAAS include the vegetable research institute, the oilbearing crop institute, and the fruit tree research institute.
The crop institutes of the CAAS are located at different
places in the PRC. The oil-bearing crops institute is located
at the city of Wuhan in Hubei province, the fruit tree research
institute is at the city of Zhengzhou in Henan province, and
the vegetable research institute is in Beijing.
“There is no national system at present for assigning
accession numbers or cataloging germplasm in the PRC, but
the CGI is actively developing plans for such a system. They
desire a national system that would catalog and coordinate
all germplasm reserves, including collections maintained in
separate institutes or provincial agricultural academies. One
current problem is the lack of any long-term storage facilities
for seed in the PRC. A facility currently is being built at
the CGI in Beijing. Plans are being developed to build
similar facilities in crop institutes and provincial agricultural
academies.
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“In February 1979, national germplasm meetings were
held in the PRC to develop goals for the future. A first
priority was to recollect native varieties of all crops, and
such collection is underway. They are aware that accessions
lost during the cultural revolution may no longer be
available. A training course was held in each province and
collection teams were developed that included a geneticist,
breeder, and pathologist. Collection will be accomplished by
requesting seed from the communes. The collection teams
will serve to back up the collections made by the communes.
The teams also will emphasize collection of wild species.
Several hectares of wild rice species have been identified in
several provinces. A team has been collecting wild soybeans
along the Yellow river during the summer of 1979. National
preserves of wild species are being considered for some
crops.
“The CGI is developing cooperative germplasm
programs with other countries and national research centers.
A cooperative program of germplasm exchange, training,
and research is being developed with the International Rice
Research Institute (IRRI) and CYMMT. There presently are
no foreign scientists studying germplasm in the PRC.
“The excellent report of Xu Yuntian was repeatedly
verified by the US Germplasm Team during the visits to five
provinces. There is a good understanding among Chinese
scientists of the need for collection and maintenance of
germplasm, a desire to improve the efficiency of germplasm
maintenance, and a common desire for a national germplasm
system, similar in principle to that in the United States.
Details of the system that will be used in the PRC are still
evolving and many years of effort will be required to finalize
the project.
“Soybean germplasm collections are maintained
primarily at the provincial agricultural academies. There is
a collection of southern germplasm at the Oil-bearing Crops
Institute, Chinese Academy of Agricultural Sciences, Wuhan,
Hubei, People’s Republic of China. Sun Darong, a member
of that institute, was a member of the PRC Germplasm Team
that visited the US from July 9 to August 4, 1979.
“A discussion of soybean germplasm was held on
August 23 with Wang Chin Ling, Professor of Plant Genetics
and Breeding, Northeast Agricultural College. Harbin,
Heilongjiang. Professor Wang is considered the leading
authority on soybean breeding and genetics in the PRC.
He was a member of the first team of agricultural scientists
from the PRC that visited the US in 1974. Professor Wang
indicated that native soybean varieties were collected before
the communes and related organizations were formed. About
5,000 varieties were collected throughout the PRC, and about
3,000 to 4,000 are still available. There is only a limited
collection of wild species, but there is renewed interest in
expanding that collection. A team is collecting wild species
of Glycine along the Yellow river in 1979.
“Germplasm collections were observed in five

provinces. The collection at the Heilongjiang Agricultural
Academy, Harbin, Heilongjiang is maintained by Wu Ho Li,
Wong Cuo Ying, and Li Cuo Lan. There are 100 accessions,
some of which are currently grown commercially. Maturity
groups 0 to I are grown in the province. They have grown
US varieties, but they are generally too late or susceptible
to disease. They are interested in germplasm from the US
that is resistant to alkali soils and cyst nematode. They have
begun to screen their collection and that of other provinces
for resistance to cyst nematode, primarily in western parts
of the province where the disease is important. They also
are screening for resistance to soybean mosaic virus, a
common disease in the PRC” (Continued). Address: Dep. of
Agronomy, Iowa State Univ., Ames, Iowa 50011.
2278. Fehr, Walter R. 1980. Germplasm exchange and
cooperative research with the People’s Republic of China
(Continued–Document part II). Soybean News (NSCIC)
31(2):3-4. Jan.
• Summary: (Continued): “The soybean collection of the
Liaoning Agricultural Academy was maintained by Chang
Ren Shuang at the Tieling Agricultural Research Institute,
Tieling, Liaoning. He indicated that the soybean probably
originated in Liaoning province because the wild soybean
grows everywhere and the stages of evolution are apparent.
There were 823 accessions collected in the province
during 1956 and 575 are still available. They also have 209
accessions from other parts of China and 178 from foreign
countries, of which 42 are from the US, 31 from Japan,
and the others from Korea or European countries. Soybean
mosaic virus is their most important disease. Most of their
widely grown cultivars in the Tieling area mature later than
Amsoy and earlier than Wayne.
“The soybean collection at the Shandong Agricultural
Academy, Jinan, Shandong, is maintained by Li Tsi Shing.
There were 2,930 accessions after collections were made
in 1956 and 1957. After removal of duplications, the
number was reduced to the current group of 567 entries.
The collection is highly variable for growth type and pest
resistance because of the variable growing conditions in
the province. Two accessions of Glycine soja were in the
germplasm nursery.
“The widely grown cultivars were from about late group
IV to early group VI. Resistance to viruses was a major
concern in the breeding programs in the province. Seed
of their soybean collection is stored in northern provinces
where the air is cooler and drier and viability is maintained
for longer periods of time than in Shandong province.
“The soybean collection for Henan province is
maintained by Hsie Ying Li at the Henan Agricultural
Academy, Zhengzhou, Henan. The number of accessions
was not indicated, however, many of the accessions from
the collection of 1956 are still available and a recollection
is planned for the winter of 1979-1980. Seed is stored in
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heavily insulated rooms and can be maintained for about
three years. Maturity group III seemed most appropriate
for the practice of double cropping soybeans after wheat, a
common practice in the province. Virus resistance is given
highest priority in developing new cultivars.
“The soybean collection for Shanxi province is
maintained by Tai Yong Min at the Shanxi Agriculture
and Forestry Academy, Wu Kong, Shanxi. A group of
75 accessions are being grown for the first time in 1979.
Collection of native varieties in the province is just
beginning. The accessions ranged from black seeded
indeterminate types collected in the dry infertile areas of the
north to determinate and semi-determinate types collected
from fertile areas in the southern part of the province.
Maturity groups V and VI seemed most appropriate for the
Wu Kong area. There were no serious pest problems in the
area.
“The US Germplasm Team was permitted to sample
soybean nodules from each province visited. This was
the first collection of Rhizobium japonicum made by US
scientists in the PRC. The samples will be evaluated for
similarity to US strains and efficiency of nitrogen fixation.
In addition to their scientific value, they represent the
opportunity for cooperative research between the US and
PRC in studies of symbiotic nitrogen fixation.
“What happens next? A proposal for a scientific
exchange on soybeans in 1980 has been submitted to the
US government for consideration in upcoming meetings
with the PRC in January, 1980. The four recommended
areas of emphasis would be cyst nematode, viruses,
symbiotic nitrogen fixation, and germplasm maintenance and
utilization. The purpose of the exchange would be to arrange
for cooperative research between the two countries.
“An initial exchange of germplasm of G. max will be
attempted during the winter of 1979-8O. Contacts made
with the PRC will be pursued in an effort to begin an orderly
exchange between the two countries. Cooperative research
on wild species, such as Glycine soja, probably will not
occur until the PRC has had sufficient time to collect and
evaluate the material. The US Germplasm Team made it
clear that US scientists are ready to assist in collection or
evaluation of the wild species.
“I have made no attempt in this report to present
detailed information received on crops other than soybeans,
production practices for soybeans, and the nature of the
institutions visited. Such information has been prepared and I
will be pleased to share a copy with you upon request.
“The US Germplasm Team was treated with every
possible courtesy by their hosts in the PRC. The itinerary
provided us a good opportunity to see the institutions and
persons involved with plant germplasm. Our discussions
were lively, and we were provided with the information we
requested. Such excellent cooperation speaks well for future
scientific activities between the two countries.”

A small portrait photo shows Walter Fehr.
Note: Again no mention is made of the decades of
soybean varietal improvement work done by Japanese
scientists in southern Manchuria from about 1910 to 1942.
What happened to these improved varieties? Address: Dep.
of Agronomy, Iowa State Univ., Ames, Iowa 50011.
2279. Vidal, A.; Arnoux, M. 1980. Les problèmes posés
par l’amélioration variétale du soja en France [Problems
encountered in variety improvement of soybeans in France].
Revue Francaise des Corps Gras 27(1):23-25, 30. Jan. [Fre;
eng]
• Summary: The aim is the creation of soybean varieties
better suited to the French climate based on a better
knowledge and control of physiological attributes of the
genus and an enlargement of the available germplasm. The
main research subjects concern the photosynthesis, thermic
and photoperiodic behavior, plant architecture, length of
the different cycle phases, the kind of development, and
resistance to drought and to laying parasites. Address:
I.N.R.A. Station d’Amelioration des Plantes–Montpellier,
France.
2280. INTSOY Newsletter (Urbana, Illinois). 1980. INTSOY
research highlights: Soybean genetic improvement program.
No. 20. p. 1-2. Feb.
• Summary: “The purpose of this program is to identify and
develop high yielding, nutritious soybean varieties suitable
for production in tropical and subtropical areas. INTSOY’s
breeding program in centered in Puerto Rico, where soybean
accessions and varieties developed by cooperating breeders
are grown to identify desirable traits. These traits are then
introduced into existing varieties. Crosses are made to
produce segregating populations from which superior lines
can be selected.”
“The results from six years of variety evaluation have
demonstrated that cultivars developed in temperate zones
can provide large yields under experimental conditions in
the tropics and subtropics. Existing germplasm was found
to be more flexible and widely adapted than expected.
Experimental yields have averaged between 2,200 and 3,000
kg/ha, and at selected locations have ranged from 4,000 to
6,000 kg/ha. The protein content of soybeans grown in the
tropics has been comparable to that of soybeans grown in
temperate zones.
“The yield potential of soybeans grown in the tropics is
not always related to the maturity group. For example, Davis
in group IV has consistently yielded more than later maturing
varieties at almost all latitudes and altitudes. Williams in
group III has produced larger yields than some later maturing
types, even though it flowered earlier and did not grow as
tall. However, as a group, later maturing cultivars yielded
more than earlier maturing cultivars.”
“Analysis of the sources of variance in ISVEX results
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indicates that yields from the same soybean variety may
be affected more by management techniques than by
environmental conditions. Crop management skills are
clearly an important part of successful soybean cultivation.
“As a result of having conducting ISVEX trials,
many countries have found that soybeans can be grown
successfully and economically.” Egypt has been a leader in
soybean variety development and commercial production–
which “has now exceeded 40,000 hectares. Iran, Ivory Coast,
Pakistan, the Philippines, and Syria have imported large
quantities of seed for soybean production; Benin, India,
Kenya, Morocco, Somalia, and the Sudan have purchased
smaller quantities.”
2281. Gay, Scott; Egli, D.B.; Reicosky, D.A. 1980.
Physiological aspects of yield improvement in soybean.
Agronomy Journal 72(2):387-91. March. [32 ref]
• Summary: “The data reported in this paper, comparing two
pairs of old low yielding and new high yielding cultivars,
demonstrates two possible ways by which higher yields were
achieved. The increased yield of Williams in comparison to
Lincoln resulted partially from an increase in the duration of
the grain filling period, suggesting that this may be a possible
means of yield improvement in the future.” Address: Dep. of
Agronomy, Kentucky Agric. Exp. Station, Lexington, KY.
2282. Buzzell, R.I.; Voldeng, H.D. 1980. Inheritance of
insensitivity to long daylength. Soybean Genetics Newsletter
7:26-29. April 1. [8 ref]
• Summary: “Genetic tests for daylength insensitivity have
been run using PI 297,550, reported to be day-neutral by
Polson (1972), as source material. Segregating material
was grown under long days at various times from 1973 to
1979, either in a growth cabinet (Buzzell et al., 1974) or
in a greenhouse with daylength extended to 20 hours with
incandescent light...” Address: Agriculture Canada, Research
Stations Harrow and Ottawa, Ontario, Canada.
2283. Buzzell, R.I.; Buttery, B.R.; Shibles, R.M. 1980.
Research notes: Flavonol classes of cultivars in Maturity
Groups 00-IV. Soybean Genetics Newsletter 7:22-26. April 1.
[8 ref]
• Summary: “Since the complementary action of fg-1 and
fg-3 in producing kaempferol 2G-glucosyl-gentiobioside
(Buttery and Buzzell, 1975) is associated with deleterious
effects on chlorophyll concentration, photosynthetic rate and
yield (Buttery and Buzzell, 1976), the bringing together of
these two genes in crosses may necessitate selection against
the fg-1-Fg-3 genotype in the segregating material.” Address:
1. Agriculture Canada Research Station, Harrow, Ontario,
Canada; 2-3. Iowa State Univ., Agronomy Dep., Ames, Iowa.
2284. Edwards, Anne Duncan; Hirsch, Anita. 1980.
Sprouting soybeans. Rodale Research Report (Emmaus,

Pennsylvania) No. 80-5. 9 p. April. [5 ref]
• Summary: Small-seeded soybeans, weighing less than 10
grams per 100 beans, can be used to make highly nutritious
and tasty sprouts. Research at the Organic Gardening and
Farming Research Center (conducted from May 1978 to Nov.
1979) has led to the selection of the five most promising
varieties from 209 accessions tested. Tables show: (1)
Soybeans tested for sprouting. For each is given: Accession
number, seed source, maturity group, pedigree/variety. (2)
Top five soybeans with potential as sprouts. For each is
given: Accession number, origin/source (The source of four
of these was Korea), pedigree name, grams/100 seed (ranges
from 5.5 to 9.1), yield on farm (kg/ha; ranges from 1,681 to
1,524), flower color, kitchen germination percentage (ranges
from 80% to 100%), average length (ranges from 1.62 to
3.18 inches). Raw taste (acceptable or good). Address: 1.
New Crops Section; 2. Rodale Test Kitchen. Both: Emmaus,
Pennsylvania.
2285. Nissen, Per; Fageria, N.K.; Rayar, A.J.; Hassan, M.M.;
Hai, T.V. 1980. Multiphasic accumulation of nutrients by
plants. Physiologia Plantarum 49(2):222-40. June. [47 ref]
• Summary: Seedlings of rice, soybeans, and sour orange
(Citrus aurantium) were grown for 20 and 125 days under
controlled conditions–apparently in Norway, although this is
not completely clear. Details are given on the accumulation
of nitrogen, ammonium, phosphorus, phosphate, and
magnesium is various parts of the soybean plant. Address:
Dep. of Microbiology and Plant Physiology, Univ. of Bergen,
Allegaten 70, N-5014 Bergen, Norway; Louvain-La Neuve,
Belgium.
2286. Thompson, William N. 1980. History of work with
soy and views on the potential of soyfoods around the world
(Interview). Conducted by William Shurtleff of Soyfoods
Center, July 3. 3 p. transcript.
• Summary: 1. What is your background and how did you
become interested in soy and INTSOY? Ans: He grew up
on a farm in Illinois when soy was still a very small crop.
In college, he was an ag economist, specializing in farm
management, with work on the economics of various types
of cropping systems. In 1965 he helped to develop an
agricultural university in Sierra Leone. This experience was
very valuable in orienting him toward the problems of the
developing world. Since then, most of his work has been
on these problems. He has had short-term assignments in
India, Nepal, and Thailand, where he developed research and
education organizations. He is the first director of Intsoy. He
had no special interest in soy before joining Intsoy except
that soy and maize are major crops in Illinois. He is mainly
an administrator, not a technical man. His major role has
been to develop an institutional structure to make knowledge
on soy available worldwide.
2. What do you feel are the two or three main
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advancements that INTSOY has made worldwide? (a)
Facilitate worldwide network to improve communications
among people interested in soy. Regional conferences,
newsletter, publication series, training courses at the Univ.
of Illinois. (b) Focus on the key problems of soy in tropical
countries. Intsoy has more impact in India than in any other
country. The India program started in 1965 (funded by US
AID) with the cooperation of Indian food scientists and
agronomists, specially at Pantnagar and Bareilly. The two
university development projects in India were in Madhya
Pradesh and Uttar Pradesh. Then the Coordinated Research
Project on Soybeans was developed–both utilization and
production. The results were exciting. Intsoy grew out of
that program as the potential became clear. Now India has
1 million acres in soybeans. Develop soybean varieties
that will grow in areas where it was formerly not thought
possible. Develop new Maturity Groups 0 and 00 to the north
and 9 and 10 to the south as soybeans are grown ever closer
to the equator. Work on soybean diseases (mosaic virus), pest
control. Intsoy has done more work in soybean production
than in utilization. It is hard to get financing for utilization.
New soybean countries working with Intsoy: Ecuador
now has 30,000 acres of soybeans, Egypt 50,000 acres, Ivory
Coast, Pakistan (good yields), Colombia, Guatemala (work
with Plenty from Tennessee), Indonesia, Thailand, Zambia,
Kenya, Ghana, and Nigeria. (c) The method for boiling and
processing whole soybeans using sodium bicarbonate has
been a breakthrough. Soy + cereals make low-cost infant
foods.
3. Do you feel that in 20 to 30 years most countries in
the world will be growing and processing soybeans. Yes,
he thinks that, in the next 15-30 years, most developing
countries will have soybeans growing somewhere in their
country. This will take adaptive research domestically. Some
areas and climate in most countries are suited to soybeans,
which can now be grown under a wide range of conditions.
The soybean is a high producer of both energy (calories) and
protein per hectare.
4. What are your views on low-technology soyfoods
in Third World Countries? Which particular foods do you
feel will become widely used in South Asia, South America,
and Africa. Intsoy’s primary orientation is low-tech–using
less capital and more labor. The Sri Lanka program is
medium- to low-tech. Intsoy is proud of that program and its
training activities. There is great potential to expand soybean
utilization in this way.
5. How do you feel about the use of soy in livestock
feeds in poor countries? Is there a danger that the upper
classes will use most of the soy protein to make their meat
leaving little for direct food use? This is not much of a
problem since prices for soy will always be low for use as
livestock feed. We should use soy to help as many people
as possible. The more affluent, with economic and political
power, will consume more animal proteins and soy. Soy

will easily find its way into feed. We need strategies to get
soy to the poor–those who need it most. It can also be used
in feeds for animals of the poor. Intsoy’s bias is to help soy
find its way into the diets of low-income people. We must be
very careful with the crop that is displaced, so that a net gain
results. In India, the soybean fit in as a monsoon crop where
no other crop was grown. Beware of the Brazil problem.
Intsoy did some variety testing in the Amazon in Brazil.
They now have varieties that yield very well in northern
Brazil. Brazil has lifted some technologies from the U.S.,
such as highly mechanized farms, but this will not work in
northeastern Brazil. There has been aggressive government
support and subsidies for soy in Brazil. Dr. Thompson has
lots of respect for Brazil and the government’s support
for agricultural development. Now they need to work on
nutrition and food uses. The main problem for Intsoy is to
figure out how soy can met the needs of a particular country
or region; not to get soy growing everywhere.
6. Are you aware of a deemphasizing of the role of
protein in the diet in Third World countries? How might this
affect soy? If we grow enough grains, will the protein take
care of itself? Soy fits in nicely with the Green Revolution,
although this revolution has led to a decrease in legume
production in India. This leads to more funding for IRRI and
less for soy. But there is still a problem of protein in some
countries that have done a lot to meet calorie needs. It is an
oversimplification to say that a diet with adequate calories
will contain enough protein. Indians now realize this. They
now want more dairy milk–the white revolution.
7. Recent findings at MIT and INCAP have shown that
for humans soy protein is approximately equal in quality
to that of milk and meats. How long do you think it will
be before this finding has an impact in America and the
Third World? Dairy milk is no longer considered to contain
higher quality protein than soymilk. Dr. Thompson thinks
this research data is solid. Perhaps more important, we can
produce 4 times as much protein from a unit area of land in
the form of soymilk than of dairy milk. So the key problems
are acceptability and cost.
In the U.S., as with margarine replacing butter, there
is a gradual move toward vegetable proteins. That move is
faster in the Third World where people have less choice with
their food dollars. Dr. Thompson thinks that when people
are introduced to soyfoods in the Third World, they will
generally like them, and buy or make them. They are not as
resistant to change as we might think–as shown clearly in
the Sri Lanka program. Moreover, ingredients like ground
whole soybeans or soy flour can be added to baked goods
or tortillas where people are not aware that they are eating a
more nutritional food.
8. How might the Soycrafters Association and our NewAge Foods Study Center cooperate with INTSOY? Specific
projects? He thinks our two organizations are more oriented
toward the USA, whereas Intsoy is oriented toward the Third
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World. Yet he sees good opportunities for cooperation–as in
Intsoy learning more about traditional Asian soyfoods such
as tofu, tempeh, miso, etc. He hopes our two organizations
can have more of an impact on the Third World. Les Ferrier
has done lots of overseas utilization work. Maybe we could
be on a technical advisory committee (TAC).
9. Would you favor legislation requiring 5-10%
fortification of items such as baked goods and chapaties in
poor countries growing soybeans if this did not decrease the
acceptability of the foods. How might it affect cost? Is there
any such legislation?
10. Any other comments? Intsoy’s annual budget is less
than $2 million, including $850,000 from AID for Urbana
and Puerto Rico. IRRI’s budget is about $15 million. Part
of the reason for the difference is due to the reevaluation of
the importance of protein in human diets. Address: Director,
INTSOY, Univ. of Illinois at Urbana-Champaign, Urbana,
Illinois.
2287. Schmid, J.; Keller, E.R. 1980. The behavior of three
cold-tolerant and a standard soybean variety in relation to the
level and the duration of a cold stress. Canadian J. of Plant
Science 60(3):821-29. July. [9 ref. Eng; fre]
• Summary: This study shows that if soybeans are to be
grown successfully in the relatively cool regions Canada and
Europe, cold tolerant varieties will definitely be needed. Cold
tolerance is especially important during germination, as well
as during the first vegetative stages of development (V1 to
V3), and even during the onset of flowering.
The variety Gieso was rather intolerant to cold, whereas
the variety Amurskaja 41 showed higher yields under the
influence of cold stress.
Note: Three cold stress factors are of greatest
importance: (1) Influence of the date of the cold stress
during the vegetative and reproductive development. (2)
Influence of the duration of the cold stress. (3) Influence
of the temperature levels. Address: Swiss Federal Inst. of
Technology, Dep. of Crop Science (ETH), CH-8092 Zurich,
Switzerland.
2288. TeKrony, D.M.; Egli, D.B.; Phillips, A.D. 1980.
The effect of field weathering on the viability and vigor of
soybean seed. Agronomy Journal 72:749-53. Sept/Oct. [27
ref]
• Summary: “Harvest maturity [HM] approximates the first
date that soybean seed can be harvested commercially. The
range in viability and vigor at HM for the five production
environments reported herein demonstrates the importance
of timely harvesting and evaluation of seed vigor soon after
harvest. In 1975 both the viability and vigor of the Cutler
71 seed had declined below acceptable germination levels
(<80%) by HM. If such information were available to a seed
producer shortly after harvest, a decision could be made
regarding the seed lot’s potential prior to the additional

processing and storage necessary for planting seed.”
Address: Dep. of Agronomy, Kentucky Agric. Exp. Station,
Lexington, KY.
2289. Asimi, S.; Gianinazzi-Pearson, V.; Gianinazzi, S. 1980.
Influence of increasing soil phosphorus levels on interactions
between vesicular-arbuscular mycorrhizae and Rhizobium in
soybeans. Canadian J. of Botany 58(20):2200-05. Oct. 15.
[29 ref. Eng; fre]
• Summary: In nodulated soybeans growing in sterile
unamended soil, growth and yield increases were obtained by
inoculation with the vesicular-arbuscular (VA) mycorrhizal
fungus Glomus mosseae. These were accompanied by
improved phosphorus uptake (phosphorus is probably the
most important nutrient for growth and effective nodulation
of legumes), lower root to shoot ratios, better nodulation
with higher nitrogenase activity, and changes in the pattern
of the latter during plant growth. Phosphate fertilization
increased yield and phosphorus content, but “higher levels
of phosphate fertilization considerably diminished infection
and, in particular, fungal spread within the roots.” Address:
Station d’Amélioration des Plantes, Institut National de la
Recherche Agronomique [INRA], BV 1540, 21034 Dijon,
France.
2290. Ashworth, E.N.; Obendorf, R.L. 1980. Imbibitional
chilling injury in soybean axes: Relationship to stelar lesions
and seasonal environments. Agronomy Journal 72(6):923.
Nov/Dec. [16 ref]
• Summary: “Abstract: The increasing use of isolated
embryonic axes as experimental tissues for studies on early
germination events warrants an evaluation of stress effects
during hydration. The objectives were to evaluate embryonic
axis growth and stress crack formation in soybean... seeds
and isolated axes resulting from hydrational stresses of cold
temperatures and low tissue moisture...”
Note: In botany, “stelar” refers to the central cylinder
or cylinders of vascular and related tissue in the stem, root,
petiole, leaf, etc., of the higher plants. Address: 1. Graduate
Research Asst.; 2. Prof. of Crop Science. Both: Dep. of
Agronomy, New York State College of Agriculture and Life
Sciences, Cornell Univ., Ithaca, New York.
2291. Evans, D.A.; Paddock, E.F. 1980. Characterization of
x-ray induced increase of mitotic cross-overs in Glycine max.
Theoretical and Applied Genetics (TAG) 56(6):245-51. Nov.
[30 ref]
• Summary: “Three types of spots can be identified on
the leaves of heterozygous light green, Y/y, Glycine max
(L.) Merrill: dark green (D) and aurea (A) single spots
(resembling the phenotypes of the homozygotes) and
double (Db) spots consisting of adjacent D and A tissue.
X-irradiation increased the frequency of each type of spot
on simple and first compound leaves.” Address: 1. Center
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for Somatic Cell Genetics and Biochemistry and Dep. of
Biological Sciences, State Univ. of New York, Binghamton,
NY; 2. Dep. of Genetics, Ohio State Univ., Columbus, Ohio
(USA).

variations, morphological patterns. Population structure.
Genetic diversity. Classification, origin, and distribution.
Conclusions. Address: Dep. of Crop and Soil Sciences,
Michigan State Univ., East Lansing, Michigan 48824.

2292. Bailey, David S.; DeLuca, V.; Dürr, M.; Verma,
D.P.S.; Maclachlan, G.A. 1980. Involvement of lipid-linked
oligosaccharides in synthesis of storage glycoproteins in
soybean seeds. Plant Physiology 66(6):1113-18. Dec. [31
ref]
• Summary: “The 7S complex of soybean storage
proteins contains about 5% by weight of covalently bound
carbohydrate (29). When the purified 7S complex is
subjected to SDS-polyacrylamide gel electrophoresis, it
can be resolved into several components, all of which are
glycosylated as determined by periodic acid-Schiff staining
(25). The saccharide moieties include oligosaccharides
attached to asparagine containing 2 glucosamine and up
to 9 mannose units (28, 29). Similar oligosaccharides are
found in soybean agglutinin (18). Little is known about the
mechanisms of biosynthesis.” Address: Dep. of Biology,
McGill Univ., Montreal, Quebec, Canada H3A 1B1.

2296. Boonitee, Aht. 1980. Photoperiod and flowering of
Glycine max (L.) Merrill var. S.J. 4. In: 1980. Proceedings
of Legumes in the Tropics. Serdang, Selangor, Malaysia:
Faculty of Agriculture, Universiti Pertanian Malaysia. xi +
488 p. See p. 67-71. [2 ref]
• Summary: “Introduction: Photoperiodic control of
reproductive activity has been investigated for a long time.
Garner and Allard (1920) were really the first group to
establish the concept of day length as a control of flowering
and named the process as photoperiodism. They recognized
three classes of photoperiodic response: Short-day plants
(SDP). Long-day plants (LDP) and intermediate plants.
Some species may be strictly controlled by photoperiods,
and many others may be only quantitatively accelerated
or delayed. The difference is sometimes quite blurred.
Some plants are strictly SDP as seedlings, becoming only
quantitatively accelerated by short days as they grow older
and intermediate with further ageing. Soybean has been
classified as strictly SDP. (Leopold and Kriedemann, 1975).
The two principal means of studying the characteristics of
the photoperiodic flower stimulus are examination of the
kinetics or quantitative characteristics of photoperiodic
induction and separation of the floral induction into
component or partial processes.” Address: Kasetsart Univ.,
Faculty of Science and Arts, Bangkok, Thailand.

2293. Khan, A.A.; Peck, N.H.; Samimy, C. 1980-1981. Seed
osmo-conditioning: Physiological and biochemical changes.
Israel J. of Botany 29(1-4):133-44. *
• Summary: Includes a discussion of soybeans, variety
Altona.
2294. Keogh, R.C.; Deverall, B.J.; McLeod, S. 1980.
Comparison of histological and physiological responses to
Phakopsora pachyrhizi in resistant and susceptible soybean.
Transactions of the British Mycological Society 74(2):32933. *
• Summary: “Cuticular epidermal penetration and death of
the penetrated cells were similar in two soybean cultivars.
Although subsequent hyphal branching and growth
decreased, the retention of typan blue stain increased in
the resistant cultivar. No uredinia formed in the resistant
cultivar. Phytoalexin formation began earlier in the resistant
cultivar and at a time when many cells had changed in
their physiology as revealed by stain retention. An extract
of germinated uredospores caused rapid browning and
phytoalexin formation in pods of the resistant cultivar” (from
AVRDC 1992, #208). Address: 1. Australia.
2295. Adams, M.W.; Pipoly, J.J., III. 1980. Biological
structure, classification and distribution of economic
legumes. In: R.J. Summerfield and A.H. Bunting, eds. 1980.
Advances in Legume Science. Royal Botanic Gardens, Kew,
Richmond, Surrey, England. xvi + 668 p. See p. 1-16. [56
ref]
• Summary: Contents: Abstract. Biological structure:
Physiological adaptations, anatomical (vascular)

2297. Corbin, Frederick T. ed. 1980. World Soybean
Research Conference II: Proceedings. Boulder, Colorado:
Westview Press. xv + 897 p. Held at North Carolina State
Univ., 26-29 March 1979. Author index. 24 cm. [1500+ ref]
• Summary: The book contains the following major
divisions: Foreword. Preface. Keynote addresses. Mineral
nutrition (3 papers). Nitrogen fixation (3). Physiology
(6). Breeding (8). Entomology (8). Plant pathology
(2). Weed control (3). Production (4). Engineering (6).
Modeling soybean systems (6). Research techniques (2).
Utilization–oils (4). Utilization–protein (5). Protein and oil
(3). Agribusiness (4). Marketing, transport and storage (6
papers). Address: Prof. of Crop Science; North Carolina
State Univ., Raleigh.
2298. Corbin, Frederick T. ed. 1980. World Soybean
Research Conference II: Abstracts. Boulder, Colorado:
Westview Press. 124 p. Conference held 26-29 March 1979
at North Carolina State Univ. Author index. 24 cm.
• Summary: The World Soybean Research Conference II
was held on 26-29 March 1979 at North Carolina State
University. This volume contains summaries of the more
than 200 papers, both invited and contributed, presented at
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that meeting. The full proceedings contains 74 of the invited
papers in full.
Contents: Keynote addresses. Mineral nutrition.
Engineering. Nitrogen fixation. Entomology. Utilization.
Breeding. Physiology. Production. Protein and oil.
Plant pathology. Modeling soybean systems. Regional.
Agribusiness. Marketing, transport and storage. Weed
control. Research techniques. Addendum.
Note: We find this book of abstracts impossible to use.
We are looking for an abstract by E.L. Pulver, whose name
is listed in the Author Index. We are told that this abstract
appears at “Mon. 1615-1630 in Program 4, Abstract 15.” In
neither of the two volumes (Proceedings and Abstracts) is
there any reference to date or time. Which volume are we
supposed to look in? Presumably “Abstracts” so we looked
manually and never could find the abstract by Pulver. There
are no instructions for how to use this unusual Author Index.
Address: Prof. of Crop Science; North Carolina State Univ.,
Raleigh.
2299. Hurd, R.G.; Biscoe, P.V.; Dennis, C. 1980.
Opportunities for increasing crop yields. London & Boston:
Pitman. xi + 410 p. Illust. 24 cm.
• Summary: At head of title: “Association of Applied
Biology.”
“Taken from proceedings of a meeting held at the
University of Reading, 17-21 September 1979 to celebrate
the 75th Anniversary of the Association of Applied Biology.”
Includes bibliographies and indexes. Address: Univ. of
Reading, England.
2300. International Institute of Tropical Agriculture. 1980.
Annual report 1979. Ibadan, Nigeria. 152 p.
• Summary: The section titled “Soybean” (p. 93-98), within
the Grain Legume Improvement Program, discusses: Genetic
improvement: Yield trials in Nigeria (at IITA and Mokwa)
and seed storability (At IITA in 1979 the variety M-216
yielded 1,480 kg/ha), heritability of seed longevity, selection
for seed storability, resistance to field weathering, screening
for promiscuous nodulation, nondestructive assay of nitrogen
fixation, photoperiod studies, resistance to bacterial pustule,
management trials. Microbiology: Rhizobium culture
collection, rhizobia in acid soils.
Note: The word “promiscuous” would soon become
widely used in connection with nitrogen fixation in the
tropics, especially in Brazil and Africa. Address: Ibadan,
Nigeria.
2301. Jordan, Darryl; Jenkins, Suzy. 1980. Plenty
Agricultural Program: Guatemala. Summertown, Tennessee:
Plenty. 46 p. Illust. 28 cm. Presented to UNICEF Guatemala.
• Summary: This is the single best report on the innovative
1978 Plenty-UNICEF project in the San Andres Itzapa
area (Chimaltenango) of the Guatemala highlands. Most of

the report focuses on trials with soybeans and other crops
(written by Darryl Jordan), but there is also an excellent
supplement, with 15 magnificent, lively photos showing the
local people involved in the soy dairy project. Many of these
photos were taken by Jenny Banks Bryant and others.
Contents: Preface, by Edward Sierra, executive director
of Plenty. Soybean variety trials. Photoperiod response
experiment. Soybean insects and diseases. Continuation of
the soybean project. Grain amaranth. Quinoa. Winged bean.
Cover crops and crop rotations. Nematodes. Fertilizer use.
Seed collection. Plenty report for UNICEF, by Suzy Jenkins
(Plenty soy technician). Supplement: Soy utilization and
nutrition. List of figures: Field data for soy variety trials.
Graphs of soybean yield data. Three graphs of soybean
yield data. Yield equivalents for soybeans. Oil and protein
analyses. Relative yields of protein for various crops. Crop
rotation.
A table (p. 12) shows field data on INTSOY variety
trials in 1978. The highest yields came from the soybean
varieties Davis (40.1 bushels/acre = 4,161 lb/manzana;
1.7 manzanas = 1 hectare), Cobb (34.6 bu/acre = 3,590 lb/
manz.), Bossier (32.8 bu/acre = 3,400 lb/manz.), Forrest
(31.4 bu/acre = 3,251 lb/manz.).
Photos in the Plenty report for UNICEF show: (1-3)
Severely malnourished babies lying on their backs. (4)
Suzy Jenkins holding Baby Cruz, now age 8 months, after 4
months of soymilk. “She is one of several children who were
able to regain good health.”
(5) Suzy Jenkins (5’ 4”), a Plenty volunteer (on left)
walking with her friend Juana (4’ 10”), each carrying water
in a pot on their heads for a soy demonstration in Solola.
“Juana stands about the average height for the ladies of
Guatemala. She eats a protein-deficient diet.
(6) A Mayan lady grinding soaked soybeans on a metate,
traditionally used for grinding corn / maize. (7) Add the
ground soybeans and, stirring regularly, cook for 20 minutes
over a wood fire. Suzy stirs.
(8) Ladle the cooked soybean slurry into a colander
lined with several layers of cheesecloth and set over a pot to
catch the soymilk. Soy pulp [okara] remains behind in the
cheesecloth.
(9) “Soymilk, slightly sweetened, contains 9.1 grams
of protein per cup. One pint of soymilk or 1 cup of tofu will
provide nearly one-half of a child’s total protein requirement
for a day. Children love it.” (10). To make soy cheese [tofu]:
Add vinegar (or other coagulant) to hot soymilk, causing
it to separate into curds and whey. Ladle or gently pour
the mixture into a colander lined with several layers of
cheesecloth and placed over a pot. The cheesecloth catches
the curds, while the whey drains through into the pot. The
whey can be used as a soup stock; it contains some vitamins
and other nutrients.
(11) A happy group enjoying their soymilk. (12) Press
the curds to make tofu, which can be sliced and fried, eaten

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 713
plain with salt, or scrambled and fried with onions and
tomatoes. A boy, standing, is enjoying a tofu sandwich.
(13-15). People eating tofu, which is a complete protein;
when served with grain foods like tortillas or bread, its
protein quality is increased. Address: 1. Plenty Agricultural
Technician; 2. Plenty Soy Utilization Technician. Both: The
Farm, Summertown, Tennessee.
2302. Masood, S.M.S.; Ali, H.A.; Mohammad, M.A.I.;
Sulaiman, W.D. 1980. [Comparative studies on the
performance of sixteen soybean varieties from various
maturity groups under irrigated conditions in north Iraq].
Mesopotamia Journal of Agriculture 15(2):227-238 (127-138
in Arabic). [13 ref. Ara; eng]*
2303. Munns, D.N.; Mosse, B. 1980. Mineral nodulation of
legume crops. In: R.J. Summerfield and A.H. Bunting, eds.
1980. Advances in Legume Science. Royal Botanic Gardens,
Kew, Richmond, Surrey, England. xvi + 668 p. See p. 11525. [103 ref]
• Summary: Members of the Leguminosae, including
those species important as crops, share with most other
green plants an ability to improve their nutrient uptake
by mycorrhizal associations between their roots and soil
fungi. They also have the virtually unique potential for
assimilation of dinitrogen through symbiosis with species of
the bacterium Rhizobium. Address: 1. Univ. of California,
Davis, California; 2. Dep. of Soil Microbiology, Rothamsted
Experimental Station, Harpenden, Herts., AL5 2JQ, England.
2304. Roberts, E.H.; Ellis, R.H. 1980. Seed physiology and
seed quality in soyabean. In: R.J. Summerfield and A.H.
Bunting, eds. 1980. Advances in Legume Science. Royal
Botanic Gardens, Kew, Richmond, Surrey, England. xvi +
668 p. See p. 297-311. [62 ref]
• Summary: “Soyabean seeds are particularly susceptible to
mechanical damage during harvesting and threshing. Various
attempts have been made to develop laboratory tests which
give an indication of potential field emergence. To this end
some workers support a multiple-criterion approach but,
because of the strong correlations between various attributes
of seed vigour it is argued here that a single-criterion test
should be satisfactory. For this purpose we propose a
modification of accelerated-ageing techniques, in which, in
contrast with traditional techniques, it is advocated that the
seeds are aged at a constant water content. This allows the
survival curve to be fitted by probit analysis, extrapolation
from which provides an accurate estimate of percentage
viability at the beginning of the test. Such a method would
give comparable results even when the test conditions
between samples or on different occasions are not identical.”
Address: Univ. of Reading, Reading, Berkshire, England.
2305. Saito, Masataka; et al. 1980. Daizu no seitai to saibai

gijutsu [The soybean: Its life and cultivation technology].
Tokyo: Nosan Gyoson Bunka Kyokai. 428 p. [240+ ref. Jap]
• Summary: Contains many chapters by various authors.
2306. Sanbuichi, T. 1980. Cool weather tolerance in
soyabean breeding. In: R.J. Summerfield and A.H. Bunting,
eds. 1980. Advances in Legume Science. Royal Botanic
Gardens, Kew, Richmond, Surrey, England. xvi + 668 p. See
p. 287-88. [9 ref]
• Summary: The Tokachi district is located in the eastern
part of Hokkaido, Japan’s northernmost island. In years of
normal weather, the average yield of soybeans in the Tokachi
District is much larger than the average for all of Japan,
but it decreases very seriously in cool years. At the Tokachi
Agricultural Experiment Station, where soybeans have been
bred for more than 50 years, cool weather tolerance is one of
the most important objectives. Address: Tokachi Agric. Exp.
Station, Memuro-cho, Kasai-gun, Hokkaido, Japan.
2307. Saxena, Naresh Chandra. 1980. Physical properties
of soybeans for processing, storage and handling. In: 1980.
Proceedings of Legumes in the Tropics. Serdang, Selangor,
Malaysia: Faculty of Agriculture, Universiti Pertanian
Malaysia. xi + 488 p. See p. 29-41. [11 ref]
• Summary: Contents: Abstract. Introduction. Engineering
views of materials. Moisture-mechanism in biomaterials.
Shape importance. Physical properties of seeds. Structure
of soybean kernel. Physical characteristics and mechanical
properties. Thermal properties. Sonic properties. Optical
properties. Electrical properties. Soybean root behaviour.
Conclusions. Address: Dep. of Engineering Science, Faculty
of Agricultural Engineering, Universiti Partanian Malaysia.
2308. Shanmugasundaram, S.; Sheng, Lee Maw. 1980.
Influence of night temperature on the flowering of the
photoperiod sensitive and day-neutral soybeans. In: 1980.
Proceedings of Legumes in the Tropics. Serdang, Selangor,
Malaysia: Faculty of Agriculture, Universiti Pertanian
Malaysia. xi + 488 p. See p. 53-55, 64-66. [21 ref]
• Summary: Extensive soybean trials in the tropics and subtropics show an interest in adding it to cropping systems. If
suitable varieties are available, soybeans can (theoretically)
be cultivated year round in the tropics and sub-tropics.
Most soybean cultivars are considered to be short day
plants. Temperature is also known to affect the flowering
of soybeans. Accession G 215 was found to be a “dayneutral cultivar.” Address: Asian Vegetable Research and
Development Centre (AVRDC), Tainan, Taiwan. Republic of
China.
2309. Shibles, R. 1980. Adaptation of soyabeans to different
seasonal durations. In: R.J. Summerfield and A.H. Bunting,
eds. 1980. Advances in Legume Science. Royal Botanic
Gardens, Kew, Richmond, Surrey, England. xvi + 668 p. See
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p. 279-86. [12 ref]
• Summary: “Important characteristics believed to contribute
to adaptation to seasons which vary in duration from 90
to 180 days include: (a) the inverse temperature responses
of both rate of leaf appearance and LAR [leaf area ratio]
vs. leaf size and branching, which allow an adequate
source capacity to develop even in cool conditions; (b) an
indeterminate growth habit which permits efficient use of the
short seasons that prevail in temperate latitudes; (c) a major
gene for photoperiod responsiveness which delays flowering
in determinate types until a large source capacity has been
developed; and (d) photoperiod responsiveness in later stages
of reproductive development which allows some regulation
of time of maturity in addition to that mediated through time
of flowering.”
Note 1. Soybeans attain a leaf area index (LAI) of
between 4 and 5. Leaf area index is a dimensionless quantity
that characterizes plant canopies. It is defined as the onesided green leaf area per unit ground surface area.
Note 2. Leaf-area ratio is the photosynthetic surface
area per unit dry weight of a plant. It is a measure of the
efficiency with which a plant deploys its photosynthetic
resources. Address: Iowa State Univ.
2310. Sinclair, T.R.; Lugg, D.G.; Spaeth, S.C. 1980.
Comparative fixation and utilisation of carbon and nitrogen
among soyabean genotypes. In: R.J. Summerfield and A.H.
Bunting, eds. 1980. Advances in Legume Science. Royal
Botanic Gardens, Kew, Richmond, Surrey, England. xvi +
668 p. See p. 313-22. [42 ref]
• Summary: “Nitrogen fixation in field-grown soyabean
plants increases rapidly before the appearance of flowers,
peaks between early and mid pod-fill. and then declines
abruptly. However no observations have been made in situ
and there are ambiguities about the diurnal and seasonal
changes that occur.” Address: USDA, Cornell Univ., Ithaca,
New York.
2311. Summerfield, R.J.; Wien, H.C. 1980. Effects of
photoperiod and air temperature on growth and yield of
economic legumes. In: R.J. Summerfield and A.H. Bunting,
eds. 1980. Advances in Legume Science. Royal Botanic
Gardens, Kew, Richmond, Surrey, England. xvi + 668 p. See
p. 17-36. [94 ref]
• Summary: “Grain legume crops are affected more than
most others by the vagaries of weather and climate. Seasonal
variations in, and interactions between, photoperiod and air
temperature, coupled with different diurnal thermal regimes
which depend not only on latitude but also on altitude, are
the major environmental factors that regulate the rate and
duration of vegetative growth and the realisation of the
consequent yield potential.” Address: 1. Univ. of Reading,
England; 2. IITA, Ibadan, Nigeria.

2312. Summerfield, R.J. 1980. The contribution of
physiology to breeding for increased yields in grain legume
crops. In: R.G. Hurd, P.V. Biscoe and C. Dennis. 1980.
Opportunities for Increasing Crop Yields. London & Boston:
Pitman. xi + 410 p. See p. 51-70. Illust. 24 cm. *
Address: Univ. of Reading, England.
2313. Trikha, R.N.; Nave, R.W. 1980. Under severe drought
soyabean: Production, demonstration, problems, research,
training, field days, utilization, popularization. Bareilly (UP),
India: Soya Production and Research Assoc. 34 p. *
Address: Bareilly, UP, India.
2314. Madison, J.T.; Thompson, J.F.; Muenster, A.E. 1981.
Turnover of storage protein in seeds of soya bean and pea.
Annals of Botany 47(1):65-73. Jan. New Series. [11 ref]
• Summary: “There was no measurable degradation of soya
bean storage proteins. Even with the pea storage proteins,
the half-lives were so much longer than the maturation
time of seeds that degradation of storage proteins could not
account for the lower protein content of peas as compared
to soya beans. The validity of these results was indicated
by the finding that non-storage proteins had much shorter
half-lives and that omission of a carbon or a nitrogen source
greatly accelerated degradation. Labelled glycine was found
to be a good probe for protein turnover studies because it
was very rapidly metabolized.” Address: U.S. Plant, Soil and
Nutrition Lab., Agricultural Research, Science and Education
Administration, USDA, Ithaca, New York, 14853.
2315. SciQuest. 1981. Sulfur and the soybean. 54:3. Feb. [1
ref]
• Summary: “Legally permissible atmospheric
concentrations of sulfur dioxide can cut soybean yields
as much as 20%. However the researchers noted that in
some cases low sulfur dioxide concentrations stimulated
soybean production. In this instance, the sulfur dioxide in the
atmosphere could be compensating for a sulfur deficiency in
the soil.” Coal combustion is a major source of atmospheric
sulfur dioxide.
2316. Tsukamoto, J.Y. 1981. 1980 soybean activities in
the Prairie Provinces. Paper presented at the 36th Annual
Meeting of the Expert Committee on Grain Breeding
(ECGB). 15 p. Held 16-17 Feb. 1981 at Edmonton, Alberta,
Canada.
• Summary: The Prairie Provinces are Manitoba,
Saskatchewan, and Alberta. This paper consists of 3 parts.
Part 1 (p. 1-6, incl. Appendix I) is the basic presentation by
Joe Tsukamoto, which focuses on developments in Manitoba.
Approximately 7,000 bu of Maple Presto were harvested
from a demonstration project and crushed at C.S.P. Foods
in Altona to determine the commercial acceptance of this
variety.
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Part 2 (Appendix II, p. 7-14) is titled “The development
of new short-season soybean varieties,” by H.D. Voldeng of
Agriculture Canada, Ottawa. “There are four characteristics
that are of special concern to the plant breeder when he
evaluates the potential of a promising new strain: yield,
maturity, oil content and protein content. Growers are
particularly interested in yield and maturity, whereas industry
is concerned with oil and protein levels... In general higher
yields are produced by later maturing cultivars.” According
to table 1, the variety that matures in the shortest time, Maple
Presto, requires only 101 days in Manitoba, and gives a yield
of 1,980 kg/ha.
Part 3 (Appendix III, p. 15) is titled “Report on soybeans
in Southern Alberta, 1980,” by Hans-Henning Muendel
of Agriculture Canada Research Station, Lethbridge,
Alberta T1J 4B1, Canada. It discusses commercial trials
(including tests of small-seeded “natto” types), agronomic
and physiological studies, and varietal testing and breeding.
Address: Manitoba Agriculture.
2317. Gianinazzi-Pearson, Vivienne; Fardeau, J-C.; Asimi,
S.; Gianinazzi, S. 1981. Source of additional phosphorus
absorbed from soil by vesicular-arbuscular mycorrhizal
soybeans. Physiologie Vegetale 19(1):33-44. Jan/March. [36
ref. Eng; fre]
• Summary: “A vescular-arbscular (VA), or phycomycetous,
mycorrhiza is a symbiotic fungus-root association which
often greatly enhances plant growth and yield, particularly
when the level of assimilable P [phosphorus] in the soil is
low.” Address: Station d’Amélioration des Plantes, I.N.R.A.,
B.V. 1540, 21034 Dijon [France].
2318. Harrison, S.A.; Boerma, H.R.; Ashley, D.A. 1981.
Heritability of canopy-apparent photosynthesis and its
relationship to seed yield in soybeans. Crop Science
21(2):222-26. March/April. [22 ref]
• Summary: “Selection based on canopy-apparent
photosynthesis (CAP) may be a means of improving the
effectiveness of selection for seed yield in soybeans... The
present study was undertaken to determine the heritability of
CAP and to determine the relationship of CAP to seed yield
in F3-derived lines from two soybean crosses.” Address:
Dep. of Agronomy, Univ. of Georgia, Athens, GA 30602.
2319. Hymowitz, T.; Kaizuma, Norihiko. 1981. Soybean
seed protein electrophoresis profiles from 15 Asian countries
or regions: Hypotheses on paths of dissemination of
soybeans from China. Economic Botany 35(1):10-23. March.
[30 ref]
• Summary: This is a remarkable, pioneering paper
that presents new evidence, based on seed protein
electrophoresis, concerning the paths of dissemination of the
soybean from its place of origin in northeast China.
Soybean seed protein extracts from 1,603 accessions

obtained from 15 Asian countries or regions (not including
Japan) were analyzed for the presence of alleles of 2
proteins. The countries were: Northeast China [Manchuria]
(661 accessions), Korea (417), India (219), south and central
China (142), Thailand (34), Indonesia (33), Philippines (20),
Taiwan (18) USSR (16), Nepal (14), Malaysia (13), Vietnam
(5), Afghanistan (5), Pakistan (4), and Burma (2). Three
alleles of the Kunitz trypsin inhibitor, designated as Ti-a, Tib, and Ti-c, are electrophoretically distinguishable from one
another by their Rf values. The seed protein beta-amylase
has 2 alleles, designated as Sp1-a and Sp1-b, which are
electrophoretically distinguishable from one another by their
Rf values.
About 94% of all accessions had a Ti-a allele. “Only the
Korean and Central Indian soybean populations have a high
frequency for the Ti-b allele. Within Korea, the soybeans
from those districts that lie closes to Korea have a high
frequency for the Ti-b allele whereas the soybeans from
those districts that lie closest to China have a low frequency
for the Ti-b allele. The Ti-b allele is not present in soybeans
from the Philippines, Vietnam, Thailand, Malaysia, Burma,
Nepal, Pakistan, and Afghanistan. Only 1 accession each
from Taiwan and Indonesia have the Ti-b allele.
“The Sp1-a allele is not present in soybeans from
Taiwan, Vietnam, Thailand, Malaysia, Indonesia, Burma,
Pakistan, and Afghanistan. The highest frequency of the
Sp1-a allele occurs in soybean germ plasm from northern
India and Nepal.
Soybean germ plasm pools: “At present we recognize
7 soybean [germ plasm] pools (SGP) in Asia which are as
follows: (1) northeast China and the USSR; (2) central and
south China; (3) Korea; (4) Japan; (5) Taiwan and southeast
Asia; (6) north India and Nepal; and (7) central India. The
eastern half of north China, where the soybean emerged as a
domesticate around the 11th century B.C. is considered the
most probable center for dissemination of germ plasm...
“The soybeans from Asia (including Japan) were divided
into 3 gene centers... The primary soybean germ plasm
pool, or in Vavilov’s terminology the primary gene center, is
China... From the first century A.D. to the Age of Discovery,
soybeans were introduced and land races were established in
Japan, southeast Asia and southcentral Asia. These regions
comprise the secondary gene center for soybeans... Japan
should be considered a very active microcenter and northern
India a passive microcenter within the secondary gene center.
“Central India may be considered a recent or tertiary
soybean gene center. Another tertiary soybean gene center
lies within the U.S., while incipient tertiary centers are being
established in South America and Europe. The concept of
primary, secondary and tertiary gene centers unifies time
and space relationships with regard to the establishment of
new genetic combinations within the species Glycine max.
Another feature of this concept is that it establishes the
foundation upon which future soybean germ plasm collection
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activities can be built.”
Maps show: (Fig. 2) Korean peninsula divided into 9
districts showing geographical distribution of the Ti and
Sp1 alleles. (Fig. 3) India, with 5 states outlined, showing
geographical distribution of the Ti and Sp1 alleles. One
of these states is Assam, which includes the Brahmaputra
valley; soybeans analyzed from Assam contain no Ti or Sp1
alleles.
Paths of dissemination: Fig. 4 is a map on which an
oval shows the primary gene center of the soybean in China
(in the region about 200 miles southeast of Beijing, in the
moist, low plain near the mouth of the Yellow River (Huang
Ho), largely in Hopei and Shantung provinces) and on which
arrows show the paths of dissemination of the soybean from
China to Korea, Japan, Taiwan, Malaysia, Indonesia, and
northern India. “By combining seed protein banding data
with available historical, agronomic and biogeographical
literature, we have developed an hypothesis concerning the
dissemination of the soybean from China to other countries
or regions in Asia. Our ideas are based partly upon the
pioneering studies of Nagata (1960) who primarily used
physiological and morphological data to point out possible
paths of dissemination of the soybean from China to the rest
of the world.
“In developing our hypothesis, we identified 2 major
restraints concerning the movement of the soybean. One
restraint is physiological and the other historical. Due to the
fact that soybeans are day-length sensitive, they spread much
easier between east and west than between north and south.
Hence, in the dissemination process quantum latitudinal
movement of soybeans was rare. Secondly, according to Ho
(1975) the movement of the soybean out of its home area did
not take place until the seventh century B.C. Therefore, the
trial and error period for the adaptation, establishment and
dissemination of the soybean from region to region within
China, after the seventh century B.C., proceeded at a very
rapid rate. As part of the dissemination process, the soybean
was moved back and forth across geographical areas as a
consequence of wars, famine, emigration, immigration, and
trade.
“The suggested paths of dissemination of the soybean
from the eastern half of north China to other regions in Asia
are shown in Figure 4 and summarized below:
“1. The soybeans grown in the U.S.S.R. (Asia) came
from northeast China.
“2. The soybeans grown in Korea are derived from
2 or 3 possible sources–northeast China, north China and
the introduction of soybeans from Japan especially in the
southern part of Korea.
“3. The soybeans grown in Japan were derived from
the intermingling of 2 possible sources of germ plasm–
Korea and central China. Most probably the first points of
contact were in Kyushu and then the soybean slowly moved
northward to Hokkaido. In addition the soybean moved

southward from Kyushu to the Ryukyu Islands where they
came in contact with the soybeans moving northward from
Taiwan.
“4. The soybeans originally grown in Taiwan came from
coastal China.
“5. The germ plasm source for the soybeans grown in
southeast Asia is central and south China.
“6. The soybeans grown in the northern half of the IndoPakistan subcontinent came from central China.
“7. The soybeans grown in central India were introduced
from Japan, south China and southeast Asia.” Address: 1.
Prof. of Plant Genetics, Dep. of Agronomy, Univ. of Illinois;
2. Assoc. Prof., Faculty of Agriculture, Iwate Univ., Morioka,
Iwate, Japan.
2320. Shanmugasundaram, Subramaniam. 1981. Varietal
differences and genetic behavior for the photoperiodic
responses in soybeans. Bulletin of the Institute of Tropical
Agriculture, Kyushu Univ. Japan 4:1-61. March. [61 ref]
• Summary: Based on his PhD thesis submitted to Kyushu
Univ. Contents: Introduction. Varietal screening for less
photoperiod sensitivity on flowering: General environment
of AVRDC, screening under the 16-hour photoperiod
treatment in spring season sowing, screening under the
16-hour photoperiod treatment in autumn season sowing.
Photoperiodic response and temperature response on
flowering of less photo-sensitive varieties: The flowering
response of varieties to seasonal variation, relationship
between earliness and photoperiodic response on flowering
of less photo-sensitive varieties, effects of temperature and
photoperiod on the flowering of some less photo-sensitive
soybean varieties.
Influence of photoperiod on several characteristics and
yield in less photo-sensitive varieties: Changes of several
characters and yield in several growing seasons, varietal
differences for the photoperiodic response on several
characters and yield. Breeding behavior of the photoperiodic
response on flowering and its relationship to the time of
flowering: Developing a screening technique to identify the
photoperiodic response of each F2 plant, the genetic behavior
of the photoperiodic response on flowering, its relationship
to the time of flowering and its relevance in breeding tropicadapted soybeans, inheritance of time to flowering under
short day conditions. Summary and conclusions. Contains
27 tables and 31 figures. Address: Assoc. Plant Breeder and
Legume program leader, The Asian Vegetable Research and
Development Center (AVRDC), Shanhua, Tainan, Taiwan.
2321. Smith, Keith J. 1981. Improving the quality of the
soybean. J. of the American Oil Chemists’ Society 58(3):13539. March. [54 ref]
• Summary: Contents: Abstract. Introduction. Protein and
oil: Protein quality (amino acid composition), oil quality
(fatty acid composition). Carbohydrates. Antinutritional
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factors.
To date, soybean breeders have concentrated their
research efforts on increasing the quantity rather than the
quality of soybeans. This paper summarizes genetic research
currently underway to improve the quality of soybeans and/
or soybean products. It also examines the research efforts to
improve the soybean’s fatty acid composition, change the
amino acid profile, and reduce antinutritional factors.
Soybeans are a unique oilseed crop whose value is
based on both oil and protein. There is a well-known inverse
relationship between oil and protein in the seed. Yet the
total percentage of oil plus protein also varies widely, from
about 58% to 65.5%. Protein quality is measured by amino
acid composition, and oil quality by fatty acid composition.
Linolenic acid has been blamed for most of soy oil’s flavor,
stability, and odor problems. Among carbohydrates, the
oligosaccharides raffinose and stachyose are known to cause
flatulence. Table I gives the oil and protein composition of
soybean varieties from maturity groups 00 to VIII. Table
II gives the methionine plus cysteine content of various
glycinin (11S) polypeptide subunits. Fig. 1, a graph, shows
the oil vs. protein content of 144 soybean strains, groups
V-VII; it shows the inverse relationship between oil and
protein. Fig. 2, a bar chart, shows the total oil and protein of
204 soybean strains, groups II-VII; there are 3 totals between
63 and 65.5. The mean appears to be about 61.
A photo shows Keith Smith. Address: American
Soybean Assoc., 777 Craig Rd., P.O. Box 27300, St. Louis,
Missouri 63141.
2322. Woodstock, Lowell W.; Taylorson, Raymond B.
1981. Ethanol and acetaldehyde in imbibing soybean seed
in relation to deterioration. Plant Physiology 67(3):424-28.
March. [24 ref]
• Summary: “Deterioration as evidenced by decline in
germination or seedling growth of soybean (cv. Essex)
seeds during accelerated aging treatments at 41 C and
100% relative humidity is accompanied by increased
levels of acetaldehyde and ethanol in imbibing embryonic
axes and seeds. These increases become more pronounced
with duration of the aging treatment. A similar inverse
relationship between levels of acetaldehyde and ethanol and
deterioration was observed when seeds were ‘naturally’ aged
for several years.” Address: Seed Research Laboratory, Plant
Genetics and Germplasm Institute, United States Department
of Agriculture, Science and Education Administration,
Beltsville, Maryland 20705 and Weed Science Laboratory,....
2323. Buttery, B.R.; Buzzell, R.I.; Findlay, W.I. 1981.
Relationships among photosynthetic rate, bean yield
and other characters in field-grown cultivars of soybean.
Canadian J. of Plant Science 61(2):191-98. April. [22 ref.
Eng; fre]
• Summary: “In field experiments with young spaced plants

of 48 soybean... cultivars, derived lines tended to have
higher rates of apparent photosynthesis (PA) than their parent
lines over 3 yr of tests using the 14CO2 method...” Address:
Research Station, Agriculture Canada, Harrow, Ontario, N0R
1G0.
2324. Holowach, Lorraine P.; Madison, J.T.; Thompson,
J.F. 1981. Influence of exogenous sulfate and exogenous
L-methionine on growth and storage protein composition
of soybean cotyledons grown in vitro (Abstract). Plant
Physiology 67(4, Suppl.):92. April.
• Summary: Abst. #519. “Immature soybean cotyledons
were grown in vitro (Madison, et al, Ann. Bot. 41:29(1977))
to study the effects of high and low levels of exogenous
sulfate and of exogenous L-methionine on growth and
storage protein composition. No sulfate or low sulfate
(0.0167mM) reduced fresh weight by up to 55% and protein
on a fresh weight basis by as much as 66% compared to
adequate sulfate (1.5mM). 7.5 mM sulfate did not increase
growth or protein content compared to controls in 1.5mM
sulfate. Varying the level of sulfate did not alter the subunit
composition of the 7S and 11S fractions. Adding 4.2 mM
L-methionine to media at any sulfate level increased
growth and also increased the protein methionine of the
7S and 11S fractions compared to cotyledons at the same
sulfate level lacking met. Met [Methionine] in the medium
consistently decreased the level of the beta subunit of the 7S
fraction. Amino acid analysis indicates that $ does contain
methionine. In vitro translation of total poly A+ mRNA from
cotyledons fed met showed depressed synthesis of 8, which
may mean that methionine regulates expression of B at the
level of translation or transcription.
Note: On the title page of this supplement: “Program
and Abstract of Papers for the Annual Meeting of the
American Society of Plant Physiologists and the Canadian
Society of Plant Physiologists at Laval University, Ste.-Foy,
Quebec, Canada, June 14-18, 1981.” Address: U.S. Plant,
Soil and Nutrition Lab., Agricultural Research Service,
USDA and Div. of Biological Sciences, Cornell Univ.,
Ithaca, New York 14853.
2325. Legocki, Roman P.; Verma, Desh Pal S. 1981. Isolation
of nodulins from root nodules of soybean (Abstract). Plant
Physiology 67(4, Suppl.):92. April.
• Summary: Abst. #517. “Using a ‘nodule-specific’
antiserum and in vitro translation products of plant
polysomes from soybean root nodules, we have identified
a group of approximately 20 ‘nodule-specific’ host proteins
(nodulins) other than leghaemoglobin. These proteins do not
accumulate in large quantities in nodules. We report here a
procedure for isolation of milligram amounts of nodulins
by means of the Sevag method, ammonium sulphate
fractionation and Bio-Gel (polyacrylamide) filtration.
Following adsorbtion to a Sepharose-protein A column
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containing antibodies against proteins from uninfected roots
these proteins were analysed by two-dimensional PAGE.
Purity of the ‘nodule-specific’ proteins was examined by
multiple Immunoreplica technique using antisera against
root, nodule and bacterial proteins. Nodulins were found to
be highly hydrophilic proteins of low molecular size.
“Further characterization of structure and role of
nodulins may lead to our better understanding of symbiotic
nitrogen fixation.”
Note: On the title page of this supplement: “Program
and Abstract of Papers for the Annual Meeting of the
American Society of Plant Physiologists and the Canadian
Society of Plant Physiologists at Laval University, Ste.Foy, Quebec, Canada, June 14-18, 1981.” Address: Dep. of
Biology, McGill Univ., Montreal, Canada.
2326. Specht, James E. 1981. The contribution of genetic
technology to improved soybean productivity. Soybean News
(NSCIC) 32(3):1-2, 4. April.
• Summary: “The gradual increase in soybean yields in the
United States has been due to a combination of improved
varieties (i.e., genetic technology) and improved production
technology. Both of these technological inputs have
contributed to the gradual increase in soybean productivity
in the United States. The magnitude of the contribution of
improved varieties relative to the contribution of all other
technological inputs into soybean production is difficult
to ascertain. The difficulty resides in the fact that varietal
improvement reflects a gain in genetic yield potential
whereas improvement in production agronomy reflects a
gain in environmental yield potential. Consequently, one
cannot measure either one independently of the other. In
addition, the situation is further complicated by genotype x
environment interaction for yield, which implies that genetic
yield potential depends upon the specific environment it was
measured in.
“Some idea of the magnitude of the increased yield
potential attributable to soybean breeding efforts can be
gained, however, by a comparison of recent variety releases
with older ones, if one recognizes that such estimates depend
on the testing environment. Several such comparisons have
been made. Virgil Luedders of Missouri observed that recent
varieties (post-1960 release) yielded 45% more than older
varieties (pre-1940 release). H.R. Boerma of Georgia noted
that in the southeastern U.S., genetic technology inputs
increased yield potential an average of 0.7% per year. J.R.
Wilcox and colleagues of Purdue observed that in the north
central U.S., recent variety releases yielded 25% more than
varieties released 50 years previously, when tested over a
broad array of environments.
“Recently I and my colleague Jim Williams evaluated
the yield potential of 240 experiment station varieties of
maturity groups 00 to IV that had been released over the last
75 years. The trials were conducted over 3 years on a highly

fertile site with optimum management conditions including
irrigation to eliminate any possibility of water stress. The
average yield level in these trials was 2700 kg/ha (40 bu/
ac) indicating a productive environment for expression of
yield potential. A regression analysis of variety yield versus
year of variety release revealed that genetic technology had
improved the genetic yield potential approximately 18.5
kg/ha (0.27 bu/ac) per year. A similar regression analysis
involving USDA soybean yield estimates for the U.S. since
1924 indicated that soybean yields had increased about 21.0
kg/ha (0.31 bu/ac) per year; an annual yield gain attributable
to the gradual input of all technological innovations into
soybean production (e.g., improved varieties, better weed
control, narrower row spacings, more optimum planting
dates, etc.). A similar estimate only for states where maturity
group IV or earlier varieties are grown was slightly higher,
23.2 kg/ha (0.35 bu/ac).
“A direct comparison of the annual yield gain
attributable to genetic technology with annual yield gain
attributable to all technology would be misleading since the
former was measured under optimum experiment station
conditions (thus reflecting genetic potential) whereas the
latter was estimated from average on-farm conditions (thus
reflecting both genetic and environmental constraints).
However, the figures are useful in that they show that varietal
improvement had increased soybean yield potential at an
annual rate equivalent to 80% of the annual rate of realized
yield associated with all technological inputs into U.S.
soybean production.
“While this paints a rosy picture for soybean breeding,
there are a few `thorns in the garden.’ For one thing, the
regression analysis is distorted by the low yield potential of
the very old varieties. Figure 1 illustrates this point very well
with our data for varieties of maturity group II. Note that the
trend line for annual yield gains due to genetic technology
over the entire period is 30.6 kg/ha (0.46 bu/ac).
“Prior to about 1945, varieties were simply releases of
plant introductions from the Orient or pure line selections
from these. The calculated annual yield gain trend for pre1945 releases was near zero. After 1945, varieties were
developed from selection within the progenies derived
from the planned hybridization of two parents. In effect, the
implementation of a different breeding procedure caused a
‘quantum jump’ in yield potential of about 36% for maturity
group II varieties based on 1943 trend line intercepts (Figure
1). The average ‘quantum jump’ considering all maturity
groups was 25%! In effect, this boost in yield potential for
soybean genotypes calls to mind that occurring with the
development of hybrid corn.
“However, the disconcerting feature of Figure 1 is the
slower annual gain in yield potential since 1943; 4.3 kg/ha
(0.06 bu/ac) for maturity group II varieties, 12.5 kg/ha (0.19
bu/ac) when averaged over all maturity groups. Thus, in the
last 40 years, the annual increases in genetic yield potential
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have been only 50% of the annual increases in average onfarm realized yield in the north central U.S. This is not to say
that soybean breeding efforts during the last 40 years were
inadequate. On the contrary, the average level of on-farm
agronomic practices (coupled, of course, with environmental
restraints beyond the control of the farmer) does not as yet
permit the full expression of the yield potential of recent
variety releases. In other words, implementation of improved
agronomic practices on the farm lags far behind the almost
immediate adoption by producers of new varieties as these
are released.
“It is important, however, that soybean breeders
maintain or raise the annual gains due to enhanced genetic
potential, if only to prepare for the certainty of eventual
adoption of improved agronomic inputs. How can this be
achieved? In my opinion, there are two approaches. Figure
1 illustrates that the ‘quantum jump’ in soybean genetic
yield potential was due to the implementation of a new
(at that time) breeding method involving hybridization of
two parents followed by selection in subsequent selfed
generations. The advantage of this breeding procedure over
the old method can be attributed to the enhancement in
genetic variability (arising from the `pooling’ of parental
genes) and to the opportunity to allow recombination of
desirable genes of both parents into a single genotype. In
this respect, soybean breeders may do well to consider using
breeding methods which maximize genetic variability and
recombination. A breeding method that has been recognized
for years as having definite advantages over traditional
breeding methods is recurrent selection within random-mated
soybean populations. Some of these advantages are (1)
optimization of genetic variability because of the inclusion
of many parents of diverse origin in the base population, (2)
optimization of the opportunities for recombination because
of the minimal amount of selfing between mating and
selection, and (3) optimizing the effectiveness of selection
in increasing the frequency of desired genes and gene
combinations because of the cumulative effects of repetitive
selection. While there are some difficulties associated with
making the large numbers of crosses required for intermating
and in testing small numbers of progenies from single plants,
these can probably be overcome with the use of genetic
male sterility and hill plot testing. In my opinion, recurrent
selection methods offer much with respect to improving
soybean genetic yield potential.
“Another area worthy of exploitation by soybean
breeders is genotype by environment interaction. The
existence of these interactions implies that certain production
environments or management systems may require
particular genotypes whose phenotypic features provide the
necessary prerequisite to maximal exploitation of the yield
potential available in these environments. An example is the
development of determinate varieties in the north central
U.S. for productive environments where lodging may prevent

full expression of the yield potential of traditional varieties.
Too often, the decision to release a new variety is based on
its average yield performance, relative to check varieties,
across the broad array of regional test environments. Such
decisions should also include attention to specific yield
performance if genotype x environment interaction is to be
effectively exploited.
“In summary, I believe that the contribution of genetic
technology to enhanced soybean productivity has been
and will continue to be a substantial one. Although much
of the genetic yield potential of current improved varieties
is unrealized due to a lag in the adoption of improved
production practices on the farm, In my view, the gradual
improvement in soybean yields as production constraints are
removed is inevitable. The higher the yield level becomes,
the greater will be the proportional contribution of improved
varieties to even further yield increases.”
A small portrait photo shows James E. Specht. Address:
Assoc. Prof. of Agronomy, Univ. of Nebraska, Lincoln,
Nebraska 68583.
2327. IRAT. 1981. L’enracinement du Soja au Sénégal [The
development of roots by soybean plants in Senegal]. IRAT
Info No. 13. Jan/June. [Fre]*
2328. Ndimande, B.N.; Wien, H.C.; Kueneman, E.A. 1981.
Soybean seed deterioration in the tropics. I. The role of
physiological factors and fungal pathogens. Field Crops
Research (Amsterdam) 4(2):113-21. June. [20 ref]
• Summary: Seed deterioration is a major problem in
the tropics, with several pathogens leading to the losses.
Physiologic factors are also key contributors. Address: IITA,
P.M.B. 5320, Ibadan, Nigeria.
2329. Garland, M.L.; Fehr, W.R. 1981. Selection for
agronomic characters in hill and row plots of soybeans. Crop
Science 21(4):591-95. July/Aug. [16 ref]
• Summary: “The objectives of the study were to compare
the effectiveness of selection for yield, maturity, height,
lodging, and phenotypic score among soybean... lines in hill
and row plots and in random and nonrandom complete-block
designs.”
Such evaluation “can be done effectively in single,
unbordered hill plots. The primary advantages of hills
are the reduction in number of years required for cultivar
development or recurrent selection by eliminating the need
for a generation of seed increase and the larger number of
lines that can be tested. Nonrandom hill plots may be useful
in cases where randomization prevents efficient discarding of
inferior lines before harvest.” Address: Dep. of Agronomy,
Iowa State Univ., Ames, IA 50011.
2330. Shurtleff, William; Aoyagi, Akiko. 1981. The soybean
plant: Botany, nomenclature, taxonomy, domestication,
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and dissemination history. Soyfoods Center, P.O. Box 234,
Lafayette, CA 94549. 62 p. Aug. 28. Unpublished typescript.
Available online at www.soyinfocenter.com.
• Summary: www.soyinfocenter.com/HSS/soybean_plant1.
php
A comprehensive history of the subject. Contents:
Botany and plant characteristics. Etymology of the term
“soybean” and vernacular names. History of soybean
taxonomy and scientific names. Origin, domestication, and
dissemination in Asia. Individual country dissemination in
Asia. Dissemination to Europe. Dissemination in the U.S.
South America and Africa. Address: Lafayette, California.
Phone: 415-283-2991.
2331. Bernard, Richard L. 1981. Soybean breeding
(Interview). Conducted by William Shurtleff of Soyfoods
Center, Sept. 2. 5 p. transcript.
• Summary: The change from selection to hybridization in
soybeans started with the variety Lincoln in about 1940; it
was released in 1943. It started many years earlier with other
crops. The variety Chief may have been the first to come
out of the public breeding program. Soybeans are not true
hybrids in the sense that corn varieties are hybrids. Corn is
a naturally cross pollinated plant whereas soybeans are selfpollinating. Address: Curator, USDA Germplasm Collection,
Univ. of Illinois.
2332. Boote, K.J. 1981. Response of soybeans in different
maturity groups to March planting in southern USA.
Agronomy Journal 73(5):854-59. Sept/Oct. [15 ref]
• Summary: “With selection of soybean cultivars of
appropriate maturity, March planting with maturation by
late June was feasible at this latitude, thus permitting double
cropping of soybeans after soybeans.” Address: Assoc. Prof.
of Agronomy, Agronomy Dep., Univ. of Florida, Gainesville,
FL 32611.
2333. Nissly, C.R.; Bernard, R.L.; Hittle, C.N. 1981.
Variation in photoperiod sensitivity for time of flowering and
maturity among soybean strains of maturity group III. Crop
Science 21(6):833-36. Sept/Oct. [9 ref]
• Summary: “When the experiment was terminated at 235
days, 285 of the 439 strains were mature and 7 had matured
within 170 days. Thirty-two strains were identified as having
low photoperiod sensitivity, and one of these, PI 317.334B
(‘Kitami Shiro’), exhibited almost no photoperiod sensitivity
at either location” [Urbana, Illinois; or Puerto Rico].
Address: 1. Research Asst., Dep. of Agronomy; 2. Research
Geneticist, USDA SEA-AR and Univ. of Illinois, Urbana, IL
61801; 3. Prof. Plant Breeding, Dep. of Agronomy, INTSOY,
Univ. of Illinois, Urbana, IL 61801.
2334. Taufa, Kilioni. 1981. Study of soyabean varieties,
plant growth and yield: A report submitted as part of the

requirement for the Diploma in Tropical Agriculture of the
South Pacific Regional College of Tropical Agriculture. BA
thesis. 20 p. Oct.
• Summary: Contents: Introduction. General (From Hinson
& Hartwig, 1977): Germination, plant growth, genetic
traits of agronomic importance. Climatic requirements:
Temperature, photoperiod response, soil, soil management,
water and water management. Experiment: Preparation
of the trial area, experimental design, plant spacing,
planting date, design. Growth and development: Population
density, varieties, culture, pest management, weeds,
disease, insects (esp. Southern green stinkbug–Nezara
viridula (L.)), harvesting. Result. Discussion. Conclusion.
Acknowledgement.
Soybean yields were found to be dependent on both the
seed number and seed size. “As part of the three years course
for Tropical Agriculture Diploma, students are required
to spend their final year in operating a trial on a particular
topic in Agriculture and to write and to write and submit a
report... My supervisor for the whole [soyabean] trial was Dr.
Fernando.
“Because of its high protein and oil content for stock
and human nutrition, the possible importance of soyabean
(Glycine max) for the South Pacific Territory was discussed
by Dr. Fernando in 1979.
“Seeds were brought from Sri Lanka by Dr. Fernando,
Senior Lecturer in Crop Production at the University of
the South Pacific, in April 1979. The seeds were of three
varieties: Bragg (large seed), PB-1 (Medium sized seed and
light hilum), and Improved Pelican (small seed and dark
hilum)... These varieties have been grown very successfully
at the University of the South Pacific School of Agriculture
at Alafua in 1979 and experiments are being continued.”
The author planted his first seeds on 14 April 1981, and
again on 28 April. Photos show the plots. “The first harvest
was done on 18 July (88 days from emergence) and the
second was done on 20 July (90 days from germination). The
final harvest was on 3 August (86 days from emergence).” A
table (p. 14) shows the mean weights of seed per plant and
mean weights of 100 seeds, for all 3 varieties. The average
weight of Improved Pelican seeds was about 11.5 gm
(small), PB-1 15.5 gm, and Bragg 19 gm (large). Address:
Alafua School of Agriculture, Western Samoa.
2335. Hartwig, Edgar E. 1981. Re: History of soybeans in
North Carolina. Letter to William Shurtleff at Soyfoods
Center, Nov. 2. 4 p. Typed, with signature on letterhead.
• Summary: “In my early years working with soybeans in
North Carolina, I traveled with Mr. W.J. Morse on several
occasions and he gave me some of the early history of
soybeans. One of the men that he mentioned as having an
active interest in soybeans in North Carolina was Mr. Fred
P. Latham of Belhaven, North Carolina. I wonder if you
have the proceedings of the American Soybean Association
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Volume 1 covering the years 1925-1925. Mr. Latham
was active in the early years of the American Soybean
Association. In a report he made in 1924, he indicated that
he had been growing soybeans for 16 years. He credited W.J.
Morse with activating his interest in soybeans. I believe that
it was in the fall of 1950, the last years before Mr. Morse
retired, we visited Mr. Latham on his farm in eastern North
Carolina. He also had retired from active farming. They
enjoyed their visit discussing some of the early years with
soybeans. I believe members of the Latham family are still
farming and growing soybeans in eastern North Carolina.
“C.B. Williams was head of the Agronomy Department
at North Carolina State for many years. He had retired at the
time I began my work in 1943, but I did have an opportunity
to visit with him. He also had worked closely with Mr.
Morse in getting soybeans established in North Carolina.
Mr. Williams recognized the importance of nodulation on
soybeans for successful production and developed a system
of collecting soil from fields that had grown well-nodulated
soybeans to distribute to areas where soybeans were to be
planted the first time.
“As to why soybeans became established in North
Carolina more successfully than other areas is a matter
of several assumptions. I have assumed that some of the
early ships bringing material from Japan had used soybean
material for ballast in their ships, and in docking at ports
such as Norfolk, Virginia or Elizabeth City, North Carolina
had thrown out some of the soybeans that were in excess,
and types such as Mammoth Yellow were at a maturity that
they were well adapted for northeastern North Carolina
and fit into their agricultural practices. I could furnish you
a picture of some of the early harvesters should you desire
this. As to other pioneers in the field, I do not have any other
names to suggest.
“Fertility studies were conducted with soybeans in
North Carolina in the late 1920’s. Dr. S.G. Lehman, who I
have discussed somewhat in the plant pathology work, was
a pioneer in the identification and describing of the diseases
of soybeans. It seems that in introducing soybeans from
the Orient, they introduced most of the diseases attacking
the crop in China and Japan. Although soybeans were a
relatively unimportant crop in the state, Dr. Lehman and
some of his co-workers described many of the diseases that
we now recognize as important problems in the production
of soybeans. He gave me considerable assistance in learning
to identify diseases and recognizing the type of injury which
they caused.
“There was no active breeding program concerning
soybeans in the area until I began my work in 1943. The
varieties Mammoth Yellow, Tokyo, Haberlandt, and Woods
Yellow were major varieties. I am assuming that Mammoth
Yellow was distributed as coming from ballast material
on ships. Tokyo was introduced from Japan in the early
1900’s, and Haberlandt was from Korea. I assume that Mr.

Morse distributed seed of these to people like Mr. Latham.
Woods Yellow was selected as a somewhat later maturing
type out of the Mammoth Yellow variety. Later such black
seeded types as Laredo and Otootan were introduced for hay
production. It was the enthusiasm of people like W.J. Morse,
C.B. Williams, and Fred Latham, who, in their contacts with
farmers, suggested to them that they might try this crop.
There was little attention from extension agronomists or
research projects to stimulate the interest in the crop.
“In 1979 the Soybean Processors Association in their
annual meeting recognized the 50 years of existence as an
organization. The Soybean Crop Advisory Committee in
their meeting recognized some of the achievements and
activities over the period. I am enclosing a copy of the report
which was prepared from this meeting.
“I assume that you have read my chapter on varietal
development, but I am enclosing a reprint. I am returning the
copies you sent with some modifications and additions.
“I would not classify Mr. W.J. Morse as a soybean
breeder, but rather as an agriculturist. He began working for
the Department of Agriculture in 1907. Research was at a
different level from what it is now. His job was to become
familiar with the crop and see where it might fit into the
U.S. Agricultural system. In the early years, the crop was
considered as a forage crop and also a crop that might be
grown and turned under for soil improvement. But I believe
it was in the mid-1920’s that Piper and Morse stated that the
future of soybeans was not as a forage crop, but as a seed
crop for producing protein and oil. Since this was a crop in
which very few were interested, the early introductions from
Asia were grown and looked at and if they did not appear
to fit an immediate purpose there was no need or really no
system to retain them. You may have mentioned it, but I
might repeat that it was not until 1941 that as many acres
of soybeans in the U.S. were harvested for seed as were
grown for forage. With regard to introductions, we received
a large number from Japan after World War II when the U.S.
Army of Occupation took over. I believe that essentially all
soybean introductions received into the U.S. since 1948 are
in our collection and many of their characteristics described
and many have been utilized in the breeding program.
“From a machinery standpoint, the development of
the combine harvester was a very important aspect in the
development of soybean production. The grain binder and
stationary thresher was used for small grains and was not
as satisfactory for harvesting soybeans. The early beaters
developed for harvesting in North Carolina were rather
unsatisfactory. This was pulled through the field by a pair of
mules and the beaters hit the soybean plants and a portion of
the beans went into the box behind the beaters and many of
the beans flew into the air in all directions. These beaters, to
be moderately successful, required varieties that shattered
rather readily. Thus, the beans had to be harvested at a very
short time after they were ready to be harvested. If they
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were not harvested at this time, then seed would be lost to
shattering. The Asiatic farmer usually grew only a very small
area with soybeans. He cut these by hand and tramped them
out. This system was certainly not satisfactory for American
agriculture.
“In South Carolina Mr. John Wannamaker became
interested in soybean production in the early 1930’s. I visited
his farm in 1943. He was growing some material that traced
to introductions from Nanking, China that were distributed
by W.J. Morse. Mr. Wannamaker was very enthusiastic about
soybeans and made selections from the original seed lots that
he received and distributed them to farmers in his area. His
activities and enthusiasm helped get soybeans started in the
coastal plains area of South Carolina.
“W.J. Morse seemed to have an ability to hear of
anyone that was interested somewhat in soybeans. Professor
Tracy had retired as director of the Mississippi Agricultural
Experiment Station and had a home on the Mississippi Gulf
Coast. Mr. Morse regularly sent him new introductions
that were received from parts of Asia that he thought might
be suitable for that latitude. One of the introductions that
Professor Tracy thought well suited for the area, he gave
the name Biloxi. For many years the variety Biloxi was
widely grown for interplanting with corn in the southeast,
and then grazed after corn was harvested by turning hogs or
cattle into the fields. One of the major interests with regard
to the variety Biloxi is that this variety was used by Garner
and Allard in their studies in describing photoperiodism in
plants. Plant physiologists all over the world still request
seed of Biloxi from us when they are conducting photoperiod
experiments.
“I trust these comments will be of help to you. Should
you have further questions which you think I might be able
to give you assistance, feel free to contact me at any time.
“Sincerely,...” Address: Research Agronomist,
Soybean Production Research, Delta Station, P.O. Box 196,
Stoneville, Mississippi 38776.
2336. Strayer, George M. 1981. Re: Pioneers in introducing
and producing soybeans in America, and in starting the
American Soybean Association. Letter to William Shurtleff
at Soyfoods Center, Nov. 5. 2 p. Typed, with signature on
letterhead.
• Summary: Concerning Iowa: The first work was done
by H.D. Hughes, who was the head of the Department of
Farm Crops and Soils. He was assisted by F. Scott Wilkins
and E.S. Dyas, both of whom were extension agronomists.
Martin G. Weiss came on the scene in Iowa at the same time
that Probst started in Indiana and Williams started in Illinois,
all of them part-time USDA and part-time local experiment
station employees specializing in soybean breeding work.
“Martin Weiss is a highly skilled plant breeder, a geneticist
and a mathematician. He is responsible for the development
of the cross-pollination and back-crossing techniques which

have become the basis of practically all soybean breeding
being done in the United States, and practically every
soybean variety which has been developed since about 1940
has been developed through the techniques developed by
Weiss...
“There are a number of theories on why so many men
gave so generously of their time and effort to support the
introduction of soybeans into the United States, and to
support ASA. Certainly W.J. Morse was a part of the reason.
Many changes were taking place in agriculture, and the
people in the land grant colleges were looking for new crops
and new uses for crops. The whole face of agriculture was
changing from the use of horses and the large consumption
of oats, corn and hay by those horses to the use of tractors
and other petroleum fueled mechanical units. This meant
we had to find new crops to grow on the acreages no longer
needed for oat and hay production.
“For some reason the soybean crop always had a kind
of halo around it, placed there by men such as Henry Ford,
W.K. Kellogg, I.C. Bradley, W.J. Morse, ‘Soybean’ Johnson
and others who had access to the news media and who
used it. This was an era when farmers were still expanding
acreage, looking for new crops and new uses for those crops
and the publicity given to soybeans was being well received
by farmers.
“This was also an era when the farmer was leaving
the typified hayseed status and becoming a businessman.
Extension work through Farm Bureau and the local extension
offices was becoming an important factor in decision-making
among farmers. Extension agronomists and other persons
were listened to. Farm cooperatives, farmers elevators, and
other organizations of farmers were coming into prominence.
It was an era of growth in information and growth in
knowledge in the field of agriculture, and soybeans lent
themselves to the enchantry of the period.
“You’re having a tough time getting anyone to do
comparable work for the Soycrafters Association because
you are dealing with an entirely different type of people.
Most of them are small entrepreneurs who have come out of
an era when it was every man for himself and the Devil take
the hinder-most. The farmers whom we were considering
were looking for ways to cooperate and work with their
neighbors. When someone got sick the neighbors did the
field work. When a new barn was to be built there was a
barn-raising held. Contrast this with the people in the cities,
where most of your tofu plants are located, and where no
one stepped in to help his neighbor. This is still pretty much
true. You are talking about people with two very different
philosophies, two quite different backgrounds. When a
farmer gets sick, even today, his neighbors do his chores for
him. When a small business operator gets sick he closes the
doors and no one particularly cares.” Address: President,
Agricultural Exports, Inc., P.O. Box 266, Hudson, Iowa
50643. Phone: 319-988-4593.
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2337. Hume, D.J.; Jackson, Ann K.H. 1981. Pod formation
in soybeans at low temperatures. Crop Science 21(6):933-37.
Nov/Dec. [16 ref]
• Summary: Most soybean varieties stop forming pods at
temperatures around 15ºC. This is a report of cold-tolerant
varieties that form pods at day / night temperatures as low
as 15 / 9ºC. Address: 1. Prof., Crop Science Dep., Univ.
of Guelph, Guelph, ONT, Canada; 2. Science technician,
Plant Physiology Div., Dep. of SIR, Palmerston North, New
Zealand.
2338. Howell, Robert W. 1981. Re: Early soybean
physiologists in the United States. Letter to William Shurtleff
at Soyfoods Center, Dec. 23. 3 p. Typed, without signature.
• Summary: “Dr. W.L. Burlison was an ardent proponent
of the importance of plant physiology to agronomy. In his
presidential address to the American Society of Agronomy
on November 17, 1927, he said, ‘Agronomy... must ally
itself with those sciences that are basic in the interpretation
of plant function, namely, chemistry, physics, and plant
physiology.’ It is no coincidence that the USDA soybean
program included a physiologist from the earliest days
and that physiology has had a prominence in Agronomy at
Illinois that is unequalled.
“E.B. Earley was the first physiologist in the U.S.
Regional Soybean Laboratory at Illinois and Missouri from
1937 to 1944, when he joined the University of Illinois
faculty. He published a paper on soybean reaction to zinc,
and one on temperature of the root environment of soybeans.
Most of his career was devoted to corn research.
“D.F. McAlister came to the Laboratory after World War
II. His research concerned mineral nutrition, and the effects
of defoliation. He left in 1951 to become a department head
at the University of Arizona, later serving that University
in Brazil and as assistant director of the Agricultural
Experiment Station.
“I succeeded McAlister in 1952, continuing until I
became investigations leader for USDA soybean work in
1964. My research concerned phosphorus nutrition and
metabolism, oil synthesis, and effects of temperature on seed
development and composition.
Several physiologists joined the USDA during the
1960s: R.E. Johnson, mineral nutrition; R.W. Rinne, oil
metabolism; W.L. Ogren, photosynthesis; J.E. Harper,
mineral nutrition; C. Sloger, nitrogen fixation; C.F. Tester,
biochemistry.
“Soybeans have been the object of study by many
physiologists whose primary focus was not the plant itself,
but some key physiological processes. This trend goes
back to the work of Garner and Allard, who identified
photoperiodism in the 1910s, and to Borthwick, Parker,
and Hendricks in the 1930s and later H.J. Evans, now
at Oregon State, and R.H. Burris, of Wisconsin, made

basic contributions to understanding of nitrogen fixation
in soybeans. The system of Maturity Groups (00 to X) to
identify the areas of adaptation of soybean varieties is based
directly on the photoperiod research of Borthwick and
Parker. Borthwick is one of the few agricultural scientists
to be elected to membership in the National Academy of
Sciences, a recognition of the fundamental significance of his
work in photoperiodism, much of it with ‘Biloxi’ Soybeans.
J.C. Brown, and C. Foy wrote several outstanding papers
on comparative iron metabolism, based on a variant type
reported about 1940 by M.G. Weiss.
“Soybeans were ‘discovered’ by crop physiologists
around 1960. R.M. Shibles began work on soybeans at
Iowa State about that time, as did I.C. Anderson. A student
of Anderson’s was J.W. Tanner, who went to Canada
and pioneered soybean physiology at Guelph” (Ontario
province).
“Very recently, research groups concentrating on
photosynthesis have been created, building on the foundation
established in soybeans. Work in soybeans provided the
basis for understanding photorespiration, virtual absence
of which in maize and a few other grasses, explains much
of the difference in potential productivity of soybeans and
corn. Photorespiration is ‘like a leak’ by which much of the
product of photosynthesis is lost before storage.
“Likewise, much of the theory of symbiotic nitrogen
fixation has evolved from work on soybeans. In another
instance, differences in expression of physiologic traits (iron
and phosphorus nutrition) have been shown to be controlled
in some cases by very simple and traditional genetic
mechanisms.
“With the growth in number of soybean physiologists
and the increased understanding of complex processes, it
has become more difficult to render simple physiological
explanations of questions of growth. The goal of ‘helping the
breeders’ has been elusive. There has not been identified a
key process, measurement or improvement of which would
replace conventional testing. However, with the advent of
genetic engineering the interface between physiologists and
breeder/geneticists is becoming less clear. The skills for cell
and tissue culture, protoplast fusion, and the other marvels
of genetic engineering are those of the physiologist, perhaps
now coming to fruition in partnership with the geneticist/
breeder.” Address: Head, Dep. of Agronomy, Univ. of
Illinois.
2339. Cregan, P.B.; Yocum, J.O.; Justin, J.R.; Buss, G.R.
1981. Evaluation of soybean introductions, ancestral
varieties, and cultivars (Abstract). Agronomy Abstracts
1981:59. Dec.
• Summary: A total of 101 introduced soybean varieties
from maturity group II, III, and IV, selected from over 2,000
lines, were tested in three replicated yield trials for each
maturity group. Each trial was conducted in at least five
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environments in an effort to identify germplasm useful for
increasing genetic variability. Certain Plant Introductions
(PI’s) produced yields higher than Richland, Dunfield,
Mukden, AK (Harrow), and Manchu, which are among the
8-10 Manchurian soybean introductions which form the
genetic base of the commercial soybean cultivars in the
northern USA. These results indicate that those original
introductions from Manchuria are not necessarily the most
productive genotypes from East Asia. Address: 1. USDA,
ARS, Beltsville, Maryland.
2340. Scott, Andrew, Jr.; Sapra, Val T. 1981. Soybean,
triticale and wheat production in West-Central Africa
(Abstract). Agronomy Abstracts 73:46-47. Nov/Dec. 73rd
annual meeting, American Society of Agronomy.
• Summary: Variety trials of soybeans, triticale, and wheat
were conducted in three West-Central African countries–
Upper Volta, Cameroun [Cameroon], and Gabon. The results
have been encouraging, with several soybean varieties
from maturity group IX yielding more than 2,200 kg/ha.
Production problems include seed conservation, nodulation,
insect-control, weed control, etc. Address: Rio Farms Inc.,
Alabama A&M Univ.
2341. Shanmugasundaram, S.; Yen, Chun-Ruey. 1981.
Soybeans for the tropics from AVRDC. Madras Agricultural
Journal 68(11-12):40-47. Nov/Dec.
• Summary: Presented at the SABRAO 4th International
Congress, Kuala Lumpur, Malaysia, May 4-8, 1981.
Contents: Introduction. AVRDC’s goals in developing
tropical soybeans. Germplasm collection. Screening for
photoperiod and temperature response. Screening for
resistance to diseases. Screening for resistance to insect
pests. Yield potential of soybean in the tropics. Hybridization
and selection. New programmes. Worldwide cooperation.
Transferring improved technology. Concluding remarks.
“Concluding Remarks: The true potential of soybeans
in the tropics is yet to be exploited. The development
of new, early-maturing, high-yielding, disease-resistant,
widely-adapted soybean selections from AVRDC and the
accomplishments of properly trained national program
scientists should bring about a ‘protein revolution’ in the
tropics. To achieve this, concerted efforts should be made by
countries in the tropics to cooperate intensively with AVRDC
and utilize to the full both the germplasm bank and the
breeder’s stock to develop and release new cultivars which
will revolutionize soybean production in the tropics.”
Tables: (1) Soybean varieties identified as moderately
resistant to soybean rust, and their characteristics. (2)
Soybean varieties immune to soybean mosaic virus.
(3) Soybean varieties which are susceptible to soybean
mosaic virus but without symptoms (W. Lim, personal
communication). (4) Wild soybean, (G. Soja Sieb and Zucc.)
accessions least affected by beanflies (Melanagromyza sojae

and Ophiomyia centrocematis) at AVRDC. (5) Soybean
varieties less affected by pod borer, Etiella zinkenella, at
AVRDC. (6) Cultivars with high yield potential in the
tropics. (7) AVRDC selections which have yield potentials of
4 t/ha or more in about 100 days.
AVRDC’s six main goals are: 1. Assemble, screen,
maintain and distribute germplasm. 2. Develop earlymaturing, high-yielding selections with good seed quality.
3. Incorporate photoperiod and temperature insensitivity for
wide adaptability. 4. Identify resistance to major diseases
and insect pests and develop genetically resistant selections.
5. Select appropriate plant types for intercropping systems.
6. Evolve suitable vegetable types for direct consumption.
Address: AVRDC, Shanhua, Taiwan.
2342. Chapman, J. 1981. The influence of photoperiod
and temperature on the pre-flowering phase length of
two soybean cultivars in northern Natal [South Africa].
Agroplantae 13(2):23-28. *
2343. Hernandez, S. 1981. Essais de désherbage chimique
sur le soja au Sénégal [Trials of chemical defoliation on
soybeans in Senegal]. In: Conférence de la Société ouestafricaine de malherbologie (SOAM-WAWSS). Held 3-5 Aug
1981 in Liberia. [Fre]*
• Summary: This 9-page paper was presented at the
Conference of the Society of West African Weed Scientists.
Address: ISRA (l’Institut Sénégalais de Recherches
Agricoles).
2344. McBlain, B.A.; Hume, D.J. 1981. Reproductive
abortion, yield components and nitrogen content in three
early soybean cultivars. Canadian J. of Plant Sciences
61/3:499-505. *
2345. Moron-Jiminez, Maria Joaquina. 1981. Estudios
bioquimicos y nutricionales de la semilla germinada de soya
[Biochemical and nutritional studies of germinated soybean
seeds]. Thesis. Centro de Estudios Superiores en Nutricion y
Ciencias de Alimentos, Guatemala, Guatemala. 64 p. Illust.
[Spa]*
2346. Vidal, André; Arnaudo, Denise; Arnoux, Maurice.
1981. La résistance à la sécheresse du soja. I. Influence d’un
défecit hydrique sur la croissance et la production [Drought
resistance of soybeans. I. Effect of drought stress on growth
and yield]. Agronomie (France) 1(4):295-302. [9 ref. Fre;
eng]
• Summary: “This study attempts to estimate the effect of
a drought stress on the growth of vegetative parts and on
the yield components in soybeans... Genetic variability for
drought resistance has been observed. Fifteen varieties were
cultivated in drought boxes (1 m x 1 m x 0.5 m; 36 plants per
box)...” The two water treatments are described.
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“The leaf area index and the water contents of leaves,
petioles and stem were the parameters affected the most
rapidly by the drought stress. For the yield components, the
number of pods per plant was the most sensible character.
A drought resistance index was calculated for each variety,
based on the ratio between the grain yield in each water
treatment. The validity of the experimental procedure and of
the drought resistance index is discussed. Results show large
differences in varietal responses to the drought stress.” So it
seems possible to improve the drought resistance of soybeans
by use of a breeding program.
Note: With the technical collaboration of H. Blayac,
L. Claparede & S. Meynie. Address: I.N.R.A. Station
d’Amelioration des Plantes–Montpellier, France.
2347. Wiebold, W.J.; Ashley, D.A.; Boerma, H.R. 1981.
Reproductive abscission levels and patterns for eleven
determinate soybean cultivars. Agronomy Journal 73:43-46.
*
Address: 1. Assoc. Prof.; 2. Prof. of Agronomy: Both: Univ.
of Georgia, Athens, GA 30602.
2348. Bernard, R.L.; Nelson, R.L. 1981. USDA Germplasm
Collection Inventory–1900 to 1977. Urbana, Illinois:
University of Illinois. 37 p. Typed Ms.
• Summary: “Information on the origins of introduced
United States and Canadian named varieties and all strains
identified by FC numbers and PI numbers introduced through
1977 (PI 420.388).
“This is a working paper. Please report any errors to
R.L. Bernard, Turner Hall, Univ. of Illinois, Urbana, Illinois
61801. A final document will be issued later in 1981.
“Soybean Germplasm Manual 1.”
Gives contact information for the Northern Collection
(Maturity Groups 000 to IV, Richard Bernard and Randall
Nelson) at the Univ. of Illinois, and the Southern Collection
(Maturity Groups V to X, Edgar Hartwig and Calton
Edwards) at Stoneville, Mississippi.
This detailed work consists of a 3-page introduction
followed by many tables.
This “collection of soybean cultivars, herein referred
to as strains, from throughout the world” is maintained by
the USDA “in cooperation with the Illinois and Mississippi
Experiment Stations. The collection is in two sections, the
northern or early-maturing strains... at Urbana, Illinois,
and the southern or late-maturing ones... at Stoneville,
Mississippi. The collection was established in 1949 with
the objective being to obtain and maintain all significantly
different soybean strains from throughout the world with
emphasis on land races of eastern Asia, where soybeans
originated. It was initially assembled by L.F. Williams at
Urbana and E.E. Hartwig at Stoneville under the supervision
of M.G. Weiss, leader of USDA Soybean Investigation,
and J.L. Cartter, director of the U.S. Regional Soybean

Laboratory [at Urbana, Illinois].
“The strains of the collection may be divided into three
parts corresponding to their designations: 1. United States
and Canadian named varieties (cultivars)...
“2. FC strains consisting of foreign introduction and
domestic strains identified by a series of numbers assigned
by the former Forage and Crops section of the USDA. This
series was used until about 1956.
“3. PI strains, consisting of foreign introductions
identified by the system described in the following section.
“In addition to the soybean germplasm collection
outlined above, collections of genetic types and isolines, wild
soybeans (Glycine soja), and perennial Glycine species are
maintained, and lists of this material are available from the
curator at Urbana.”
“In 1949 when this collection was established they were
able to gather from the USDA and various state experiment
stations 1,521 strains, which is 19% of the original 7,873
introductions made through 1944.”
“The last page of Table 1 [p. viii] shows the results
of the two large Asian collecting expeditions, the first by
USDA plant explorer P.H. Dorsett [and his son, Jim] in 1924
to 1927, and the second by Dorsett and USDA soybean
specialist W.J. Morse in 1929-1931. The soybeans obtained
by them (5,417 varieties) represent 69% of the total received
from 1900 to 1944 and make up 82% of the pre-1945 strains
in the present collection.”
“The major additions in recent years have been the
861 from Japan in 1977 and the 1,823 from South Korea in
1976.”
“Maturity Group 00 was split into 000 and 0 in 1981
with the earliest ones in 000.”
“The varieties introduced up until about 1908 (36)
are mostly hay-type varieties. Those from 1910 to 1927
(61) are mostly grain-type and include virtually all of the
introductions ancestral to the present U.S. commercial
varieties. Those of 1929 and 1932 (41) were from the
Dorsett and Morse expedition and are mostly vegetable types
released for human food and home-garden use.”
Tables: (1) PI numbers assigned by year, and number of
strains in the USDA Soybean Germplasm Collection. The
last page of Table 1 shows that from 1924 to 1927 Dorsett
sent back 966 soybean PI numbers of which 260 (26.9%) are
still in the collection. From 1929 to 1932 Dorsett and Morse
sent back 4,451 soybean PI numbers of which 986 (22.2%)
are still in the collection.
(2) A statistical history of soybean introduction.
(3A) Soybeans introduced from 1900 to 1944 by country
and within country by year.
(3B) Soybeans introduced from 1945 to 1977 by country
and within country by year.
(4) Number of strains in the Collection by country.
(5) Number of strains in the Collection by maturity
group.
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Origins of introduced soybeans which became U.S. and
Canadian named varieties.
Origins of soybean strains identified by FC numbers.
Origins of soybean strains identified by PI numbers.
Note: This unpublished typescript was updated and
published in two volumes in 1987 as INTSOY Series No. 30
and in 1989 as INTSOY Series No. 31. Both are extremely
useful and interesting. Address: Urbana, Illinois.
2349. Bozo, S. 1981. Efekti varietor dhe ai i kromit e
i molibdenit ne vleren biologjike te proteinave te sojas
[Effect of variety and of chromium and molybdenum on
the biological value of the proteins in soybean]. Buletini i
Shkencave Bujqesore 20(3):65-69. [5 ref. Alb; fre]*
Address: Qendra e Kerkimeve Biologjike, Tirane, Albania.
2350. Clement, Jean-Michel. 1981. Larousse agricole
[Larousse agricole]. Paris: Larousse. [viii + 1208 p. See p.
1045-48. [Fre]
• Summary: Contents of the section titled “Soja, soya:”
Introduction. Botany. Biology. Cultivation: Crop rotation,
fertilizer, varieties, planting, chemical weed control, harvest,
chlorosis and plant diseases. Utilization: Soymilk, soy oil
and meal. Economics.
A very interesting map (p. 1047) shows France with
an outline of each department. Superimposed in 3 different
shades are three zones (from north to south): (1) Where
commercial soybean cultivation is not possible. (2) Where
soybean cultivation is problematic at present. (3) When
soybean cultivation is normally possible–in the southern
one-third of France between about 42 and 46 degrees north
latitude, which is about the latitude of Michigan, Wisconsin,
and Minnesota in the USA. Address: France.
2351. Cristofolini, Giovanni. 1981. Serological systematics
of the Leguminosae. In: R.M. Polhill and P.H. Raven, eds.
1981. Advances in Legume Systematics. Royal Botanic
Gardens, Kew, Richmond, Surrey TW9 3AR, England. xvi +
1049 p. 2 parts. See p. 513-31. Part 2. [57 ref]
• Summary: Contents: Introduction. Protein extraction.
Immunological reaction: Quantitative methods, qualitative
methods–immunoelectrophoresis, qualitative methods–
immunodiffusion. Data handling. Acknowledgments.
Address: Istituto ed Orto Botanico, Università di Trieste,
Italy.
2352. Dep. of Biology, Northeast Normal University
[China]. ed. 1981. [Soybean physiology]. Peking: Tsu-Shuei
Publishing Co. 291 p. [53 ref. Chi]*
Address: Changchun, Jilin, China.
2353. Germani, Gaetano; Ollivier, B.; Diem, Hoang Gia.
1981. Interaction of Scutellonema cavenessi and Glomus
mosseae on growth and N2 fixation of soybean. Revue de

Nematologie 4(2):277-280. [25 ref. Eng; fre]
• Summary: Scutellonema cavenessi is a parasitic
nematode and Glomus mosseae is a vesicular arbuscular
mycorrhiza. In combined inoculations of soybeans with
both organisms, development of mycorrhizae nullified the
stunting and the reduction of nitrogen fixation caused by
the nematode. Growth and nitrogen fixation of mycorrhizal
plants were greater than that of non-mycorrhizal plants.
Address: 1. Laboratoire de Nematologie; 2-3. Laboratoire de
Microbiologie. All: ORSTOM, B.P. 1438, Dakar, Senegal.
2354. Goldblatt, Peter. 1981. Cytology and phylogeny of
Leguminosae. In: R.M. Polhill and P.H. Raven, eds. 1981.
Advances in Legume Systematics. Royal Botanic Gardens,
Kew, Richmond, Surrey TW9 3AR, England. xvi + 1049 p. 2
parts. See p. 427-63. Part 2. [131 ref]
• Summary: Contents: Introduction. Sources of chromosome
information and methods. Gaps in the record. Review of the
chromosome numbers in Leguminosae: Caesalpinioideae,
Mimosoideae, Papilionoideae. Discussion. The pattern in
Leguminosae. Polyploidy. Address: B.A. Krukoff Curator
of African Botany, Missouri Botanical Garden, St. Louis,
Missouri.
2355. Lackey, J.A. 1981. Tribe 10. The Phaseoleae D.C.
(1825). In: R.M. Polhill and P.H. Raven, eds. 1981.
Advances in Legume Systematics. Royal Botanic Gardens,
Kew, Richmond, Surrey TW9 3AR, England. xvi + 1049 p. 2
parts. See p. 301-27. Part I. [69 ref]
• Summary: Contents: Introduction. Vegetative morphology.
Inflorescence. Flowers. Fruits and seeds. Seedlings.
Chemistry. Anatomy. Chromosomes. Subtribes.
The soybean (Glycine max) is a member of this tribe.
“Dextrorotary twining, prostrate, or erect herbs, occasionally
subshrubs or rarely trees; leaves usually pinnately 3-foliolate
[having leaflets or leaves in groups of three], less commonly
1-9 foliolate or palmate; leaflets sometimes lobed; stipels
and stipules present; foliar and foliolar pulvini present;
inflorescence consisting of fascicles of flowers scattered
along an axis, sometimes reduced to solitary flowers or
expanded into panicles; calyx with (4-5) teeth; corolla
papilionaceous; stamens in 9 + 1 arrangement, the vexillary
stamen free or partially or completely united to the others;
pods 2-valved. Seedlings with opposite first leaves. 2n
usually = 20, 22. 84 genera worldwide, primarily in tropical
and subtropical regions.
The Phaseoleae combine in one tribe both the largest
number of genera and the most economic importance
of any tribe of the Leguminosae. Aside from the most
common cultivated legumes which the layperson refers to
as beans, viz. Phaseolus spp., Vigna spp. and Glycine max,
a substantial portion of the remaining genera in the tribe
contain members of considerable importance as food, fodder,
and ornamental plants (Table 1). Despite this economic
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importance, the tribe was largely ignored taxonomically from
the time of Bentham’s treatment in the Genera Plantarum
(1865a) until Verdcourt’s (1968, 1970a, b, c, d, 1971a, b)
work in conjunction with the Flora of Tropical East Africa.
Verdcourt’s findings were treated with scepticism at first, but
subsequent efforts have shown the essential soundness of his
preliminary findings. Aside from a review of morphology,
recent contributions from chemistry, seedling structure,
anatomy, chromosome counts and pollen morphology lead to
a much fuller understanding of the tribe.
“The concept of a group of papilionaceous legumes with
trifoliolate leaves and twining stems developed at an early
stage; even Linnaeus (1753) associated genera we presently
place in the Phaseoleae. But it was not until the work of de
Candolle (1825) that a rational classification of the tribe was
presented. A more mature synthesis quickly followed with
the work of Bentham (1837), in which most of the present
subtribes were outlined, and in the Genera Plantarum (1865),
which is his final view of the tribe... The system of the last
150 years was therefore the system of Bentham.”
Note: Webster’s Dictionary (1985) defines pulvini
(plural of pulvinus), a word first used in 1857, as “a mass
of large thin-walled cells surrounding a vascular strand at
the base of a petiole or petiolule and functioning in turgor
movements of of leaves or leaflets.” Address: Dep. of
Botany, Smithsonian Institution, Washington, DC 20560.
2356. Langenheim, Jean H. 1981. Terpenoids in the
Leguminosae. In: R.M. Polhill and P.H. Raven, eds. 1981.
Advances in Legume Systematics. Royal Botanic Gardens,
Kew, Richmond, Surrey TW9 3AR, England. xvi + 1049 p. 2
parts. See p. 627-55. Part 2. [134 ref]
• Summary: Contents: Introduction. Mono- and
Sesquiterpenoids. Diterpenoids: Resins from tropical trees
or extracts from heartwood, gibberellins. Triterpenoids.
Tetraterpenoids. Conclusions. Address: Div. of Natural
Sciences, Univ. of California, Santa Cruz, CA.
2357. Polhill, R.M.; Raven, P.H. eds. 1981. Advances
in legume systematics. 2 parts. Royal Botanic Gardens,
Kew, Richmond, Surrey TW9 3AE, England. Ministry or
Agriculture, Fisheries, and Food. xvi + 1049 p. Volume 2 of
the Proceedings of the International Legume Conference,
held 24-29 July 1978 at Kew, England.
• Summary: Contents: Contributors. Preface. Introduction:
Evolution and systematics of the Leguminosae, by R.M.
Polhill, P.H. Raven and C.H. Stirton. Biogeography of the
Leguminosae, by P.H. Raven and R.M. Polhill. Evolutionary
relationship of the Leguminosae, by W.C. Dickison.
Taxonomic part: Supplement to Hutchinson’s ‘The
Genera of Flowering Plants... [The following chapters
contain material on the genus Glycine]: Phaseolae, by J.A.
Lackey.
Special aspects: Cytology and phylogeny of the

Leguminosae, by P. Goldblatt. Non-protein amino acids in
the Leguminosae, by E.A. Bell. Serological systematics of
the Leguminosae, by G. Cristofolini. Protease inhibitors in
the Leguminosae, by J.K.P. Weder. Lectins in Leguminosae,
by G.C. Toms. Phytoalexin induction and its taxonomic
significance in the Leguminosae (subfamily papilionoideae),
by J.L. Ingham. Terpenoids in the Leguminosae, by J.H.
Langenheim. Functional evolution in some papilionoid root
nodules, by J.I. Sprent. Sieve-element plastids and crystalline
P(hloem)-Protein in Leguminosae: Micromorphological
characters as an aid to the circumscription of the family
and subfamilies, by H.-D. Behnke and L. Pop. Breeding
systems and pollination biology in Leguminosae, by
M.T. Kalin Arroyo. Anatomical studies of legume pods–a
possible tool in taxonomic research, by J.S. Pate and J. Kuo.
Seeds of Leguminosae, by C.R. Gunn. Cotyledons of the
Leguminosae, by D.L. Smith.
“The Leguminosae (or Fabaceae) comprise 650 genera
and 18000 species and are the largest family of flowering
plants after the Compositae and Orchidaceae.” Address: 1.
The Herbarium, Royal Botanic Gardens, Kew, Richmond,
Surrey TW9 3AE, England; 2. Missouri Botanical Garden,
P.O. Box 299, St. Louis, Missouri 63166.
2358. Polhill, R.M.; Raven, P.H.; Stirton, C.H. 1981.
Evolution and systematics of the Leguminosae. In: R.M.
Polhill and P.H. Raven, eds. 1981. Advances in Legume
Systematics. Royal Botanic Gardens, Kew, Richmond,
Surrey TW9 3AR, England. xvi + 1049 p. 2 parts. See p.
1-26. Part I. [24 ref]
• Summary: Contents: Introduction. The main radiation.
Constraints. Canalisation of the flower structure. Canalisation
of other parts: Root nodules, fruits, seeds, seedlings, defence
systems, chromosomes. Rates of evolution and extinction.
Systematic implications.
“The Leguminosae (or Fabaceae) comprise 650 genera
and 18,000 species and are the largest family of flowering
plants after the Compositae and Orchidaceae. Compared
with those families and many others, the Leguminosae are
notably ‘generalists’, ranging from forest giants to tiny
ephemerals... In general the evidence of this volume would
seem to support the concept of a single family” within the
Leguminales, rather than three or two.
The legumes seem to have evolved in three major
phases of evolution. The surviving genera of legumes
have developed “complex chemical and biological defence
systems, sophisticated symbiotic relationships with
Rhizobium and ectotrophic mycorrhizae, and elaborate
mechanisms to make and break dormancy of hard seeds” (p.
21).
Note: With respect to mycorrhiza, ectotrophic means
growing in a close web on the surface of the associated
root. Address: 1. Royal Botanic Gardens, Kew, Richmond,
England; 2. Missouri Botanical Garden, St. Louis, Missouri,
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USA; 3. Botanical Research Inst., Pretoria, South Africa.
2359. Szyrmer, Jerzy. 1981. [The study on vegetation period
and plant characters determining seed yield in soybean]. Acta
Agrobotanica 34(1):115-21. [8 ref. Pol; eng]*
• Summary: “12 Soybean strains bred by the author
were tested with respect to their adaptation to different
environments in the period 1975-1977. Better environmental
conditions in Przeclaw (Rzeszów region) than in Radzików
near Warsaw have beneficial effect on seed yield and the
length of vegetation period in tested soybeans. Generally,
tested strains yielded better than population variety
‘Warszawska’ used as a check. Highest yield was produced
by strain M-17/76–22,7 q/ha. This strain is already registered
as a variety ‘Ajma’. Seed yield, fat and protein content
are determined by genotype and environmental factors.
The negative correlation was found between seed yield, its
components and the length of vegetation period. It suggests
that selection of early and, at the some time, high yielding
varieties can and should be done.” Address: Plant Breeding
and Acclimatization Inst., Soybean Lab., Radzikow n.
Warsaw, Poland.
2360. Thompson, John F.; Madison, J.T.; Waterman, M.A.;
Muenster, A.-M. 1981. Effect of methionine on growth
and protein composition of cultured soybean cotyledons.
Phytochemistry 20(5):941-45. [35 ref]
• Summary: “Immature soybean cotyledons were cultured
in vitro on a `complete’ medium with and without
supplementation with methionine. The supplement
increased dry wt by 23%. The growth increase indicated
that under these conditions the cotyledons could not
synthesize methionine rapidly enough to supply the
methionine required for maximum protein synthesis. This
indication was supported by finding that aminoacylation of
methionyl-transfer RNA was increased 18% by methionine
supplementation. Supplemental methionine also increased
the methionine content of the protein fraction by more
than 20%, decreased the arginine content by 11% and
significantly affected several other amino acids. These latter
results indicate that the amino acid composition of seed
protein can be influenced by the supply of amino acids.”
Address: U.S. Plant. Soil and Nutrition Lab., Agricultural
Research, Science and Education Administration, U.S. Dep.
of Agriculture, Ithaca, New York 14853.
2361. Windish, Leo G. 1981. Dr. R.L. Bernard. USDA plant
geneticist stationed at the University of Illinois college of
agriculture. Well known modern day soybean geneticist
whose work is widely acclaimed (Continued–Document
part II). In: Leo Windish. 1981. The Soybean Pioneers:
Trailblazers, Crusaders, Missionaries. Galva, Illinois:
Published by the author. viii + 239 p. See p. 155-60. Chap.
29.

• Summary: (Continued): “Another major disease, only
recently widely found in the midwest, is soybean cystnematode. In 1966, although it was present in Illinois in
only a few southern counties, Dr. Bernard began a breeding
program for cyst-nematode resistance in cooperation with
the Missouri Delta Center at Portageville, Missouri. Testing
for cyst reaction is done in winter in the Delta Center’s
greenhouses under the direction of Dr. Grover Shannon, and
agronomic evaluation is done in Illinois. Last year, Franklin
was released from this program to replace the old variety
Custer, the only other northern variety (maturity Group
IV or earlier) with resistance to soybean cyst-nematode.
Earlier varieties with resistance are now being tested. Some
have advanced to the regional tests and will be released for
commercial production as soon as the most satisfactory one
or ones can be identified.
“Other pests that have received attention include leafspot diseases, brown stem rot, and the Mexican beetle. Clark
63 (developed cooperatively with Dr. Williams in Missouri),
Wayne, Williams, Woodworth, Union, and Franklin were
also selected as resistant to bacterial pustular leaf spot.
They have become the major Group III and IV varieties
in the southern part of the midwest, and that formerly
prevalent disease has become a rarity. On the other hand,
downy mildew leaf-spot has become very prevalent in the
area because of the high susceptibility of Clark 63, Wayne,
Williams, and Woodworth.
“Dr. Bernard has identified a gene for complete
resistance to downy mildew leaf-spot and has incorporated
it into the variety Union, giving some hope for complete
control of this disease as additional resistant varieties
are released. Brow stem-rot is one of the most prevalent
soybean diseases and appears to increase with frequency of
soybean growing. They have been successful in developing
productive varieties with resistance to brown stem-rot,
discovered by Dr. Chamberlain, at Urbana.
“An extensive program has also been launched for
breeding resistance to Mexican bean beetle in cooperation
with entomologists here, at Purdue University in Indiana,
and at Beltsville Agricultural Research Center in Maryland.
Mexican bean beetle has not heavily infested Illinois soybean
fields yet, but with heavy infestations in nearby Indiana and
Kentucky, as well as in Maryland, it seems wise to start this
effort before the problem actually develops here, especially
since it will take many years to produce a commercially
accepted resistant variety.
“In addition to working on specific pests, Dr. Bernard
has been breeding for improved seed quality, especially
in varieties adapted to southern Illinois, where quality is
so frequently a problem. The related varieties Williams,
Woodworth, and Union have come out of this program.
While there is room for much more improvement, they are
superior in seed quality to the varieties they replaced, and
are also more resistant to lodging and shattering. All three
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varieties have gained wide farmer acceptance. Williams is
currently the most popular American variety and is grown
on about 9,000,000 acres annually (1979-1980 figures). Dr.
Bernard’s efforts are now being turned toward selection for
resistance to diaporthe, a fungus involved in the seed-quality
problem, and for resistance to soybean mosaic and beanpod mottle, two virus diseases Dr. Bernard also suspects
contribute to the seed-quality problem.
“Germ-Plasm: Maintenance of the northern section
of the USDA’s soybean germ-plasm collection has been
one of Dr. Bernard’s major responsibilities. The USDA’s
collection was initiated in 1949, when soybeans had become
an important enough crop to justify a permanent collection of
all available varieties from throughout the world.
“Before then, many hundreds of soybean varieties had
been introduced, especially from eastern Asia, the native
homeland of the soybean, but most of them had been
discarded if not found immediately useful. In 1949, at the
instigation of Martin Weiss, head of the USDA soybean
investigations, the USDA and the experiment stations were
solicited and all varieties of soybean still in existence in
this country were gathered together. They totaled about
2,000. The early-maturing ones were to be maintained at
the University of Illinois by Leonard Williams of the U.S.
Regional Soybean Laboratory, and the late ones (Group V
and later) were to be maintained by Edgar Hartwig at the
Delta Branch Station in Mississippi.
“Thus, when Dr. Bernard arrived in 1954, the collection
was just about four or five years old and there was much
cataloging, identification, and purifying of varieties to be
done. In the next few years, performance tests were run for
all 2,000 varieties and evaluation reports were circulated
to soybean researchers throughout the world. Thousands of
seed packets are sent each year to researchers and these have
been the basis for successful searches for resistance to many
pests and of other research requiring diverse germ-plasm.
“At first, the collection grew rather slowly. Foreign
varieties were sent to the United States from time to time, but
few active solicitations were made. In the past eight years,
the collection has grown much more rapidly, partly because
of trips Dr. Bernard made to Japan and South Korea in 1974.
While in those countries Dr. Bernard collected specimens
himself and made contact with researchers and institutions
that had soybean collections. Subsequently we have received
a large number of varieties from Korea and Japan. The
Urbana collection, which totaled about 2,000 varieties when
Dr. Bernard began working with it, now includes over 6,000
domestic and foreign varieties of cultivated soybeans. Just
within the past year the Soviet Union sent us over 1,500
additional varieties, which are being added to our collection.
“During Dr. Bernard’s trip to Japan, Korea, and China,
he collected some samples of the wild soybean (Glycine
soja), which had never received much attention here or in
Asia. From seven accessions previous to 1968 the wild

soybean collection has grown to include 558 strains, which
provide an interesting subject of study for those interested
in the evolution of the soybean, and are a diverse potentially
new source of pest resistance and other traits desired by
U.S. soybean breeders. In addition to the wild soybean,
there are several other species in the genus ‘glycine,’ all of
them perennial and native to Australia, with the range of
some extending to southeast Asia and the nearby Pacific
islands. When the collection was begun, most American
soybean researchers were unaware of these near relatives
of the soybean. One or two accessions of what was then
known as Glycine javanica, the ‘perennial soybean,’ were in
the initial collection at Urbana, and we have since obtained
several dozen accessions. Although the taxonomists have
now removed this species to the genus Neonotonia it still has
some interest as a not-too-distantly related legume species
and also is a forage crop in its own right in many tropical
areas.
“The other species of the genus were completely
unknown to American agronomists until Dr. Bernard
obtained some seeds of Glycine tabacina, originating in
Australia. These were planted in the agronomy greenhouse
in January, 1958, and produced a small, delicate, viney
plant with soybean-like flowers and very small pods and
seeds. Seeds of several other species have been received
and grown in the greenhouse in subsequent years, and this
collection has stimulated the study of Glycine in this country.
Theodore Hymowitz and Christine Newell of the Department
of Agronomy, have been particularly active in taxonomic
and cytological studies of perennial Glycine species. Their
work has greatly enlarged the collection of these species and
augmented our knowledge about them.
“Current and Future Plans: Today, as more and more
researchers at both public institutions and private seed
companies are getting into soybean breeding, Dr. Bernard
is concentrating more on resistance to pests important
to the Midwest, or of potential importance, and on basic
genetic studies which he hopes will be useful to the many
now engaged in soybean research. In addition, Dr. Bernard
said, ‘We are greatly increasing our efforts in germ-plasm
collecting, documentation, evaluation, and utilization. Before
any more germ-plasm is lost we need to obtain collections
from those areas that have been insufficiently sampled in the
past, such as southern and western China and North Korea.
Available information on the collection is being compiled
and will be made readily available to interested researchers.’
“With the recent additions of USDA pathologist S.M.
Lim and geneticist R.L. Nelson to the staff at the University
of Illinois, Dr. Bernard is hopeful that our program of germplasm evaluation will be greatly increased, and that the
somewhat narrow germ-plasm base of American commercial
soybean production can be effectively enlarged, resulting
in more efficient and stable production.” Address: 101
Exchange St., Galva, Illinois 61434.
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2362. Windish, Leo G. 1981. Dr. E.E. Hartwig, Research
Agronomist, Crops Division, Agricultural Research Service,
U.S. Department of Agriculture, Delta Branch Experiment
Station, Stoneville, Mississippi (Document part). In:
Leo Windish. 1981. The Soybean Pioneers: Trailblazers,
Crusaders, Missionaries. Galva, Illinois: Published by the
author. viii + 239 p. See p. 223-25. Chap. 43.
• Summary: A good, detailed biography of this pioneering
USDA soybean breeder and germplasm collection curator.
“No history of soybean pioneering would be complete
without acclaiming the research work of Dr. E.E. Hartwig
and his colleagues. Great credit is due all of the research
personnel at the agricultural experimental stations in each
of those states in the south. The use of soybeans throughout
the south in a relatively short period of time spread like a
‘prairie fire.’ In fact, we might borrow a word from a popular
TV show and term the growth of soybeans in the south as
‘incredible.’
“Perhaps one the key factors in the rapid increase
can be attributed to the introduction of new varieties,
increased yields, phytophthora resistance, and Bedford, a
new soybean resistant to cyst nematodes. Bedford is the
result of the cooperative efforts of two ARS USDA research
workers, E.E. Hartwig located at the MAPES Delta Branch,
Stoneville, Mississippi, and James Epps, located at the West
Tennessee Experiment Station at Jackson.
“Dr. E.E. Hartwig’s reply to our letter seeking
information on the early use of soybeans in the south, is
reprinted. Here is Dr. Hartwig’s most interesting reply:
“Dear Mr. Windish: I have your letter of January 21
in which you state that you are working on a history of
the soybean in the U.S. and would be interested in having
additional background information on the soybeans in the
south. I began my work with North Carolina in March,
1943. The major varieties being grown in North Carolina at
that time were Haberlandt, Tokyo, and Woods Yellow. All
shattered very readily as soon as they had reached maturity.
We had a small increase of the variety Ogden which was
developed in Tennessee. Ogden was a better producer than
the older varieties, but also shattered very soon after reaching
maturity and had green seed coats which were objected to
by the Japanese buyers when they had indicated they were
buying yellow soybeans.
“In 1943, there were still some one-row harvesters in
operation in North Carolina. These harvesters were pulled
by a pair of mules and had a beater which rotated and hit the
plants and knocked out the seed. From this standpoint the
shattering characteristic of the varieties made this method
of harvest workable. However, seed flew in all directions
and only a portion of the seed went into the container on the
harvester.
“A moderate size acreage of soybeans to be harvested
for hay was grown in many of the southern states. Many of

these were black seeded and had a rather viney plant type. As
growers later shifted to growing types of seed for harvest, the
nodulating bacteria had already been established in the soil
through the growing of hay varieties.
“Many of the varieties introduced from northwestern
China, where soybeans were being grown for grain
production, were well suited for production in the north
central states. Consequently, production was started in that
area through the growing of direct introductions from China.
However, there was no comparable grain producing region
in China or Korea having a latitude similar to the southern
U.S. and, consequently, it was necessary to develop varieties
for production in the south before the crop could gain
acceptance.
“As I view the situation, shattering of seed at maturity
was not a problem to the Asiatic farmer since he would
usually have less than one acre as his total crop, which could
be cut slightly green and, with the shattering characteristic,
it was easier to tramp out the seed. For our mechanized
harvesting it was essential to have seed holding.
“I transferred to Mississippi in 1949. At that time there
was a small acreage of soybeans planted for harvest in
the State of Mississippi. The Ogden variety was the best
producer. However, growers regularly reported that harvested
yield went down each day of harvest because of shattering.
When we released the Lee variety in 1954, we stated it
would hold its seed six weeks after it was ready for combine
harvesting. Farmers were very skeptical and some left a few
rows standing the first time they grew them just to see how
long it might hold its seed.
“At the time we started our breeding program to
develop improved types in 1943, we also initiated studies on
cultural practices. By the time interest began to develop in
soybean production in the mid-1950’s, we had information
showing that planting should not be made before day length
reached 14½ hours in early May and also information on
rate of planting, and so forth. Many of our growers had
been interested in planting in early April in order to get
the planting out of the way before they were to start cotton
planting. These early plantings gave very poor results
because of early flowering being initiated by the shorter days
of early April.
“We have attempted to develop a series of varieties
covering a range of maturity so that larger growers could
plant a sequence of varieties covering a range of maturity of
nearly one month. We have also developed varieties giving
proper maturity for the different production regions. We
have also had to give considerable attention to building in
resistance to diseases and nematodes and now, also giving
attention to building a resistance to leaf feeding insects.
“I am enclosing descriptive material of several of the
varieties that we have released over the years. Should you
have additional questions, I would be glad to attempt to
answer them for you.

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 731
“Sincerely, Edgar E. Hartwig, Research Agronomist.”
A small portrait photo shows Dr. Edgar E. Hartwig.
Address: 101 Exchange St., Galva, Illinois 61434.
2363. Wolf, W.J.; Baker, F.L.; Bernard, R.L. 1981. Soybean
seed-coat structural features: Pits, deposits and cracks.
Scanning Electron Microscopy 1981(III):531-44. [23 ref]
• Summary: “Thirty-three soybean... cultivars plus a number
of plant introductions and strains were surveyed for surface
characteristics of their seed coats. Pitting of the seed-coat
surface occurred in many cultivars, but a number of them
were free of pits, and the degree of pitting ranged from
light to heavy in those exhibiting this feature. Williams, a
currently popular cultivar, was an example of one with a
heavy degree of pitting. The different cultivars also showed
a wide range in the amount of a deposition’ the seed coat
surface which appeared to be a ‘fingerprint’ of the endocarp,
the innermost layer of the-pod wall. Some cultivars were free
of this material whereas others were so densely covered that
it was apparent to the naked eye...” Address: 1-2. NRRC,
Peoria, Illinois; 3. Univ. of Illinois, Urbana.
2364. Bailey, L.D.; Hamilton, R.I.; Chow, P.N.P. 1981?
Soybean production–Research developments. Paper
presented at ? 15 p. Undated. Unpublished manuscript.
• Summary: “The present Soybean research program at
Brandon has as its broad objective ‘The development of
management systems for efficient soybean production on
the eastern prairies’. Guided by the results of the previous
research this new research was initiated in 1972-1973, and
takes a multidiscipline approach, involving three broad
areas–(1) Breeding, (2) Evaluation and Physiology, (3)
Management. The success of the program is due in large
measure to the cooperation among the research team, with
provincial agronomists and University researchers.
“The Breeding research is carried out by Dr. Voldeng
of the Ottawa Research Station. Dr. Voldeng in cooperation
with Dr. R.I. Hamilton (BRS) maintains a breeding and
evaluation nursery at the Brandon Research Station... To
date the program has produced two licensed varieties: (1)
Maple Presto–the earliest licenced cultivar grown in North
America. (2) Maple Amber–a high yielding, high protein
early maturing cultivar.”
The Corn Heat Unit system is used to help predict how
soybean varieties will perform under various agro-climatic
conditions. For example, research data shows that the
McCall variety requires considerably more heat units and
time to reach full maturity than the Maple Presto variety. A
cool tolerance gene has recently been identified at Ottawa
by Drs. Voldeng and Seitzer. “The research on row spacing
shows that as the row width is reduced from 80 cm to 20 cm
the yield of beans increased (Table 4), and further the height
of the first pod above the ground increased, thus contributing
to the yield. The results of the plant density studies are

as conclusive (Table 5). The table shows that in general
maximum yields are obtained with a population density of
60-100 plants/square meters.
“The data for the date of planting experiments have not
been completely analyzed. However, preliminary indications
are that May 15-25 appears to be the optimum seeding
dates.” Address: Agriculture Canada, Brandon Research
Station, Box 610, Brandon, Manitoba, Canada.
2365. St. Martin, S.K. 1982. Notes: Effective population size
for the soybean improvement program in maturity groups 00
to IV. Crop Science 22(1):151-52. Jan/Feb. [6 ref]
• Summary: “Development of soybean... varieties by
hybridization of selected parents followed by selfing and
selection began in the midwestern United States and Canada
approximately 50 years ago.”
Note: “Selfing” in plants refers to he transfer of pollen
from the anther of a flower to the stigma of the same flower
or different flowers on the same plant.
The effective number (N) of lines recombined in each
cycle was estimated by determining coefficients of parentage
of 27 varieties released between 1976 and 1980. The relative
low value for N (11 to 15) indicates that soybean breeders
have made progress in yield at the expense of the loss of
a significant percentage of the genetic variation originally
available. Address: Asst. Prof., Dep. of Agronomy, Ohio
Agricultural Research and Development Center, Wooster,
Ohio 44691.
2366. Shurtleff, William; Aoyagi, Akiko. 1982. History
of research on the nutritional value, biochemistry, and
therapeutic usage of soybeans and soyfoods. Soyfoods
Center, P.O. Box 234, Lafayette, CA 94549. 59 p. Feb.
13. Unpublished typescript. Available online at www.
soyinfocenter.com.
• Summary: www.soyinfocenter.com/HSS/nutrition1.php
A comprehensive history of the subject. Contents:
Introduction. Part I: Soyfoods nutrition and traditional
East Asian diets. Need for cooking to maximize nutritional
value. The cereal-legume protein model to maximize protein
quality and quantity, and reduce degenerative diseases.
Food processing techniques to reduce flatulence. Medicinal
uses of the soybean. Part II: Modern research on soyfoods
nutrition. Protein overview. The First Food, Agriculture,
and Nutrition Revolution, 1850-1920. Diabetic diets
and soyfoods. Vitamins overview. World War I and soy
nutrition. Protein quality, 1880-1920. The 1930’s: The Great
Depression, the Great Drought, acid-base balance in foods.
The 1940’s: Soybean trypsin inhibitors, soy fortified breads,
essential amino acids. The 1950’s: Overview, soymilk
formulas and infant feeding. The 1960’s: The Second
American Agriculture, Food, and Nutrition Revolution;
diet and coronary heart disease, soybean trypsin inhibitors
update, soyfoods and flatulence. The 1970’s: Changing
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U.S. diet, interest in soyfoods, reappraisal of the value of
animal and plant proteins, world hunger (protein vs. calories
debate), critiques of protein quality measurement, human
protein studies, coronary heart disease and diet, soyfoods
and cholesterol, cancer and diet, antinutritional factors in
soybeans, mineral bioavailability, breeding soybeans to
upgrade nutritional quality. The 1980’s: Future and outlook.
Address: Lafayette, California. Phone: 415-283-2991.
2367. Bethlenfalvay, G.J.; Brown, M.S.; Pacovsky, R.S.
1982. Relationship between host and endophyte development
in mycorrhizal soybeans. New Phytologist (London)
90(3):537-43. March. [27 ref]
• Summary: Symbiotic associations of soybeans and the
vesicular-arbuscular mycorrhizal (VAM) fungus Glomus
fasiculatus were grown to maturity in a sand-perlite rooting
medium watered with a nutrient solution containing growthlimiting amounts of soluble phosphorus. Usually such
growth is associated with enhanced mineral uptake and
growth when the supply of relatively immobile nutrient
ions is limiting. Since extraradical hyphae are the organs
responsible for enhanced nutrient uptake, the ratio of
the fungus to root dry weight is proposed as an index of
the endophyte’s usefulness to the host. “High values for
this usefulness index coincided with significant growth
enhancement for the host plant. Source-sink relationships in
the host appear to be a determining factor in the growth of
the fungal endophyte.” Address: Western Regional Research
Center, USDA, Science and Education Administration,
Berkeley, California 94710.
2368. Del Campillo, Elena; Shannon, L.M. 1982. An alphagalactosidase with hemagglutinin properties from soybean
seeds (Open Access). Plant Physiology 69(3):628-31. March.
[9 ref]
• Summary: “Abstract: Soybean... seeds contain a galactosebinding protein which displays two activities: (a) an alphagalactosidase activity and (b) a hemagglutinin activity.”
Address: Dep. of Biochemistry, Univ. of California,
Riverside, California 92521.
2369. Delouche, James C. 1982. Physiological changes
during storage that affect soybean seed quality. INTSOY
Series No. 22. p. 57-66. J.B. Sinclair and J.A. Jackobs, eds.
Soybean Seed Quality and Stand Establishment (College of
Agric., Univ. of Illinois at Urbana-Champaign). [60 ref]
• Summary: Contents: Introduction. Factors affecting the
rate of deterioration: Inheritance, temperature and moisture
content. Sequence of deteriorative changes. Physiology of
deterioration. Vigor. Summary. Discussion.
“The physiological changes in seed that lead to loss
of viability are termed deterioration... Soybean seeds are
inherently short-lived. They deteriorate more rapidly than
seed of rice, corn, sorghum, wheat, and many other seed

kinds under the same conditions of production, harvesting,
drying, and storage (Table 1). Of the major agronomic
crops only shelled peanut seeds are more short-lived than in
viability soybean seeds.” Address: Agronomist in Charge,
Seed Technology Lab., Mississippi State Univ., Mississippi
State, USA.
2370. Ecochard, R.; Ravelomanantsoa, Y. 1982. Genetic
correlations derived from full-sib relationships in soybean
(Glycine max Merr.). Theoretical and Applied Genetics
(TAG) 63(1):9-15. March. [19 ref]
• Summary: “Spaced plants of a segregating soybean hybrid
population in the F6 generation were scored for fourteen
quantitative traits related to yield, foliage development
and growth duration. Full-sib relationships were used to
estimate the genetic additive components of variation and
covariation.” Address: 1. Prof.; 2. Dr.; Both: Laboratoire
d’Amélioration des Plantes, Ecole Nationale Supérieure
Agronomique, Institut National Polytechnique, 145 avenue
de Muret, 31076 Toulouse Cédex (France).
2371. Kueneman, Eric A. 1982. Genetic differences in
soybean seed quality: Screening methods for cultivar
improvement. INTSOY Series No. 22. p. 31-41. J.B. Sinclair
and J.A. Jackobs, eds. Soybean Seed Quality and Stand
Establishment (College of Agric., Univ. of Illinois at UrbanaChampaign). [47 ref]
• Summary: Contents: Introduction. Causes of seed
deterioration. Screening methods and assessment of seed
vigor. Kinds of stress proposed for seed vigor assessment:
Seed storage (aging seeds), accelerated aging stress,
cold stress, hot water pregermination stress, osmotic
stress, thermostress during germination, methanol stress.
Methods of evaluating seed or seedling vigor following
stress: Laboratory germination test, field emergence test,
tetrazolium (TZ) test, seedling growth rates, characteristics
of seed leachate. Seed storability: Cultivar differences in
storability, inheritance of seed storability. Field weathering–
field deterioration: Resistance to seedborne pathogens
involved in field weathering–purple seed stain, resistance
to weathering associated with hardseededness (seed coat
impermeability), heritability-resistance to field weathering
(unspecified mechanism). Tolerance to high soil temperature.
Conclusion. Discussion.
“Most resistant lines identified at IITA are from
Indonesia. Soybeans evolved in the temperate regions
but have been grown successfully for a very long time in
Indonesia, which is located in a subtropical region with a
rather adverse environment (warm and humid) for quality
seed production. Indonesian farmers must have selected
varieties resistant to weathering stress. Not all varieties
from Indonesia, however, have high levels of resistance to
weathering...
“We have noted that a high percentage of the varieties
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identified as having resistance to field weathering and
superior storability are brown- or black-seeded. However,
not all blackseeded lines have good storability.” Address:
Soybean breeder, Grain Legume Program, International Inst.
of Tropical Agriculture, P.M.B. 5320, Ibadan, Nigeria.
2372. Meyer, J.; Germani, G.; Dreyfus, B.; Saint-Macary,
H.; Boureau, M.; Ganry, F.; Dommergues, Y. 1982.
Estimation de l’effet de deux facteurs limitants (sécheresse
et nématodes) sur la fixation de l’azote par l’arachide et le
soja [Estimation of the effect of two limiting factors (drought
and nematodes) on the fixation of nitrogen by peanuts and
soybeans]. Oleagineux (France) 37(3):127-34. March. [27
ref. Fre]
Address: 1. Ecole Normale Supérieure, 46, rue d’Ulm Paris,
France; 2-3&5&7. ORSTOM/C.N.R.S., B.P.1386, Dakar,
Senegal; 4. I.R.A.T., B.P. 5035, Montpellier, France; 6.
I.R.A.T./I.S.R.A., Bambey, Senegal.
2373. Reicosky, David A.; Orf, J.H.; Poneleit, C. 1982.
Soybean germplasm evaluation for length of the seed filling
period. Crop Science 22(2):319-22. March/April. [18 ref]
• Summary: “The reproductive period, seed filling period,
and filling period estimate were highly correlated across
years, which indicated genetic control of the characters. The
characters were highly correlated with each other which
indicated that any of the three methods could be used to
evaluate the length of the seed filling period.” Address: Dep.
of Agronomy, Kentucky Agric. Exp. Station, Lexington.
2374. Wang, Jinling. 1982. [Soybeans in] People’s Republic
of China. INTSOY Series No. 22. p. 136-39. J.B. Sinclair
and J.A. Jackobs, eds. Soybean Seed Quality and Stand
Establishment (College of Agric., Univ. of Illinois at UrbanaChampaign).
• Summary: The author’s name used to be romanized as
Wang Chin-ling in Wade-Giles. Contents: Introduction.
Soybean management in each soybean cultivation region in
China. Yellow River and Hwai River Valley summer soybean
region. Yangtze River Valley summer soybean region.
Autumn soybean region. Multiple soybean cropping season
region.
“... the soybean production area is being kept to about
7.6 million ha, with an annual production of 7 to 8 million
metric tons. In 1975, the area devoted to soybeans was 7.0
million ha, with a production of 7.3 million metric tons; in
1976, 6.69 million ha and 6.62 million metric tons; and in
1977, 6.842 million ha and 7.235 million metric tons. The
average soybean yield per ha is just over 1 metric ton. One
reason for such low yields is that in most parts of China
soybeans are a secondary crop in a rotation system, and are
sown mostly after the harvest of winter crops or summer
rice. Thus, soybeans grow during the shortest days, and
under other adverse conditions. The main soybean-producing

area is in the northeast of China, where the yield frequently
averages more than 3,000 kg/ha...
“Spring soybean region: The main area of this region
is in northeast China, where there is only one full season
crop each year, and soybeans occupy about 20 percent of
the cropping area. Soybeans are planted in late April to
early May and mature in late September... The main rotation
systems are corn-soybeans-millet (or sorghum), and soybeanspring wheat-corn...
“About 90 percent of the soybean cultivars in present
commercial production in the northeast were developed
through hybridization with indigenous cultivars as parents...
“Yangtze River valley summer soybean region: Near
the urban areas farmers grow spring soybeans, sown around
the middle of April and harvested at the middle of June, like
green beans, to be used as a fresh vegetable. There is also
a large acreage of spring soybeans with a cropping system
that incorporates three crops–winter barley or wheat, spring
soybeans interplanted between rows of barley or wheat at the
dough stage, and autumn paddy rice–in one year. Soybeans
planted along the edge of paddy rice fields are also spring
sown. Another three-crop system consists of winter crops–
early- and middle-season rice and autumn soybeans–in one
year. Such complex cropping systems and various natural
conditions in this region cause soybeans to be exceedingly
diversified in type. Therefore, this region has the most
plentiful soybean germplasm resources.
“Most spring-sown soybeans in this region belong to
maturity groups I to III; most summer-sown soybeans, to
maturity groups VI to VII; and most autumn-sown soybeans,
to maturity groups VIII to IX...
“Autumn soybean region: In the southern part of China,
on the less fertile, water-deficient land, a rotation system of
three winter crops–early or middle-season rice and autumn
soybeans–is favored. The autumn soybeans are sown in early
November...
“Farmers in this region traditionally pay a great deal
of attention to seed selection, cleaning, and storage. The
selected clean seeds are desiccated to a degree (water content
below 11 percent) at which they can be beaten easily into
pieces. The desiccated seeds are stored in glazed smallmouthed jars and sealed to be stored over the hot, moist
summer. The jars are opened early the next fall within 10
days before seeding. It is observed that seeds of small-seeded
types store better.
“Multiple soybean cropping season region: In the
southernmost portion of China, there is a frostless belt where
the mean winter temperature is as high as 18º to 20º C.
Therefore, winter soybeans can be sown in late December
and mature from mid-April to early May. In commercial
production, spring soybeans that are planted from midFebruary to early March and mature from mid-May to early
June are dominant and prevalent, and the yield per unit
area is also as high as 1.5 metric tons/ha. In addition, in
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commercial production, summer-sown soybeans are sown
in the middle of May and harvested in the middle of August,
and autumn-sown soybeans are planted in mid-July (after
rice) and harvested in early November.” Address: Prof. of
Plant Breeding, North East Agricultural College, Harbin,
China.
2375. Chabot, Jean F.; Leopold, A.C. 1982. Ultrastructural
changes of membranes with hydration in soybean seeds.
American J. of Botany 69(4):623-33. April. [19 ref]
• Summary: Tissues with less than 18% water yielded
only small areas identifiable as plasma membrane and
these contained many irregularities or pock marks. As
imbibition proceeded, larger expanses of plasma membrane
were revealed, with fewer irregularities and more particles
embedded in the membrane sheets. Address: Boyce
Thompson Inst., Ithaca, New York 14853.
2376. Seyedin, Nader; Burris, J.S.; LaMotte, C.E.; Anderson,
I.C. 1982. Temperature-dependent inhibition of hypocotyl
elongation in some soybean cultivars: I. Localization of
ethylene evolution and role of cotyledons. Plant and Cell
Physiology 23(3):427-31. April.
• Summary: “Apical 2-cm hypocotyl segments from
seedlings of a ‘short-hypocotyl’ cultivar Amsoy 71, like
whole seedlings, evolve about twice as much ethylene at
25ºC as at 30ºC. Segments consisting of two cotyledons and
an attached epicotyl evolve ethylene at low rates at both
25ºC and 30ºC.”
2377. Voldeng, Harvey D.; Seitzer, J.F.; Donovan, L.S.
1982. Maple Presto soybeans. Canadian J. of Plant Science
62(2):501-03. April. [Eng; fre]
• Summary: Contents: Introduction. Pedigree and breeding
methods. Performance. Other characteristics. Pedigree
seed stocks. “Maple Presto is the earliest maturing soybean
cultivar licensed in Canada. It combines with earliness
the attributes of high oil content in the seeds, resistance to
lodging and shattering, and adequate plant height.” It was
“developed by the Agriculture Canada Research Station,
Ottawa, Ontario, with the cooperation of the Research
Station at Brandon, Manitoba.” “Maple Presto can mature
with as few as 2200 corn heat units from planting to
maturity.
“Pedigree and breeding methods: Maple Presto
originated at the Ottawa Research Station in 1974 as an
F-4 plant selection from the cross of line 840-7-3 and an
F-1 plant of the cross Portage x Amsoy. Line 840-7-3 is
a selection of very early maturity obtained from Dr. Sven
Holmberg, Norrkoping, Sweden.”
“License No. 1906 was issued for Maple Presto on 7
March 1979 by the Plant Products Division, Production and
Marketing Branch, Agriculture Canada.
“Performance: Maple Presto matured 17 and 18 days

earlier than McCall and Maple Arrow in Ontario and
produced about 70% of the seed yield of the later maturing
cultivars (Table 1). Plants of Maple Presto were shorter
by 6 and 10 cm than those of McCall and Maple Arrow,
respectively.” “Maple Presto has an average of 5,800 seeds
per kilogram in Ontario and 6,400 when grown in locations
with shorter and cooler seasons. The seeds are dull yellow
with light brown hila.” “It is insensitive to long photoperiods,
flowering and forming pods only 2-3 days later at 24-hour
photoperiod than at 12 hours.”
Note: This is the earliest maturing soybean variety
whose name begins with the word “Maple.”
Talk with Ted Hymowitz. 1998. Oct. 8. Ted went to
Canada last week and visited with Harvey Voldeng, who
developed this variety. Dr. Voldeng told Ted that the word
“Maple” comes from the name of the road that runs past their
experimental farm. Hilarious! Address: Research Station,
Agriculture Canada, Ottawa, Ontario K1A 0C6, Canada.
2378. Zeiher, Carolyn; Egli, D.B.; Leggett, J.E.; Reicosky,
D.A. 1982. Cultivar differences in N redistribution in
soybeans. Agronomy Journal 74(2):375-79. March/April. [25
ref]
• Summary: In soybeans, the redistribution of nitrogen from
vegetative plant parts to the developing seeds may influence
the duration of seed filling and yield. “The objective of this
study was to investigate the N redistribution characteristics
of soybean cultivars of varying maturities and growth
habit. Eight cultivars ranging from Maturity Group II to V
and including indeterminate, determinate, and semidwarf
growth habits were grown in the field in 1977 and 1978 at
Lexington, Kentucky using conventional cultural practices.”
The study found that nitrogen redistribution does not
appear to be an important factor determining the duration
of seed filling or yield of soybeans. Address: 1. Graduate
research asst., Dep. of Agronomy, Univ. of Kentucky,
Lexington, KY 40546-0091.
2379. Bernard, Richard L. 1982. Re: Major varieties of
vegetable type soybeans: Place and year released, and
ancestry. Letter to William Shurtleff at Soyfoods Center,
May 15. 1 p. Handwritten, without signature (carbon copy).
• Summary: This handwritten table has five columns:
Variety–Maturity Group–Breeder–Year Released–Ancestry.
Kim–III–Iowa State Univ., USDA & Weber–1956–
Richland x Sac-2.
Kanrich–III–Iowa State Univ., USDA & Weber–1956–
Kanro-2 x Richland.
Disoy–I–Iowa State Univ., USDA & Weber–1967–
(Ottawa Mandarin x Kanro) x (Richland x Jogun).
Magna–II–Iowa State Univ., USDA & Weber–1967–
(Ottawa Mandarin x Jogun) x (Ottawa Mandarin x Kanro).
Verde–III–Univ. of Delaware & Crittenden–1967–Aoda
x (Richland x Jogun).
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Kahala–IV–Univ. of Hawaii–1969–(Hawkeye x
FC33243) x Bansei.
Kaikoo–IV–Univ. of Hawaii–1969–(Hawkeye x
FC33243) x Bansei.
Kailua–IV–Univ. of Hawaii–1969–(Hawkeye x
FC33243) x Bansei.
Mokapu Summer–IV–Univ. of Hawaii & J.C.
Gilbert–1969–(Hawkeye x FC33243) x Bansei.
Prize–II–Iowa State Univ. & Weber–Pre-1973–
Unknown.
Emerald–IV–Univ. of Delaware & Crittenden–1975–
Aoda x (Hahto x Kent).
Grande–0–Univ. of Minnesota & Lambert–1976–Anoka
x Magna.
Vinton–I–Iowa State Univ. & Fehr–1977–Hark x
[Provar x (Disoy x Magna)].
Vinton 81–I–Iowa State Univ. & Fehr–1981–(Harosoy x
Higan) x Vinton-5.
This information is published in registration articles in
Crop Science, usually during the year or two after release,
except for the Hawaiian varieties which were announced
in HortScience 5(3):146-49. June 1970. Also described
in Hawaiian Agricultural Experiment Station Report 178
(undated).
Update: 1997 Jan. 1. Dr. Bernard enjoys eating green
vegetable soybeans. When they are fresh, in season, he
freezes large amounts of them in small plastic bags. Then
each day of the year, he pulls one bag out of his freezer, boils
them, and enjoys them for lunch with his sandwich made of
whole-grain bread. He is one of the few soybean breeders
or agronomists who enjoys soyfoods! He does not drink
alcohol, makes a sincere effort to eat a healthy diet, and loves
to dance–sometimes every night. Address: Prof. of Plant
Genetics, Dep. of Agronomy, Univ. of Illinois, Urbana, IL
61801.
2380. Weaver, D.B.; Wilcox, J.R. 1982. Heritabilities, gains
from selection, and genetic correlations for characteristics
of soybeans grown in two row spacings. Crop Science
22(3):625-29. May/June. [23 ref]
• Summary: “This suggests more efficient selection for
seed yield in narrow-row test plots when selection is based
on only 1 year’s evaluation. Genotype x row spacing
interactions for all characteristics were not significant,
and genetic correlations between wide and narrow rows
were approximately 1.0, suggesting that genotypes ranked
similarly for all characteristics in both environments. It was
concluded that there was no penalty for early generation
selection and evaluation in wide-row plots with later
evaluation and production in narrow rows.” Address: 1.
Former graduate asst.; Supervisory Research Geneticist
USDA, ARS, and Prof. of Agronomy, Purdue Univ., W.
Lafayette, Indiana 47907.

2381. Lee, Sang-Hyo; Chung, Dong-Hyo. 1982. [Studies
on the effects of plant growth regulator on growth and
nutrient compositions in soybean sprout]. J. of the Korean
Agricultural Chemical Society 25(2):75-82. June. [34 ref.
Kor; eng]
• Summary: Soybean sprouts treated with plant growth
regulators (IAA and BA) had considerably shorter roots than
the control. Weight and diameter of treated sprouts were
increased by 10-20% and 40% respectively. Crude protein
and fat contents of the treated soy sprouts were higher by
5-10% and 10% respectively than the control. Ascorbic acid
increased by 70% to 38 mg%. Soy sprouts contained 16
amino acids and the treated sprouts contained more arginine,
histidine, lysine, and methionine than the control. The ratio
of unsaturated:saturated fatty acids was about 4.4. Address:
Dep. of Food Technology, College of Agriculture, Chungang Univ., Seoul, 151, South Korea.
2382. Mason, S.C.; Vorst, J.J.; Hankins, B.J.; Holt, D.A.
1982. Standard, cold, and tetrazolium germination tests as
estimators of field emergence of mechanically damaged
soybean seed. Agronomy Journal 74(3):546-50. May/June.
[28 ref]
• Summary: Despite the fact that field emergence was
significantly lower for higher levels of mechanical damage,
“there was no significant effect on seed yield (Table 5).
This was undoubtedly due to the soybean plant’s ability to
compensate for low plant population.” Address: 1. Instructor,
associate prof. of agronomy, Purdue Univ. [Lafayette,
Indiana].
2383. Yost, R.S.; Fox, R.L. 1982. Influence of mycorrhizae
on the mineral contents of cowpea and soybean grown in
oxisol. Agronomy Journal 74(3):475-81. May/June. [28 ref]
• Summary: This experiment was conducted at the Poamoho
Experimental Farm, Island of Oahu, Hawaii. Mycorrhizae
consistently enhance uptake of silicon uptake by soybeans.
Address: Dep. of Agronomy and Soil Science, Univ. of
Hawaii, Honolulu, HI 96822.
2384. INFA. 1982. New strains of soyabean. Times of India
(The) (Bombay). July 3. p. 7.
• Summary: Two new high-yielding Soyabean varieties
have been developed by the Vivekanand Laboratory of
Almora (Uttarkhand state): (1) VL Soya I is a black-seeded
mutant of the well known Bragg variety. Early maturing,
it is suitable for two crops per year under rain-fed [nonirrigated] conditions. (2) VL II Soyabean (Madira) is only
slightly photo-sensitive [largely day-neutral / photoperiod
insensitive], which enables it to be planted “over a wide
range of seeding dates with minimum decline in yield and
without much delay in harvesting time.”
2385. Herridge, David F. 1982. Relative abundance
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of ureides and nitrate in plant tissues of soybeans as a
quantitative assay of nitrogen fixation. Plant Physiology
70(1):1-6. July. [23 ref]
• Summary: “Plant material could be stored at ambient
temperatures (20-30ºC) for up to 24 h without affecting the
relative concentration of ureides and nitrate. It is suggested
that the shoot axis provides the most suitable target organ
when using this technique as a quantitative assay for N2
fixation because of ease of sampling of these tissues,
especially with field-grown plants.” Address: New South
Wales Dep. of Agriculture, Agricultural Research Centre,
R.M.B. 944, Tamworth, N.S. W., Australia, 2340.
2386. Ganry, F.; Diem, H.G.; Dommergues, Y. 1982. Effect
of inoculation with Glomus mosseae on nitrogen fixation by
field grown soybeans. Plant and Soil 68(3):321-29. Oct. [25
ref]
• Summary: These field experiments were conducted at
the ISRA (Institut Sénégalais de Recherches Agricoles)
research station of Sefa, South Senegal, in 1980. Inoculation
with Glomus mosseae was achieved using a new type of
inoculant, alginate entrapped (AE) endomycorrhizal fungus.
In plots fertilized with phosphorus, inoculation with AE
Glomus mosseae increased the harvest index based on dry
weight by 20% and the nitrogen content of the seeds by
17%. Most past experiments, conducted under greenhouse
conditions, show growth increases of soybean in response
to infection by effective strains of vescular-arbuscular (VA)
fungi. Address: 1. ISRA/IRAT, Bambey, Senegal; 2-3.
CNRS/ORSTOM, B.P. 1386, Dakar, Senegal.
2387. Howell, Robert W. 1982. Whither soybean physiology.
Soybean News (NSCIC) 34(1):1, 6. Oct.
• Summary: “Physiology has not been neglected–in fact, it
has been favored–in the dramatic growth of soybean research
in recent years. I estimate from listings in a recent ‘Soya
Bluebook’ of the ASA that there are at least 35 scientists
in the public sector who are physiologists or who concern
themselves with major elements of soybean physiology such
as nutrition or microbiology. There are others in universities,

government, and industry who are not listed in the Bluebook.
By any measure, soybean physiology is now an active field.
“The history of soybean physiology goes back at
least 65 years to the work of Garner and Allard who used
‘Biloxi’ soybeans as one of the three crops with which they
discovered photoperiodism. This discovery was the basis of
the maturity group system which soybean breeders devised
in the late 1930’s. Soybeans have been used frequently by
microbiologists to study symbiotic nitrogen fixation. More
recently, recognition and description of photorespiration
by Ogren and others is largely a product of research with
soybeans. What are the problems and what can be expected
of soybean physiology in the next few years?
“’It’s physiological’ is a frequent explanation for
phenomena or problems that are not understood. Physiology
is about how the system works. Unlike many colleagues,
physiologists are rarely presented with well-defined
production problems, or with clear criteria for success.
Budget proposers and grant seekers are fond of statements
that can be paraphrased, ‘We need to know more about how
the system works in order to fashion a better system.’ It is not
always clear exactly what needs to be learned in physiology,
nor how what is learned will be applied to other research or
to something practical such as a farmer’s problems. It is well
to remember that all progress made to date was achieved
without the information presently sought. History shows,
however, that progress is usually based on discoveries
made in studies of ‘how the system works.’ Examples: soil
fertility, based on 19th century studies of plant nutrition;
weed science, based on studies of plant hormones earlier in
this century; plant breeding on the curiosity of Mendel and
others.
“Physiology research is unlikely to ‘put out fires’, but
may very well ‘provide the hoses’ to do the job. There is a
continuing need for physiology research. Some of the types
of problems that will or should be addressed in a physiology
context in the next few years are discussed below.
“Nutrition/fertilization” This area is important because
it is one which the soybean grower can control or at least
modify. A 40-bushel crop of soybeans removes from the
field about 60 pounds of K20 and a similar quantity of P205.
The percent composition of these materials in the seed is
substantially higher than in corn. Soybeans have a reputation,
deserved or not, of being ‘hard on the land’. Why, then, is
there not a better response to added fertilizer?
“Nitrogen: Nitrogen is discussed separately because of
the symbiotic N-fixing system. Efforts to find more efficient
symbiotic combinations of soybean-bacteria genotypes have
been frustrated by the dominance of bacterial strains already
established in soybean fields. Are the established strains so
dominant just because they got there first, or because their
populations are so much greater than those of introduced
strains, or because they are more suited to the environment?
Why can’t we supplement symbiosis with added nitrogen?

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 737
These are old questions, but they remain unanswered.
“Soybean-bacterial genotype match-ups have been
seen in rare cases. The number may increase as the number
of varieties in commercial production increases. With the
advent of privately-developed varieties, it is less probable
that single varieties will dominate large geographical areas
in the way such varieties as ‘Lee’ and ‘Williams’ have done
in the past. Varieties may be designed for specific situations,
which might include matching soybean and bacteria
genotypes, or for use in combination with applied nitrogen.
“Fruiting/Pod Retention” Yield seems to be wellcorrelated with environmental conditions while the pods
are filling. Thus, if more pods were retained, potential
yield might be greater. I think there is a kind of supply-side
economics at work: pod loss is a response to limited ability
of the plant to provide material to fill the seed. Simply
holding pods on with some sort of ‘biological glue’ is not
likely to solve the problem. But whatever the mechanism,
fruiting/pod retention relates closely to what the farmer
harvests and is therefore an important research area.
“Whole Plant Physiology: This topic should include
‘plant community physiology’. (In an earlier time I would
have simply said ‘ecology’.) Performance of the whole
plant or plant community is not the sum of an easily
described group of individual reactions. There is an ‘outside’
type of physiology that is important. Measurements of
photosynthesis, respiration, or water relations in the field, for
instance, are essential complements to laboratory data. Both
laboratory and field studies are important to understanding
soybeans. The interactions of individuals in the field are so
great that group performance (‘the crop’) is a study in itself.
“Comparative Physiology: ‘Why don’t soybeans
respond (yield) like corn?’ It is a reasonable question. We can
suggest some reasons such as hybrids vs. inbreds, symbiosis,
or photorespiration. There are probably other reasons. Even
those we can name, we cannot fully explain.
“Basic Physiology: It would be shortsighted to think
of soybean physiology only in terms of known production
problems. There are physiological/biochemical processes that
are important because of their place in the life of the plant. At
the risk of omitting something important, I will name some
that I have thought deserve priority. Photosynthesis in green
plants is the basis for all life. Agriculture encompasses the
plant species which are best known and are most important
to humanity, and employs most of the plant research
scientists. Agriculture, therefore, has a special responsibility
for research in photosynthesis. I am proud that soybeans
have achieved an important leadership in photosynthesis
research. Oil and protein are the reasons that soybeans are
so important. Improvements, genetic or physiological, in
both of these components, are desirable. Hormonal controls,
membranes, energy transfer and storage are examples of
areas that deserve research. So are the nucleic acids, and that
leads to my final category.

“Genetic Engineering: The very name suggests wonders
untold. Soybeans have not been a favorite material of genetic
engineers, but interest by some of the companies that are
bringing big money into the field may change that. The
hope or vision is that it will be possible to do things that
are not possible by more conventional means. Can genetic
engineering provide a soybean oil without linolenic acid, a
protein with ample methionine and without anti-nutritional
factors, inter-specific crosses or other routes to pest
resistance, the elusive ‘yield genes’?
“For answers to these and other questions, tune in next
decade.” A small portrait photo shows Prof. Robert W.
Howell.
Note: Prof. Howell’s prediction of “next decade” was
remarkably accurate. Genetically engineered soybeans were
commercialized in 1996. Address: Prof. of Plant Physiology
Emeritus, Dep. of Agronomy, Univ. of Illinois.
2388. Boerma, H.R.; Ashley, D.A. 1982. Irrigation, row
spacing, and genotype effects on late and ultra-late planted
soybeans. Agronomy Journal 74(6):995-99. Nov/Dec. [12
ref]
• Summary: “Abstract: In the southeastern United States
between 25 and 40% of the soybean... hectarage is doublecropped. Information on desirable production practices for
double cropping soybeans after small grains, soybeans, or
corn (Zea mays L.) is limited. The objectives of this study
were to evaluate the effects of late (late June or early July)
and ultra-late (late July or early August) planting dates, 51and 91-cm row widths, irrigated and nonirrigated treatments,
and Maturity Group VII determinate (‘Bragg’) and
indeterminate (Ga76-32 and Ga76-18) genotypes on seed
yield and other plant traits.” Address: 1. Assoc. Prof.; 2. Prof.
of Agronomy: Both: Univ. of Georgia, Athens, GA 30602.
2389. Raper, C. David, Jr. 1982. Plant growth in controlled
environments in response to characteristics of nutrient
solutions. Moffett Field, California: National Aeronautics
and Space Administration (NASA). 103 p. Nov. 28 cm.
Report No. NASA CR-166431. [25 ref]
• Summary: Prepared for Ames Research Center under
NASA Cooperative Agreement NCC 2-1-1. CELSS.
Contains 3 appendixes: 1. Fatty acid composition and
nitrate uptake of soybean roots during acclimation to low
temperatures, by Deanna L. Osmond, Richard F. Wilson, and
C. David Raper, Jr. 2. Assimilation and internal partitioning
of carbon by soybean plants in response to nitrogen stress,
by Thomas W. Rufty, Jr., C. David Raper, Jr., and Stephen
C. Huber. 3. Nitrogen assimilation by soybeans in response
to ammonium and nitrate nutrition, by Thomas W. Rufty, Jr.,
C. David Raper, and William A. Jackson. Address: Dep. of
Soil Science, North Carolina Agricultural Research Service,
North Carolina State Univ., Raleigh, NC 27650.
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2390. Costa, Jose Antonio; Marchezan, E. 1982.
Caracteristicas dos estadios de desenvolvimento da soja
[Characteristics of the stages of soybean development].
Campinas, Sao Paulo, Brazil: Fundacao Cargill. 30 p. [Por]*
Address: Campinas, Sao Paulo, Brazil.
2391. Ganry, F.; Wey, J.; Diem, H.G.; Dommergues, Y. 1982.
Effect of inoculation with Glomus mossae improves nitrogen
fixation by field grown soybeans. Vienna, Austria: AIEA. 17
p. *
2392. IITA. 1982. Soybean production training manual.
Ibadan, Nigeria: International Institute of Tropical
Agriculture. [Eng; Fre]*
• Summary: A basic reference manual for soybean
production at IITA. It covers nutritive quality, botany,
physiology, agronomy, pathology, entomology, breeding,
nematology, harvesting, and storage. Published in English
and French. Address: Ibadan, Nigeria.
2393. Seyedin, Nader; Burris, J.S.; LaMotte, C.E.; Anderson,
I.C. 1982. Temperature sensitivity and hypocotyl breakage
in some anomalous soybean cultivars. Seed Science and
Technology 10:475-83.
2394. Shanmugasundaram, S.; Yen, Chung-Ruey; Toung,
T.S. 1982. Genotypic response to maximum and minimum
input in soybean. In: S.C. Hsieh and D.J. Liu, eds. 1982.
Plant Breeding Proceedings. Taiwan: Agricultural Assoc. of
China, TARI. See p. 157-62. [12 ref]
• Summary: “Abstract: Fourteen soybean genotypes were
evaluated in the spring, summer and autumn seasons under
maximum and minimum management input conditions. The
grain yield was higher in the spring and summer seasons than
the autumn season. Adequate rainfall, higher temperature and
longer photoperiod are probably responsible for high yield
in the spring and summer. AGS 66, AGS 71, AGS 59 and
AGS 144 have genetic high yield potential. Average yield
of soybean in the tropics and sub-tropics can be doubled
either through high yielding genotypes or through efficient
management.
“First and second order interactions between genotypes,
seasons and inputs were highly significant for yield.
Therefore, genotypes adapted to specific seasons, and inputs
need to be selected. Among the genotypes evaluated wide
adaptability is an exception rather than a rule.”
Contents: Abstract. Introduction. Experimental
background. Effect of environmental variation on yield.
Yield differences between genotypes. Effect of maximum
vs. minimum input on yield. Interaction between genotypes,
seasons and inputs.
Figures show: (1) Photoperiodic difference during
three soybean growing seasons at AVRDC. Tables show: (1)
Environmental differences during three soybean growing

seasons. (2) Seed yields of 14 genotypes as influenced by
three seasons [spring, summer, autumn] and two inputs (In
the spring crop, maximum yields were: AGS 144 4,252 kg/
ha. AGS 59 4,174 kg/ha. AGS 68 3,839 kg/ha. AGS 78 3,773
kg/ha. AGS 71 3,715 kg/ha. AGS 66 3,477 kg/ha). (3) Seed
yield of different genotypes as affected by minimum and
maximum input in 1980. Address: AVDRC, P.O. Box 42,
Shanhua, Tainan 741, Taiwan.
2395. Svoboda, Z.; Hruska, L. 1982. Tvorba vynosu semene
na postrannich lodyhach soje [Grain yield formation on
the lateral stems of soyabean]. In: L. Fuciman, ed. 1982.
Sbornik z vedecke konference s mezinarodni ucasti ke 30.
vyroci zaloseni agronomicke fakulty VSZ v Praze. Prague,
Czechoslovakia: Agricultural University of Prague. See p.
351-366. [Cze; rus; eng; ger]*
Address: Vysoka skola zemedelska, 160 21 Prague 6
Suchdol, Czechoslovakia.
2396. Szyrmer, J.; Szczepanska, K. 1982. [Screening of
soybean genotypes for cold-tolerance during germination].
Zeitschrift fuer Pflanzenzuechtung 88:255-60. [Pol]*
Address: Plant Breeding and Acclimatization Inst., Soybean
Lab., Radzikow n. Warsaw, Poland.
2397. Angarita Macias, J.E. 1982. Effect of seed size on
plant development and yield of soybeans. MSc thesis,
University of Florida. 49 p. *
Address: Venezuela.
2398. Asian Vegetable Research & Development Center
(AVRDC). 1982. Soybean. AVRDC Progress Report
Summaries (Shanhua, Taiwan) No. 83-195. p. 2, 27-36. [16
ref. Eng]
• Summary: Contents: Director’s foreword, by G.W. Selleck
(p. 2). The chapter titled “Soybean” (p. 27-36) discusses:
Plant breeding: Evaluation of soybean germplasm, evaluation
of vegetable soybeans, preliminary and intermediate
trials, advanced yield tests, mutation breeding in soybean,
selection for soybean rust tolerance, genotypic responses
for minimum and maximum input in soybean, continuous
cropping of soybeans, techniques to hasten soybean
maturity for generation advance, techniques for determining
soybean seed storability, evaluation of Korean soybeans,
optimum management input for maximum economic yield
in soybean. Pathology: Mycorrhizal population dynamics
in soybean-rice-rice and soybean-soybean-rice cropping
systems, survey of mycorrhizal fungi and Pingtung County,
the effect of cropping systems on vesicular-arbuscular
mycorrhizae inoculum potential under greenhouse
conditions, identification of soybean rust races at AVRDC,
resistance to development of soybean rust, yield of soybean
cultivars under stress from a rust epidemic, the effects of
vesicular-arbuscular mycorrhizae on soybean mosaic virus
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infected soybeans, isolation and characterization of viruses
on soybean in Taiwan, preliminary yield trial of soybean
lines resistant to soybean mosaic virus. Entomology: Study
of beanfly resistance inheritance in soybean, screening
soybean germplasm for resistance to beanfly, evaluation of
insecticides for beanfly control, host range of beanfly species
on common legumes, beet armyworm resistance in selected
soybean accessions, the effect of defoliation on yield and
yield components of soybean, chemical control of beet
armyworm on soybean, confirmation of stinkbug resistance
in PI 227687. Physiology: Effect of weathering on maturing
soybean and mungbean seeds, effect of storage conditions
on germination and vigor of soybean, seed emergence under
anoxia [oxygen free] conditions.
Evaluation: Eight of 42 vegetable soybean accessions
were selected for the first AVRDC Vegetable Soybean
Evaluation Trial (AVSET), to be conducted at multiple
locations in the spring and summer of 1983. In summer
preliminary yield trials (PYTs), five accessions gave yields
of 1.6 to 1.9 tonnes/ha, and 55% of the accessions had the
preferred grey pubescence.
2399. Duval, Marguerite. 1982. The king’s garden.
Translated by Annette Tomarken & Claudine Cowen.
Charlottesville, Virginia: University Press of Virginia. 214 p.
Originally published in 1977 as La Planete des Fleurs by M.
Duval.
• Summary: This book is about the Jardin du Roi founded in
1635. It was later named the Jardin des plants, and in 1789
it was integrated into a new, larger ensemble, the Muséum
d’Histoire Naturelle. The new director, René Desfontaines,
was a fine botanist.
The introduction notes that for more than three centuries
France and Frenchmen dominated the field of plant hunting
and international botanical exchanges. Most of the voyages
of botanical discovery were French-sponsored until Captain
Cook’s first voyage to the Pacific and the establishment
of the Kew Gardens, when England became a serious
competitor for leadership in botanical discovery.
In Jan. 1626 Louis XIII decided to create a royal
plant garden in France, a decision recorded by Parliament
on 6 June 1626. The garden was founded in 1635, when
arrangements were completed. Named the King’s Garden
(Jardin du Roi), the park finally opened its gates in 1640
in Paris. It later came to be called the Jardin des plants–
Muséum d’histoire naturelle. Guy de la Brosse supervised
every detail of the planning and construction, assisted by
Vespasien Robin. In addition to the basic medicinal plants,
many exotic and delicate plants and flowers were introduced
and acclimatized. From the late 1600s onward, the French
botanical school was considered the best in the world, with
its great gardens in both Montpellier (the most ancient
botanical garden in France) and Paris. Though most of
the pure research was conducted at Montpellier, Paris fast

became the chief center of attraction for all plant lovers.
“The French began to drink tea only when Anglomania
struck France in the late eighteenth century. For the time
being they were more interested in the soy bean (Glycine
hispida)... (p. 39).
Chapter 7 (p. 64+) is about the lives and botanical work
of Georges Louis Leclerc, comte de Buffon and Jussieu.
Born in 1707, Buffon was a man of impressive stature and
academic achievements. The year 1739 marked a turning
point in Buffon’s life. Previously he had been “budding
genius lacking an object.” That year he decided to devote
himself to the study of natural history, hoping to do for that
subject what Linnaeus (also born in 1707) was to do for
botany. He fulfilled his dream with the publication of his vast
Histoire naturelle. An illustration (p. 64) shows “Le comte de
Buffon.” The French Revolution marked a turning point in
the history of the King’s Garden. Buffon died in 1788, at the
eve of the turmoil after two years of retirement in Montbard.
Address: France.
2400. Hinson, K.; Hartwig, E.E. 1982. Soybean production
in the tropics. Revision 1, by Harry C. Minor. FAO Plant
Production and Protection Paper No. 4. 222 p. Illust. 28 cm.
No index. (Rome, Italy). Original edition was 1977. [168 ref.
Eng]
• Summary: Contents: Introductory note, by Hazim A. AlJibouri, Senior Officer, Plant Production and Protection
Div., FAO, Rome. Foreword, by William N. Thompson,
Director, International Agriculture, University of Illinois,
Urbana-Champaign. Preface, by Harry Minor, University of
Missouri–Columbia (22 Feb. 1982). Introduction. Botany:
Taxonomy, morphology, Genetic traits of agronomic
importance. Climatic requirements: Temperature, rainfall
patterns, photoperiod response. Soils and soil fertility:
Mineral nutrition (major nutrients, secondary nutrients,
micronutrients, liming), soil management, soil organisms.
Water and management. Varieties and variety development:
Variety adaptation, variety development (germplasm sources,
varietal improvement programs, breeding procedures, how
to make crosses). Cultural practices: Date of planting,
varieties, seedbed preparation (conventional tillage,
minimum tillage, hand labor methods), plating, population
density, pest management (weeds, insects, disease and
nematodes). Nitrogen nutrition and inoculation: Inoculants
and inoculating procedures (slurry method, sprinkle
method, dry or powder method, soil inoculation method),
symbiotic N2 fixation, N fertilization vs. symbiotic fixation.
Diseases and nematodes: Bacterial diseases, fungal diseases,
virus diseases, nematodes, mycoplasmalike diseases.
Insects: Damage from stem feeding insects, damage from
leaf feeding insects, damage from pod feeing insects,
insect control. Harvesting and seed quality: Seed quality
factors (harvest date, seed treatment, location and season
of seed production, varietal differences in seed quality
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characteristics), harvesting (harvesting with combines, other
harvesting methods), drying and handling, seed storage.
Nutritional quality and use: Uses of the soybean in the
East, uses of the soybean in the West, summary. Rotations
and intercropping: Rotations, intercropping. Bibliography.
Address: 1-2. Research Agronomists, USDA; Minor: Assoc.
Prof. of Agronomy, Univ. of Missouri.
2401. Johnson, Richard R. 1982. How high can crop yields
go? Better Crops with Plant Food 66(Winter):3-7.
• Summary: Corn yields began to rise dramatically in the
mid-1930s, with the development of hybrid varieties. Also
discusses the theoretical maximum yield for soybeans.
“Corn grain is high in starch, while soybeans are
much higher in protein and oil. A unit weight of protein
contains more calories of energy than starch. Oil contains
almost twice the energy contained in protein. The higher
energy proteins and oils, in turn, require more of the plant’s
energy for production. The reason: more of the original
photosynthate is used in respiration during the synthesis of
protein and oil. But the final weight yield is less.
“Glucose is one of the products of photosynthesis. It
can serve as an energy and carbon source in the fabrication
of carbohydrate (i.e. starches), proteins and oils. Plant
biochemists estimate that it takes the equivalent of about
1.2 lb of glucose to fabricate one pound of starch. However,
about 2.2 lb of glucose are needed to produce one pound of
protein. And 2.8 lb of glucose are required to produce one
pound of oil. Thus, crops high in protein and oil require
greater rates of respiration to produce the high energy
product.
“Using average carbohydrate, protein, and oil
percentages in corn and soybeans, we can calculate about 97
lb of glucose are required to produce one bushel of soybeans.
About 63 lb of glucose are needed to produce a bushel of
corn. A bushel of soybeans has about 124 million calories
stored in the grain. Only about 90 million calories are stored
in a bushel of corn. So, compared to corn, it takes about 1.5
times as much glucose to produce a bushel of soybeans. But
1.4 times as much energy is stored in soybeans.
“A major reason for soybean yields being lower than
corn is the energy intensive process of producing a high
protein and oil grain. A second reason for lower soybean
yields is the different biochemical pathway associated with
photosynthesis. Besides the normal respiration found in corn,
soybeans have photorespiration. It is an enhanced rate of
respiration that occurs in the light and consumes about 30%
of the products of photosynthesis. Unlike normal respiration,
there is no known benefit of photorespiration. Scientists are
exploring possibilities of reducing or eliminating it. Many of
the crop and weed species producing the highest tonnages of
dry matter lack photorespiration.”
“Respiratory needs of soybeans are greatly different
from corn. The photorespiration will reduce soybean output

to 70% that of corn. And the additional respiratory needs
to produce the bushel of high protein and oil soybeans will
reduce yields by an additional factor of 0.65... On the basis
of energy requirement alone, we might expect soybean yields
to be 46% that of corn (0.7 x 0.65 = 0.46). This would place
a theoretical maximum soybean yield at about 225 bu/acre in
the central Cornbelt.” Address: Staff Agronomist, Deere and
Co. Technical Center, Moline, Illinois.
2402. Postgate, J.R. 1982. The fundamentals of nitrogen
fixation. Cambridge, London, New York, New Rochelle,
Melbourne, Sydney: Cambridge University Press. x + 252 p.
Illust. Index. 23 cm. [50+* ref]
• Summary: Contents: Preface. 1. Dinitrogen fixation and the
nitrogen cycle. 2. The nitrogen-fixing bacteria.
3. Enzymology: Developments up to 1960,
Developments since 1960, The molybdoprotein
(‘Dinitrogenase’), The iron protein (‘Dinitrogenase
reductase’), Reduction of analogues of dinitrogen, Cross
reactions, Stoichiometry, Steric effects, Mode of action of
nitrogenase, Summary.
4. Physiology: General physiology, The oxygen
problem. The hydrogen problem, Electron transport
pathways, Minor physiological problems, Assimilation of
product, Regulation, Regulation by ammonia, Regulation
by nitrate and amino-acids, Regulation by oxygen,
Regulation by molybdenum, Regulation by energy supply,
Consequential regulation of uptake hydrogenase, 5. Genetics:
Genetics of nif in Klebsiella pneumoniae. Genetics of nif in
Azotobacter, Genetics of nif in Rhizobium, Genetics of nif in
Rhodopseudomonas, Genetics of nif in other bacteria.
6. Ecology: The symbioses, The legumes, Actinorhizal
systems, Cyanobacterial associations, Mycorrhizal
associations, Leaf nodule associations, The biocoenoses,
Rhizocoenoses, Phyllocoenoses, Zoocoenoses, The freeliving diazotrophs, Total nitrogen inputs.
7. Origin and evolution: The distribution of diazotrophy,
The evolution of oxygen-excluding mechanisms, Evolution
of ancillary characters.
8. Chemistry and mechanism: The energetic background,
The chemical background.
9. A scheme for nitrogenase action.
The Preface begins: “Nitrogen fixation, as a subject of
scientific research, has made enormous strides in the last two
decades.”
The enzyme nitrogenase catalyzes the biological
process. Among nitrogen fixing systems, there are both
symbiotic associations with plants and free-living bacteria.
So much has changed “since about 1960 that it is no
exaggeration to assert that a revolution has taken place in
our scientific thinking. Understanding of the ecology of
the process has been transformed, whole new classes of
nitrogen-fixing systems have been discovered, and today
nitrogen fixation is becoming quantitatively one of the best
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understood steps in the natural cycling of the biological
elements. It is fair to say that research on nitrogen fixation
has been one of the scientific success stories of the 1960s
and 1970s.” Address: FRS, Prof. of Microbiology, Univ. of
Sussex [England].
2403. Yao, Jeng John. 1982. Effect of soybean maturity on
characteristics of protein and other constituents. PhD thesis,
University of Illinois at Urbana-Champaign. 133 p. Page 671
in volume 43/03-B Dissertation Abstracts International. *
Address: Univ. of Illinois at Urbana-Champaign.
2404. Pfeiffer, N.E.; Malik, Nasir S.A.; Wagner, F.W. 1983.
Reversible dark-induced senescence of soybean root nodules.
Plant Physiology 71(2):393-99. Feb. [29 ref]
• Summary: “Nodule senescence was induced in intact
soybean (cultivar Woodworth) plants by an 8-day dark
treatment. Dark-induced senescence resulted in the
complete loss of acetylene reduction activity, a 67% loss
of total soluble protein, and an almost complete loss in
total leghemoglobin of nodule extracts.” Address: Dep.
of Agricultural Biochemistry, Univ. of Nebraska-Lincoln,
Lincoln, Nebraska 68583-0718.
2405. Dibb, David W. 1983. Agronomic systems to feed the
next generation. Agronomy Journal 75(2):408-12. March/
April. [9 ref]
• Summary: Contents: Introduction. Urgency for higher
yields. Expanding world food needs. Economic necessity
of the farmer. Meeting expanding world food needs: What
is a potential? A maximum yield research approach. A
team approach. Areas of potential breakthrough: Genetic
engineering, rhizosphere technology, plant growth regulators
(PGR), positive interactions, simple interactions can be
significant, complex interactions in the total system, new or
unusual ideas, building agronomic systems to feed the next
generation.
“1. Genetic engineering:... New techniques such as
gene splicing and cloning provide tools that have great
potential for increasing yields, improving adaptation,
disease tolerance, etc., and doing it more rapidly.” Address:
Southeast Director and Latin American Coordinator, Potash
and Phosphate Inst., Atlanta, Georgia.
2406. Soldati, A.; Keller, E.R.; Brenner, H.; Schmid, J. 1983.
Adaptation of soybeans to northern regions: A review of
work conducted at the Swiss Federal Institute of Technology
(1971-1982). Eurosoya No. 1. p. 27-34. Presented at the FAO
Consultation on the “European Cooperative Network on
Soyabean,” Seville, Spain, 5-8 Oct. 1982. [8 ref]
• Summary: Contents: Introduction: Problems of adapting
soybeans to northern regions with special reference to
photoperiod and temperature. Influence of different climatic
conditions on the yield structure of the soybean (Soldati and

Kellner 1977). Effects of the level and the duration of a low
temperature stress on the growth and yield of three coldtolerant and a standard soybean variety (Schmid and Keller
1979 and 1980).
Influence of cold stress and root-shoot grafts on yield
components of soybean genotypes (Brenner and Keller,
1982). Final considerations.
“Day length sensitivity was for a long time considered
a limiting factor for soybean production in Europe, since
delayed flowering often resulted in the failure of the crop
to reach maturity. Identification of insensitive genotypes
and development of day-neutral Fiskeby type material by
Holmberg in Sweden has resulted in remarkable progress
in eliminating the short day (long night) requirement
for flowering in soybean. As a result we believe that the
photoperiodic reaction is no longer a limiting factor for
soybean production in Europe.
“However we do not have sufficient experience on how
photoperiod affects this new variety. Some authors claim
day-neutrality for this new variety, others even suggest
a long-day reaction.” Address: Swiss Federal Inst. of
Technology, Dep. of Crop Science, ETH Zentrum, CH-8092
Zurich, Switzerland.
2407. Soybean Digest. 1983. Bees may help develop hybrid
soybeans. April. p. 52.
• Summary: “Research at the University of Wisconsin shows
yields of open-flowering soybean varieties increased 10% to
15% when honey bees aided plant pollination. But the longterm benefit may be in using honey bees to help develop
hybrid soybean plants that could contribute to boosting
soybean yields by 100% to 150%
“Soybean flowers have been considered self-fertile and
automatically self-pollinating, says Eric Erickson, director
of bee research at Wisconsin. The flowers on some soybean
varieties don’t even open fully to let insects pollinate the
plant, he notes. But soybean flowers, which are less than
a half inch long, still possess floral characteristics typical
of flowers pollinated by insects. Erickson’s field trials
found activity increased yield because of more complete
fertilization and development of more soybeans.”
2408. Bernard, Richard L. 1983. Breeding for soybean
yield and agronomic traits. INTSOY Series No. 25. p. 80-81.
B.J. Irwin, J.B. Sinclair, and Wang Jin-ling, eds. Soybean
Research in China and the United States (College of Agric.,
Univ. of Illinois at Urbana-Champaign). [16 ref]
• Summary: “Improved grain yield per hectare has been
the main goal since formal soybean breeding was begun
in Illinois over 40 years ago. Pest resistance has received
increasing attention in recent years, but most improved
cultivars in the midwestern U.S. are released because of
improved yield. Other agronomic traits in which major
improvement has been made are resistance to lodging and
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shattering, and improved seed quality and composition.
“Because soybeans are planted close together in widely
spaced rows and harvested mechanically, a high degree of
lodging resistance is necessary. Most cultivars will lodge
when growing conditions are good, so further improvement
is sought constantly.
“Delayed harvest, which often occurs in the midwestern
U.S. because of weather, can result in yield loss through
shattering either before or during harvest. Most mid-western
U.S. cultivars have satisfactory shattering resistance, but
attention must be paid to this trait to avoid regression to the
more shattering-prone type. Improvement is being made
in the ability to produce good-quality seeds under adverse
environmental conditions, and the oil and protein content of
potential cultivars is monitored to ensure suitable levels.
“All soybean cultivars now grown in the midwestern
U.S. were developed by artificial cross-pollination followed
by selection until true-breeding lines were obtained. Parent
lines are chosen to combine good traits of one with those
of another or simply to combine two good cultivars with
the hope of producing a better one. Traditional plant-to-row
pedigree selection sometimes is used, but more often bulk
population advance (single-seed or single pod descent) is
used through the early segregating generations (F2 to F5)
since it takes less labor and space. Such bulk populations are
often grown in a winter nursery in the tropics to reduce the
time it takes to produce breeding lines.
“The backcross breeding method adds a simply inherited
trait–such as disease resistance–to an otherwise welladapted cultivar. Advantages of this method are the small
populations necessary, the greater speed of development, the
relatively certain and predictable result, and the minimizing
of yield-testing. We grow two generations in the greenhouse
in the winter, thus getting three per year. Recent cultivars
such as Corsoy 79 and Williams 82 with single genes for
Phytophthora rot resistance, and Will with a single gene for
semi-determinate stem, were developed by this method.
“Observation and selection often is successfully done
in early generations for traits such as time of maturity,
shattering resistance, seed quality, and perhaps even lodging
resistance and yield where differences are very large. At the
F4 to F6 generation (F3 for the backcross method) lines are
bulked and testing begins. Typical yield tests are in fourrow plots (middle two for harvest, 75 cm row spacing), 3
to 5 meters long, although we sometimes measure yield in
an initial screening test in small one-row plots. Testing is
done at several locations in Illinois for two to three years
with early lines (maturity Group II) being tested in the north
and central part, Group III in central Illinois, and late lines
(Group IV and sometimes V) in southern Illinois.
“The best lines are selected and entered in a cooperative
regional ‘Preliminary Test’ of the appropriate maturity group.
These lines are grown at six to eight locations in various
states. After one year, the best lines are advanced to the

‘Uniform Test.’ After two to four years of further testing, the
best ones are released for commercial production. These are
very important tests since they constitute the final testing
before a variety goes to the farmer. They give good data in
a short time on the performance of cultivars under a wide
range of environments since the tests are grown over the
very wide area in which each maturity group is adapted. In
1981 the six tests of the northern Uniform Tests (one test for
each maturity group 00 to IV) had 94 soybean entries (plus
176 preliminary entries), involving 35 researchers in 15 U.S.
states and Canada at 51 locations (seven to 22 locations per
maturity group). Over the last 40 years from these tests and
those in southern U.S. have come most of the successful
commercial cultivars grown in the U.S.
“Discussion: Wang Jin-ling reported on the procedure
for developing and testing new soybean cultivars in Jilin
and Heilongjiang provinces. They use the pedigree method
of breeding to the F4 generation. Preliminary tests are
conducted by each institution with the best lines advanced
to regional tests. The provinces are divided into testing
regions based more on temperature than latitude, especially
in the northern area. They collect data on yield, lodging,
and disease resistance. After two to three years of testing,
the data are reviewed by a committee that determines which
cultivars will be released and where they will be released.
A cultivar must be certified by this committee in order to be
sold.
“Ma Rhu-hwa reported on cultivar testing in the Chang
Jiang (Yangtze) River region. Tests are begun on the local
level with the best selections advanced to provincial tests.
The best lines from several provinces in the River Valley
Region are entered in a cooperative interprovincial testing
program. These results are used to select cultivars for release
and to identify areas where new cultivars are best adapted.
“Zhang Zi-jin gave some history of cultivar development
in China. There are three major soybean growing regions: the
northeast, the Huanghe River valley, and southern China. In
the 1950’s and 1960’s, the three provinces of northeast China
cooperated in regional tests and released many cultivars.
Because the three provinces are at different latitudes, the
cooperative test was discontinued but some cultivars still are
jointly tested. In the other two areas, regional testing was
begun in the early 1960’s. The Ministry of Agriculture is in
the process of reviewing the soybean testing procedure.
“Wang Jin-ling asked about private soybean breeding
companies in the U.S.
“R.L. Bernard responded that probably less than 20%
of the hectarage nationwide is planted to private soybean
cultivars.
“W.R. Fehr stated that private companies in Iowa had
grown faster than in any other state, and their cultivars have
been very successful. Between 35% and 50% of the soybean
hectarage in Iowa is planted to private cultivars.
“Wang Jin-ling asked about the use of blends in the U.S.
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“R.L. Bernard replied that public institutions generally
did not recommend blends but that they were being sold by
some private companies.
“W.R. Fehr added that blends are recommended to help
reduce losses due to iron deficiency chlorosis in Iowa.”
Address: Research geneticist, Univ. of Illinois, Urbana.
2409. Bernard, Richard L. 1983. Soybean germplasm,
breeding, and genetic activities in the United States
(Continued–Document part II). INTSOY Series No. 25. p. 1925. B.J. Irwin, J.B. Sinclair, and Wang Jin-ling, eds. Soybean
Research in China and the United States (College of Agric.,
Univ. of Illinois at Urbana-Champaign). [16 ref]
• Summary: (Continued): “Two dark-seeded types, Peking
from Beijing in 1906 and PI 88788 from Liaoning Province
in 1930, have been used for their cyst nematode resistance.
“These 11 plus three others (one from northeast China,
one selected from a strain from Japan, and one of unknown
origin) comprise the ancestry of all the major cultivars in the
south. Most of the lesser grown cultivars, north and south,
have the same ancestry. Thus fewer than 20 introductions
have given rise to the cultivars now grown throughout the
U.S., although many other introduced cultivars have been
used in the various breeding programs across the U.S. and
Canada.
“The breeding programs that led to today’s commercial
cultivars are a joint USDA-state experiment station effort
that began in 1936 with the establishment of the U.S.
Regional Soybean Laboratory (USRSL) at Urbana, Illinois.
Under the directorship of J.L. Cartter and later R.L. Cooper,
the USRSL coordinated a regional testing program of
federal, state, and Canadian soybean breeders, pathologists,
entomologists, and physiologists working to develop
commercial soybean cultivars. The public soybean breeding
program has grown from a small group of less than 12 fulltime soybean breeders in the 1950’s to 72 in the latest listing
of public soybean breeders and geneticists in the U.S. and
Canada. To this group has been added, mostly during the
past ten years, some 60 professional breeders working for
approximately 26 private seed companies. All are actively
engaged in developing improved cultivars for the American
farmer.
“The cooperative regional testing program among public
breeders has been an important factor in the development
of well-adapted cultivars. There is a regional test for
each maturity group, and each breeder enters his best
experimental lines. By testing in a large number of locations
widely scattered from east to west over the latitude where
the maturity group is adapted, cultivars are selected that are
well suited to the changeable weather conditions that occur
from year to year. From this testing program have come
all public cultivars now grown on over 80% of the U.S.
hectarage. The testing is coordinated in the south by E.E.
Hartwig, Stoneville, Mississippi, and in the north by J.R.

Wilcox, Purdue University, West Lafayette, Indiana, and
involves some 50 researchers in 29 states and two provinces
in Canada.
“Breeding objectives vary somewhat from region to
region. Direct selection for improved yield, aside from
any pest resistance or morphological differences, has been
perhaps the most important advancement of present-day
cultivars over the introduced cultivars. Other traits that
have been markedly improved are lodging resistance, which
allows soybeans to be grown in higher populations and
close together in widely spaced rows to facilitate tractor
cultivation; shattering resistance, which allows the ripe
soybeans to stand in the field without loss until the weather
is right for mechanized harvest and also reduces combine
losses; and improved seed quality, which facilitates the
production of good, sound, and germinable seed even
under conditions of adverse heat, drouth, and disease.
Some improvement in oil content has been achieved, but
because oil and protein content are strongly and negatively
correlated, there is less effort in recent years to increase oil.
Potential cultivars are tested to be sure there is no decrease in
the combined value of oil and protein.
“Major improvements have been made in pest and
disease resistance, especially in recent years. The ancestral
cultivars chosen in this country had moderate levels of
resistance to such common diseases as bacterial blight
(Pseudomonas syringae pv glycinea (Coerper) Young)
and soybean mosaic virus. Many introduced cultivars are
susceptible to potato leafhopper (Empoasca fabae (Harr.))
damage because they do not have erect pubescence. Thus,
erect pubescence was indirectly favored in the initial
selection of cultivars and is present in all U.S. cultivars
today.
“One of the earliest breeding programs for disease
resistance used a gene for resistance to bacterial pustule
(Xanthomonas campestris pv phaseoli Smith (Dye)) found in
the cultivar CNS. Most introductions are susceptible to this
common disease, but today all southern cultivars and many
grown in the southern part of the north-central states contain
this CNS resistance. Phytophthora root rot (Phytophthora
megasperma (Drechs) sp. glycinea) has caused major
soybean losses in the past but today is controlled in part
by resistant cultivars. Many races of the pathogen were
discovered in recent years but resistance has been found
to each, and breeding programs are under way to combine
as many genes for resistance as possible into each new
cultivar to combat this multitude of races. Brown stem rot
(Phialophora gregata (Allington and Chamber.) Gams) is
one of the more common diseases of soybeans, especially
when soybeans follow soybeans in the rotation. Several
cultivars specifically bred for resistance have recently
been released in the north. In the south nematodes have
been a problem, and cultivars bred for root-knot nematode
(Meloidogyne spp.) resistance have been important in some
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areas. More recently soybean cyst nematode (Heterodera
glycines Ichinohe) has become a widespread problem, and
several resistant cultivars have been released and are rapidly
occupying a major part of the soybean hectarage in the south.
“In the future, soybean pests and diseases will likely
be an even more important factor in soybean production.
Soybean breeders will be putting more emphasis on
increased cultivar resistance and will be selecting for
multiple resistance to different races and types of diseases.
“Breeders constantly are looking for the traits
that contribute to improved yield. Because of the low
heritability of yield, selecting for component traits rather
than directly for yield might improve breeding efficiency.
Unfortunately, except for pest and disease resistance, no
helpful physiological or morphological traits have been
found. The length of the pod-filling period is being studied
by some researchers since it has been noted that our adapted
high-yielding cultivars have longer periods of flowering-toripening than most soybeans. Studies of photosynthetic rate
difference and other physiological processes have not yet
demonstrated useful ways of improving yield. Pubescencetype differences are important because of their effect on
insect resistance. Narrow leaflet types are grown to some
extent, but this leaf type does not appear to affect yield.
Improved lodging resistance is an important goal which
has been achieved through both shorter plants and stronger
stems.
“Stem type is a major factor affecting the growth of
the soybean plant. In the northern U.S. almost all cultivars
(Group IV and earlier) have indeterminate stem growth and
all southern ones (Group V and later) have determinate stem
growth. This is probably in part an adaptation to the climate
of the regions; indeterminate types tend to promote needed
stem growth in the cooler, shorter season of the north and the
determinate type restricts excessive growth in the warmer
and longer season of the south.
“Nevertheless there has been some success with an
indeterminate cultivar in the south for late planting after
wheat harvest, and several short determinate cultivars have
been recently released in the north. These have had excellent
yields under some conditions but tend to have problems
when growing conditions are adverse. An intermediate type
called ‘semi-determinate’ also is being considered, and one
such cultivar was released in Illinois and nearby states in
1979.
“Improvement in yield through improved soybean
cultivars has been slow but steady over the past 40 years.
No slowdown has yet occurred and presumably further
improvement is possible working with the rather narrow
base of just 20 ancestral cultivars. A major problem for
the breeder is how to effectively use the large number of
germplasm lines and find sources for further improvement.
A preliminary evaluation and description of each germplasm
entry is made at Urbana and Stoneville. Cooperative efforts

among public and private breeders to further evaluate the
yield potential of introductions is under way. It seems likely
that, at least in the near future, U.S. cultivars will continue
to be based mostly on the same germplasm as in the past
with gradual additions of a few specific traits such as pest
resistance, improved seed composition, or better plant
growth traits selected from the large germplasm collection.
Advances in the future will be more difficult than in the
past, but with the large number of specialists working on
the problem the prospects are bright for considerable further
improvement in soybean production through improved
cultivars.”
Tables: (1) A statistical history of soybean introduction,
1898-1980, by decade. (2) Number of strains in the USDA
germplasm collection, by country of origin (1900-1980).
(3) Ancestry of major soybean cultivars, north-central U.S.,
1980. (4) Ancestry of major soybean cultivars, south-central
U.S., 1980. Address: Univ. of Illinois, Urbana.
2410. Howell, Robert W. 1983. Historical development of
the United States soybean industry (Continued–Document
part II). INTSOY Series No. 25. p. 11-15. B.J. Irwin, J.B.
Sinclair, and Wang Jin-ling, eds. Soybean Research in China
and the United States (College of Agric., Univ. of Illinois at
Urbana-Champaign). [8 ref]
• Summary: (Continued): Prompt response, notably by
pathologist A.F. Schmithenner of Ohio State University,
breeder R.L. Bernard (USDA), and pathologist M.J.
Kaufmann at Illinois, led to discovery of genetic resistance
which was incorporated by backcrossing to produce resistant
cultivars of good agronomic quality. The first such cultivars
were released in 1963. Additional races of Phytophthora
megasperma f. sp. glycinea have appeared but the disease
has been adequately controlled.
“A more dramatic case involved the soybean cyst
nematode. First identified in North Carolina in 1954, the cyst
nematode soon was discovered in the Mississippi Delta. It
is now known to be distributed in soybean production areas
from the Gulf of Mexico almost to the Canadian border.
Resistance to races 1 and 3 of the nematode was discovered
in the cultivar Peking, which was introduced into the U.S. in
1906. Resistance involved a complex of several genes, one
of which was linked closely to the gene for black seed coat,
a trait unacceptable in the U.S. soybean market. However,
intensive research by C.A. Brim and J.P. Ross (North
Carolina), A.L. Matson and L.F. Williams (Missouri), J.M.
Epps (Tennessee), E.E. Hartwig (Mississippi), and others
resulted in the first commercially acceptable resistant cultivar
in 1967, and others followed. However, additional races of
the nematode were identified. Cultivars with resistance or
tolerance are available in maturity groups for which the cyst
nematode is a problem.
“Research on weed and insect control in soybeans was
slower to develop. In the early 1960’s, there was a significant
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increase in weed research. During the following decade,
improved weed control methods probably contributed more
than any other single factor to improvement in soybean
yields. Increased emphasis on insect control research is very
recent, reflecting awareness of the seriousness of insect and
disease losses, especially in the southern states, and the
opportunities for effective and safer insect control through
integrated pest management. Integrated pest management
is a coordinated system of chemical, physical, and cultural
pest control measures that will ensure favorable economic,
sociological, and environmental consequences.
“Plant physiologists have worked with soybeans for
many decades. The pioneering work of H.A. Allard and
W.W. Garner on photoperiodism in the second decade of
this century included soybeans as one of the three crops
studied. Their work and later studies on photoperiodism
by H.A. Borthwick, S.B. Hendricks, and M.W. Parker
led to identification of phytochrome and were the basis
for the maturity group system. Soybean physiology did
not become a subject of widespread interest until about
1960. Since that time, the number of physiologists and the
scope of physiological research have expanded rapidly.
W.L. Ogren (USDA/UIUC) and his associates have made
major contributions to the understanding of photosynthesis,
especially photorespiration, a process occurring in noncereals
and some cereals that drains the plant of some of the product
of photosynthesis. The existence of photorespiration is
a major biochemical difference between soybeans and
maize, effectively limiting soybean production potential to
something less than that of maize.
“Some proposed uses of soybeans have not succeeded.
Use as a raw material for production of plastics has been
mentioned frequently. About 1940, Henry Ford used plastics
made from soybeans to build auto bodies. The bodies were
highly resistant to damage, but other raw materials such as
petro-chemicals were more economical than soybeans at the
time.
“Meanwhile, research expanded on uses of soybeans
at the USDA laboratory in Peoria, in universities, and in
industrial laboratories. At Peoria, a strong utilization research
group developed under the leadership of J.C. Cowan. Others
who have made significant contributions included H.J.
Dutton, J.J. Rackis, A.K. Smith, and W.J. Wolf. Research
on food uses at UIUC began in 1930. Similar studies were
undertaken elsewhere. The great development of soybeans
in the U.S. has been based on oil extraction, followed by
uses of oil and oilmeal. Soybean oil is used mostly in food
products, 95% of domestic use being salad oils, shortenings,
and foods prepared with them. The oilmeal, high in wellbalanced protein, is used in poultry and livestock feeds.
Only 3% is used to manufacture industrial or human food
products. In recent years, soy protein has been used to create
products which simulate other foods in texture, appearance,
and other qualities.

“For many years there has been interest in soyfoods
such as tofu, whey, cheese, and meat analogues, especially
in international programs and for vegetarians. Recently,
a number of soy beverage products were developed by a
team including A.I. Nelson, M.P. Steinberg, and L.S. Wei of
UIUC. Interest in soyfoods seems to be increasing. A number
of small companies and individuals who are interested in
soybean food use have formed the Soycrafters Association,
Colrain, Massachusetts. They are active in disseminating
information on use of soybeans as a human food, including
traditional oriental food and western dishes.
“A key to the continued expansion of soybeans has been
the parallel development of uses, markets, and products. In
the beginning, U.S. soybeans were grown as a hay crop. The
first production of soybean oil and meal in the U.S. occurred
in 1911 in Seattle, Washington, with the soybeans imported
from northeast China. The earliest record of processing
of American-grown soybeans for oil and meal was at
Elizabeth City, North Carolina, in 1915. Since 1941 soybean
production primarily has been for processing and export, and
hay use now is less than 1% of total production.
“Farmers need assurance of a market if they are to
become interested in a new crop. In the early days of
commercial soybean production, this assurance was given by
a few pioneering processors. In 1922, A.E. Staley, founder
of the company which today has oil and meal extraction
facilities in Champaign and Decatur, Illinois, and elsewhere,
announced that he would begin processing soybeans that
year. He guaranteed that he would buy all the soybeans that
farmers would grow. Not long after, E.D. Funk, of Funk’s
Seeds in Bloomington, Illinois, offered a guaranteed price.
Another pioneer was D.W. McMillen of Fort Wayne, Indiana,
founder of Central Soya, a major processor of soybeans.
“The decision of these and other business leaders to
commit themselves and their organizations to soybeans,
and especially their assurances to farmers, started soybeans
on the tremendous expansion of the last 60 years. These
steps could not have succeeded if the processors had not
had markets for their products. One such early market was
in New York, where the Grange League Federation needed
meal for dairy cows. In subsequent years, swine and poultry
feed has used a major fraction of soybean meal production.
It is unlikely that the expansion of the U.S. poultry industry
would have occurred without feeds based on soybeans.
“From the small beginnings of soybean processing in
Seattle and Elizabeth City, a strong and extensive system
of soybean mills developed. The mills have become larger
and somewhat fewer. There are now about 115 mills listed
in Soya Bluebook, a publication of the American Soybean
Association. A modern mill can process 2,700 metric tons
of soybeans per day, requiring the production from nearly
90,000 hectares annually. Median capacity is 1,257 metric
tons per day. Although soybean processing still is referred
to as “crushing,” the transition from extraction by hydraulic
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presses to solvent extraction was completed by 1970. Parallel
to development of the milling industry was development of
facilities for transportation, storage, and futures markets.
“Establishment of the American Soybean Association in
1921 has been mentioned. The secretary of the association
from 1940 until 1967 and the founder of the Soybean
Digest in 1940 was G.M. Strayer of Hudson, Iowa. He
was instrumental in guiding the soybean industry into
foreign markets. In 1949 he and J.L. Cartter were the first
people to be sent to Europe to explore possible markets
for U.S. soybeans. After a trip to Japan in 1955, the
Japanese-American Soybean Institute was formed in 1956”
(Continued). Address: Prof. Emeritus and former head, Dep.
of Agronomy, Univ. of Illinois, and former leader, soybean
investigations, USDA.
2411. Hymowitz, Theodore. 1983. Germplasm collection,
management, and evaluation: The subgenus Glycine.
INTSOY Series No. 25. p. 69-70. B.J. Irwin, J.B. Sinclair,
and Wang Jin-ling, eds. Soybean Research in China and the
United States (College of Agric., Univ. of Illinois at UrbanaChampaign).
• Summary: “The genus Glycine Willd. is composed of
two subgenera, Glycine and Soja (Moench) F.J. Herm. The
soybean, G. max (L.) Merr., and its wild progenitor G. soja
Sieb. and Zucc., together make up the subgenus Soja. Both
species are annual and diploid with 2n=40, and hybridization
between them can be readily effected. Together they form the
primary gene pool of the cultivated soybean.
“The subgenus Glycine comprises seven wild perennial
species: Glycine canescens F.J. Herm., G. clandestina
Wendl., G. falcata Benth., G. latifolia (Benth.) Newell and
Hymowitz, and G. latrobeana (Meissn.) Benth. are diploids
(2n=40) native to Australia; G. tabacina (Labill) Benth. is
predominantly tetraploid (2n=80) with occasional diploids,
and distributed in Australia, Taiwan, and the Ryukyu Islands
[Japan], as well as several countries in the South Pacific;
and G. tomentella Hayata represented by tetraploid (2n=80)
forms in China (Taiwan), the south coast of China and
northern Philippines, and diploid, tetraploid, and aneuploid
(2n=38, 40, 78, 80) forms in Australia. From a taxonomic
standpoint the members of the subgenus Glycine also are
candidates for gene exchange with the soybean, and therefore
potentially useful for broadening the germplasm base of the
crop.
“Preliminary investigations have shown that the
perennial species carry resistance to diseases such as
soybean rust, yellow mosaic virus, and powdery mildew.
Physiological traits exhibited by perennial material such as
drought tolerance, salt tolerance, and day neutrality also may
be of potential use.” Address: Prof. of Plant Genetics, Univ.
of Illinois at Urbana-Champaign.
2412. Trimble, M.W.; Fehr, W.R. 1983. Mixtures of soybean

cultivars to minimize yield loss caused by iron-deficiency
chlorosis. Crop Science 23(4):691-94. July/Aug. [9 ref]
• Summary: “The yield of soybeans... grown on some
calcareous soils can be significantly reduced by irondeficiency chlorosis, hereinafter referred to as iron
chlorosis.”
“Productivity of fields planted to a seed mixture,
resistant cultivar, or susceptible cultivar depends on
the percentage of calcareous area in the field, the yield
difference between the resistant and susceptible cultivars on
noncalcareous soil, and the level of chlorosis susceptibility
for the cultivars being considered. Procedures are discussed
for calculating when a cultivar or a mixture would be most
productive.” Address: 1. Graduate Research Assistant; 2.
Prof. Both: Dep. of Agronomy, Iowa State Univ., Ames, IA
50011.
2413. Wang, Jinling. 1983. Ecological distribution of
soybean cultivars in China. INTSOY Series No. 25. p. 26-31.
B.J. Irwin, J.B. Sinclair, and Wang Jin-ling, eds. Soybean
Research in China and the United States (College of Agric.,
Univ. of Illinois at Urbana-Champaign). [9 ref]
• Summary: An extremely interesting paper, filled with new
information.
Contents: Introduction. Ecological geography of growth
period of soybeans in China. Ecological distribution of seed
size. Ecological distribution of pod-bearing characteristics.
Chemical quality (ecological distribution of soybean protein
and oil content). Disease and insect resistance. Seed coat and
pubescence color.
Figures show: (1) Map of “Soybean production regions
in China,” with latitude lines (every 5 degrees from 20º
to 50º) superimposed. Major rivers are shown, but no
provinces.
Tables show: (1) Photoperiodic response of soybean
cultivars sampled from different latitudes in China (Wang
et al. 1956). (2) Classification of growth period of Chinese
soybeans (Wang, 1980). (3) Yield performance of different
maturity types of soybeans at Zhanjiang, Guangdong
province, 1981.
(4) Ecological distribution of pod-bearing characters
of Chinese soybeans (in the Harbin district, 87.0% are
indeterminate and 13.0% are determinate). (5) Oil content of
soybean from different localities of China and their variation
under different date of seeding at Wuhan (Wang, 1979) (the
highest oil content, up to 25.9%, is found in the Northeast).
(6) Iodine content of soybean oil in relation to latitude N
(Ting, 1957) (The higher the latitude, the higher the iodine
content).
(7) Geographical distribution of soybean seedcoat color
in China (in Central and north part of Northeast, soybean
seed coats are 93% yellow [from Japanese influence], 2%
green, 2% black, and 3% brown or bicolored. In North
Shanxi and Shaanxi province: 10% yellow, 0% green, 85%
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black, and 5% brown and bicolored, etc.). Address: Northeast
China Agricultural College, China.
2414. Staswick, Paul E.; Broué, Paul; Nielsen, N.C. 1983.
Glycinin composition of several perennial species related to
soybean. Plant Physiology 72(4):1114-18. Aug. [13 ref]
• Summary: “The 7S and 11S seed storage proteins from
four perennials related to soybean (Glycine canescens, G.
tomentella, G. tabacina, and G. clandestina) were analyzed
by sodium dodecyl sulfate-gel electrophoresis. Each species
yielded a unique electrophoretic pattern that varied in the
total number of bands and their relative mobilities.” Address:
1, 3. USDA, ARS, Dep. of Agronomy, Purdue Univ., West
Lafayette, Indiana 47907.
2415. Chen, F.C.; Chen, L.F.; Hwang, T.H.;
Shanmugasundaram, S. 1983. Bibliography of tropical and
subtropical soybean: 1970-1982. Asian Vegetable Research
and Development Center, P.O. Box 42, Shanhua, Tainan
741, Taiwan. v + 123 p. 28 cm. AVRDC Tropical Vegetable
Information Series, SB-1. [1125 ref. Eng]
• Summary: The references, which are not annotated, are
divided into 14 subjects. The first section (53 references) is
general information. Ten sections (979 references; 87.0% of
the total) concern soybean production, physiology, breeding,
harvest, and storage. Three of these (93 references; 8.3%
of the total) concern soybean processing, economics and
marketing, nutritive value and utilization. There are good
subject and author indexes. Address: 1. Catalog Librarian;
2. Principle Research Asst., Legume Program; 3. Librarian;
4. Program Leader and Plant Breeder, Legume Program:
AVRDC, Shanhua, Taiwan.
2416. Summerfield, R.J.; Roberts, E.H. 1983. The soyabean.
Biologist (London) 30(4):223-31. Sept. [35 ref]
• Summary: Contents: Introduction. Soyabeans as a world
crop. Classification, germplasm, and utilization. Self
sufficiency for nitrogen? The plant. Time of flowering and
adaptation to environment. Yields. Utilization in teaching
and research. Prospect. Acknowledgements. Address:
Univ. of Reading, Dep. of Agriculture and Horticulture,
Plant Environment Lab., Shinfield Grange, Cutbush Lane,
Shinfield, Reading, Berkshire, England.
2417. Hillyer, Greg. 1983. Twenty years from today. Soybean
Digest. Sept/Oct. p. 4.
• Summary: Highlights of Project 2002, and industry-wide
survey of soybean growers concerning long-term issues and
forecasts, sponsored by Elanco and the American Soybean
Assoc. By the year 2002: World demand for soybeans is
projected to be 7 billion bushels. U.S. soybean production
could double over the next 20 years to 4.2 billion bushels.
“Narrow rows, more productive varieties, better herbicides,
new plant growth regulators and grower education will

contribute to higher yields.” U.S. soybean acreage could
increase to 100 million acres, from the current 72 million.
Competition for the soybean markets will intensify,
primarily from Brazil and Argentina, and from other
oilseed crops such as rapeseed, sunflower, and palm. Soil
conservation will become increasingly important.
Recommendations include: “(1) Resist government
control–trade restrictions or sanctions, acreage controls,
soybean reserve policies and guaranteed prices; (2) Increase
exports into emerging livestock economies; (3) Explore
new export opportunities with current customers; (4)
Aggressively promote farmer-designed soil erosion policies.”
Address: Editor.
2418. Eskew, David L.; Welch, R.M.; Cary, E.E. 1983.
Nickel: An essential micronutrient for legumes and possibly
all higher plants. Science 222(4624):621-23. Nov. 11. [19
ref]
• Summary: “Soybean plants deprived of nickel accumulated
toxic concentrations of urea (2.5 percent) in necrotic lesions
on their leaflet tips. This occurred regardless of whether
the plants were supplied with inorganic nitrogen or were
dependent on nitrogen fixation. Nickel deprivation resulted
in delayed nodulation and in a reduction of early growth.
Addition of nickel (1 microgram per liter) to the nutrient
media prevented urea accumulation, necrosis, and growth
reductions. This evidence suggests that nickel is essential
for soybeans and possibly for higher plants in general.”
Address: 1. Dep. of Agronomy, Cornell Univ., Ithaca, New
York 14853, present address: International Atomic Energy
Agency, Wagramerstrasse 5, Post Office Box 200, A1400
Vienna, Austria; 2-3. USDA, Plant, Soil, and Nutrition Lab.,
Agricultural Research Service, Ithaca, New York 14853.
2419. Simpson, A.M., Jr.; Wilcox, J.R. 1983. Genetic and
phenotypic associations of agronomic characteristics in four
high protein soybean populations. Crop Science 23(6):107781. Nov/Dec. [21 ref]
• Summary: “The data indicated that group IlI or group IV
strains combining high seed yield and protein content could
be readily obtained from the populations studied. Adverse
associations of lodging with both yield and protein were not
strong enough to seriously interfere with the development
of high yielding, high protein strains with adequate lodging
resistance.” Address: 1-2. Purdue Univ. Agric. Exp. Station
and Dep. of Agronomy, Purdue Univ., W. Lafayette, Indiana
47907.
2420. Niwa, Masaru; Schapovaloff A., Antonio; Feliciano
Bogado B, F. 1983. Photoperiodic response of soybean
varieties in Paraguay as revealed by different sowing times.
Ikushugaku Zasshi (Japanese J. of Breeding) 33(4):395-403.
Dec. 1. [7 ref. Eng; jap]
• Summary: “Sixteen soybean varieties were sown on 8
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different sowing times from Sept. 30 to Feb. 5 through
1981 to 1982 in the field of Regional Center of Agricultural
Research, Paraguay. The mean day length during the period
from sowing to flowering was the longest when the plants
were sown in Nov. The largest number of stem nodes was
realized also by sowing in Nov. The increasing rates of
the node number owing to the photoperiod were estimated
by means of the exponential regression to compare the
varietal difference in the photosensitivity for flowering. Two
varieties which were adaptable to early sowing exhibited
the lower photosensitivity than the others. The later was
the sowing time, the shorter became the period from
flowering to maturity due to decrease of the mean day length
during maturation. The limits of optimum photoperiod for
maturation as well as the retardation rates of maturation
with excessive photoperiod were estimated for each of the
varieties by means of the linear regression. A tendency was
observed that later varieties had longer limit of the optimum
photoperiod and higher rate of the retardation of maturation
with the excessive photoperiod. When the plants were sown
early, the pod setting of late varieties was delayed probably
due to long photoperiod at the time of flowering.” Address:
1. Faculty of Agriculture, Univ. of Tokyo, Tokyo 113, Japan;
2-3. Regional Center of Agricultural Research, Capitan
Miranda, Paraguay.
2421. Baldocchi, Dennis D.; Verma, S.B.; Rosenberg, N.J.
1983. Characteristics of air flow above and within soybean
canopies. Boundary Layer Meteorology 25(1):43-54. *
2422. Xu, Bao; Lu, Qinhua. 1983. [Soybean ecology.
I. Effect of photoperiod and day/night temperature on
development of wild soybean in China]. Dadou Kexue (W.G. Ta Tou K’o Hsueh; Soybean Science, China) 2(3):155-68.
[Chi]*
Address: Jilin, China.
2423. Dathe, Wilfried; Lopez, Reynaldo; Sembdner, Gunther.
1983. Presencia, metabolismo y funcion de las fitohormonas
durante la floracion y fructificacion en leguminosas de
grano, especialmente en la soya [The presence, metabolism,
and function of phytohormones during flowering and
fructification of grain legumes, especially soybeans].
Havana, Cuba: Academia de Ciencias de Cuba. 52 p. 24 cm.
[224 ref. Spa; ger; eng]
• Summary: This review summarizes the literature on
indigenous plant hormones (gibberellins, cytoquinins,
auxins, ethylene, abscisic acid, and other growth inhibitors)
isolated, with their structures elucidated, from flowers and
fruits of the different leguminous species. “The pattern
and localization of the biosynthesis and metabolism of all
native hormone components are discussed with respect to
their possible function in the regulation of the flowering
processes.” In addition, the knowledge of fruit abscission in

legumes and on the monocarpic senescence, especially in
soybean, is presented. Address: 1, 3. Institut fuer Biochemie
der Pflanzen, Halle, Germany; 2. Instituto de Investigaciones
Fundamentales en Agricultura Tropical Alejandro de
Humboldt, Academia de Ciencias de Cuba.
2424. EMBRAPA–Empresa Brasileira de Pesquisa
Agropecuária. 1983. Bibliografia internacional da soja
Glycine max L. Merrill [International bibliography of
soybeans. 3 vols.]. Brasilia, DF, Brazil: EMBRAPA,
Departamento de Difusao de Tecnologia (DDT). 2,390 p.
28 cm. Author and subject indexes. Price: $175. [19571 ref.
Eng]
• Summary: The first two volumes (1603 p.) contain 19,571
references under 75 sections. Each reference, which is
written entirely in uppercase letters, lists the main keywords
after the title. Thus, for example, the first line of reference
08718 reads as follows: “Soybean quality change and its
influences on food processing. Keywords: temperature
humidity deterioration germination protein solids yield
natto tofu aburage milk. The second line lists the authors as
follows: Ohta T, Takano K, Nikkuni I, Hashizume K, Saio K.
Line 3 contains the abbreviated journal title (ISO standard),
a 2-letter abbreviation of the original language of the article,
followed by the volume number and reference number as
originally published in Biological Abstracts (BIOSIS).
The third volume (unpaginated, about 795 pages)
contains an author index and a subject index. The latter is
based on keywords. Suppose we were looking in the subject
index for references concerning tofu. Looking alphabetically
under tofu, the record described above would appear as
follows (on one in all uppercase letters): “ein solids yield
natto tofu aburage milk
Soybean quality” The subject index lists 20 references in
which tofu is a keyword.
This bibliography, concerns mostly soybean production
rather than utilization, but there are 1,584 references
on soyfoods, all published since 1970. No abstracts are
included. Price: $175.
The 75 section/subject headings are: Aerospace and
underwater biological effects. Agronomy. Allergy. Animal
production (includes fur-bearing animals). Bacteriology,
general and systematic. Behavioral biology. Biochemistry.
Biophysics. Blood, blood-forming organs and body
fluids. Bones, joints, fasciae, connective and adipose
tissue. Botany, general and systematic. Cardiovascular
system. Chemotherapy. Chordata, general and systematic
zoology. Cytology and cytochemistry. Dental and oral
biology. Developmental biology-embryology. Digestive
system. Disinfection, disinfectants and sterilization.
Ecology (environmental biology). Economic botany.
Economic entomology (includes chelicerata). Endocrine
system. Enzymes. Food and industrial microbiology. Food
technology (non-toxic studies). Forestry and forest products.
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General biology. Genetics of bacteria and viruses. Genetics
and cytogenetics. Gerontology. Horticulture. Immunology
(immunochemistry). Immunology, parasitological.
Integumentary system. Invertebrata, comparative and
experimental studies. Invertebrata, general and systematic
zoology. Laboratory animals. Medical and clinical
microbiology (includes veterinary). Metabolism. Methods,
materials and apparatus, general. Microbiological apparatus,
methods and media. Microorganisms, general (includes
protista). Morphology and anatomy of plants (includes
embryology). Morphology and cytology of bacteria.
Muscle. Neoplasms and neoplastic agents. Nervous system
(includes sense organs). Nutrition. Palynology. Parasitology
(includes ecto- and endoparasites). Pathology, general and
miscellaneous. Pediatrics. Pest control, general (incl. plants
and animals, pesticides, herbicides). Pharmacognosy and
pharmaceutical botany. Pharmacology. Physiology and
biochemistry of bacteria. Phytopathology. Plant physiology,
biochemistry and biophysics. Poultry production. Psychiatry.
Public health. Radiation biology. Reproductive system.
Respiratory system. Sense organs, associated structures and
functions. Social biology (includes human ecology). Soil
microbiology. Soil science. Temperature: Its measurement,
effect and regulation. Tissue culture, apparatus, methods and
media. Toxicology. Urinary system and external secretions.
Veterinary science. Virology, general. Address: Brasilia, DF,
Brazil.
2425. Greene, Edward Lee. 1983. Landmarks of botanical
history. 2 vols. Edited by Frank N. Egerton. Stanford,
California: Stanford University Press. 1139 p. A publication
of the Hunt Institute for Botanical Documentation, CarnegieMellon University. [1420* ref]
2426. Hadley, P.; Summerfield, R.J.; Roberts, E.H. 1983.
Effects of temperature and photoperiod on reproductive
development of selected grain legume crops. In: D. Gareth
Jones & D.R. Davies, D.R., eds. 1983. Temperate Legumes:
Physiology, Genetics and Nodulation. London & Boston,
Massachusetts: Pitman. 442 p. See p. 19-41. Illust. 25 cm.
Pitman Series in Applied Biology. [32 ref]
• Summary: Page 19: “Whether or not grain legumes make
the most productive use of the growing season available
depends to a large extent on when they come into flower,
the number of nodes which become reproductive, whether
their growth habit is determinate or indeterminate and,
related to this morphological distinction, on the synchrony
or otherwise of fruit growth in different climatic and edaphic
conditions. For example, when they are planted at latitudes
further south, determinate soyabean gentotypes well-adapted
to northern latitudes in the USA are induced to flower too
early and, because they are determinate, cannot exploit the
longer growing season. Conversely, indeterminate genotypes
well-adapted to the south are delayed in flowering (by the

longer days and cooler temperatures) when planted in the
north. Although they produce many nodes, their reproductive
phase is arrested by frosts and yields are small (Scott and
Aldrich, 1970). Thus, breeders of grain legume crops usually
wish to characterise their germplasm into various ‘maturity
classes,’...”
The higher the temperature, the faster the rate of
reproductive development in soybeans. Address: Dep. of
Agriculture and Horticulture, Univ. of Reading, Reading,
England.
2427. Jones, D. Gareth; Davies, D.R. eds. 1983. Temperate
legumes: physiology, genetics and nodulation. London,
Boston, Massachusetts & Melbourne: Pitman Advanced
Publishing Program. 442 p. Illust. No index. 25 cm. Pitman
Series in Applied Biology.
• Summary: Contents: Preface,
Physiology and the legume symbiosis, by P.S. Nutman.
Effects of temperature and photoperiod on reproductive
development of selected grain legume crops, by P. Hadley,
R.J. Summerfield and E.H. Roberts.
Reproductive physiology and yield stability in Vicia faba
L., by P. Gates, M.L. Smith, Gretel White and D, Boulter.
Genetic variation in yield processes of grain legumes
and their responses to temperature. by R.C. Hardwick
Yielding ability and competitive ability of forage
legumes under contrasting defoliation regimes. by Ian
Rhodes and A.W. Ngah.
Genetic variation in yield components of Trifolium
repens at low temperature, by J.H. Ollerenshaw.
Mineral nutrition of leafy legumes, by P.J. Goodman and
Janet Edwards.
Nitrogen fixation and the carbon economy of the leafy
legume, by G.J.A. Ryle
Developing an improved plant model for the pea crop,
by C.L. Hedley, M.J. Ambrose and K.A. Pyke.
Competition for assimilates within and between pods as
a factor in the regulation of seed size in Pisum sativum, by
D.M. Harvey.
The relative importance of nitrogen assimilation and
dinitrogen fixation in the economy of the pea crop, by A.P.
Sims, B.F. Folkes, D.J. Barber and D. Walls
Changes in the partitioning of assimilate of Vicia faba in
response to environment, by R. Thompson.
Assimilate partitioning in a determinate variety of field
bean, by D.A. Micer, G.P. Chapman, M. Standish and M.
Bailey.
A new technique for the measurement of the respiratory
costs of symbiotic nitrogen fixation, by F.R. Minchin, J.F.
Witty and J.E. Sheehy.
Aspects of the biochemistry and physiology of
symbiotic nitrogen fixation. by M.G. Yates. Towards an
understanding of the symbiotic genes of Rhizobium, by J.E.
Beringer and A.W.B. Johnston.
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Measurement of N2-fixation by 15N fertiliser dilution;
Problems of declining soil enrichment, by J.F. Witty
Environmental effects on the physiology of nodulation
and nitrogen fixation, by J.I. Sprent, F.R. Minchin
The influence of soil acidity factors on rhizobia, by J.E.
Cooper, M. Wood and A.J. Holding.
The ecology of Rhizobium, by D. Gareth Jones
Host plant selection and breeding for improved
symbiotic efficiency, by L.R. Mytton.
The efficiency of utilization of biologically fixed
nitrogen in crop production systems, by A. Haystead.
The application of inoculation in agriculture, by P.
Newbould.
“Preface: The temperate legumes are in some ways
an enigma: their virtues are continually extolled yet their
contribution to the agricultural economy of Britain never
attains that which one might predict. The potential value
of the grain legumes as break crops in the cereal economy
of the eastern sector of the country remains attractive, but
peas and beans are crops which still pose problems in terms
of ease of harvesting, yield, regularity of cropping and
susceptibility to disease. Of equal attraction in theory, albeit
to a different sector of our agricultural industry, are the
forage legumes, but of these only white clover is maintaining
its position–the acreage of red clovers and lucerne continues
to decline.
“When viewed in this context, it was timely and
important that the Association of Applied Biologists should
organize a symposium which in essence posed the question
‘Why is it that crops which have the significant potential
advantages of an ability to fix their own nitrogen, and a
relatively high protein content are not more successful?’
The organizers Dr. R.N. Crossett and Dr. D. Gareth Jones,
brought together a group of physiologists, geneticists,
microbiologists and plant breeders to consider the many
facets of this problem, and they are to be congratulated on
overcoming the natural prejudices of specialists who more
often than not want to be with their own kind. The extent
of the interaction was impressive and it is hoped that this
volume will provide a clearer idea both of the problems and
of the challenges that exist in this area of plant biology.
“D.R. Davies” Address: England.
2428. Yamaguchi, Mas. 1983. World vegetables: Principles,
production and nutritive values. Westport, Connecticut: AVI
Publishing Co., Inc. xv + 415 p. Illust. Index. 24 cm. [9 soy
ref]
• Summary: In Chapter 21, “Vegetable legumes” is a section
titled “Soybean, Soya: Glycine hispida. Perhaps the most
important leguminous crop in the world, the soybean is
grown chiefly for its dry seeds. The soybean is included
in this chapter because of its use “as a vegetable at the
immature bean stage.” Vegetable soybeans are harvested
“while the beans are still succulent and have not begun to

accumulate much starch and oil.” A map (p. 274) shows
soybean maturity groups. A diagram (p. 275) shows
“Temperature requirements at [six] different stages of
growth” (minimum, sufficient, and optimum temperatures).
The soybean is also discussed on pages 48 (protease
inhibitors), 49 (hemagglutinins), 53 (antivitamin A and D),
58 (saponins), 289 (bibliography).
The section on harvest and storage of sweet corn (p.
171-72) also applies to vegetable soybeans. Sweet corn
should be harvested early in the morning to take advantage
of the cool temperature. Immediately after harvest, the
temperature of the ears of corn should be lowered to 10ºC
(50ºF) by immersion in ice water. The ears should be
cooled further to near 0ºC (32ºF) as soon as possible. Low
temperature decreases the rate of conversion of sugars into
sweet starch; this the corn tastes sweeter when eaten. The
recommended storage temperature is 0ºC (32ºF).
Also discusses: Peanuts (p. 50, 58, 275, 288-89). Kudzu
(p. 165; Pueraria lobata, P. thunbergiana, Pachyrrhizus
trilobus). Adzuki bean, azuki (p. 281, 290; Phaseolus
angularis). Winged bean, Goa bean, four-angled bean (p.
282-84, 290; Psophocarpus tetragonolobus, Tetragonolobus
purpureus). Bambara ground nut, Madagascar peanut
(p. 287, 290; Voandzeia subterranea). Address: Dep. of
Vegetable Crops, Univ. of California at Davis, California.
2429. Anderson, I.C. 1984. From my view. Soybean News
(NSCIC) 35(1):3. Jan.
• Summary: “During the past 25 years I’ve chased many
plant growth regulator chemicals; some have ended in total
frustration but others have provided enough intrigue to
keep the hope up. It is not difficult to find chemicals which
increase growth of plants in pots. Foliar application of
most acetates stimulates top growth. These types of growth
stimulants seldom translate to increased grain yield. Once
ground cover occurs or growth is limited by temperature,
light or water the effects of the stimulant disappear or
become minor. Grain yield is a much more complicated
process than vegetative growth. Partitioning, mobilization
and embryo growth are processes which control or are
controlled by complex hormonal interactions. Hormone
action is influenced by environment and genotype. It is not
surprising then, that the most consistent experience with a
PGR is inconsistency of results between years, locations,
spraying date and genotype. For example, Boots Ltd. of
England has a chemical which increased the yield of Wayne
soybean 12-15 bu/acre during three years of testing, but with
Corsoy there was no yield increase. The chemical increases
podding on lower branches along with making the stems
hollow and paper thin so harvestability is adversely affected.
Usually, yield increases with PGRs are so transient that one
wonders if they are part of the real world, but the Boots
chemical leaves no doubt of the potential for PGRs. Down
the road soon, some young wiseacre is going to do it for
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soybeans or corn.
“During the last five years we have been studying
allelochemical relationships between corn and soybeans.
Corn following soybeans the previous year yields about 10
bu/acre more than corn following corn in Iowa even when
the corn residue is plowed under in the fall and with adequate
nitrogen fertilizer. This response appears to be greater at
higher latitudes and decreases toward the south, presumably
because the allelochemicals undergo biological degradation
during the warmer fall and winter. The unanswered question
is whether the yield difference is due to an inhibitory effect
of corn or a stimulatory effect of soybeans on the subsequent
corn crop. There are hundreds of examples of allelopathic
effects of one plant on another plant. These range from root
excretions, inhibitors from decaying residue, to volatile
vapors from leaves. The studies of Dr. Stan Ries at Michigan
State, showing that alfalfa meal placed beside rows of corn
increased yield more than did nitrogen fertilizer, caused me
to begin looking for allelochemicals from soybeans.
“We started by continuously cropping corn, sorghum,
alfalfa and soybeans in large pots in the greenhouse and
bioassaying samples of the soil at various times by growth of
corn seedlings. Soil from soybean and alfalfa pots stimulated
growth of corn seedlings compared with soil left fallow.
Soil from the corn and sorghum pots usually inhibited corn
growth although at those times the residues had been in the
soil for a long period of time there were stimulatory effects,
which is a commonly observed effect from allelopathic
residues. Soybean seedlings grown in pots of soil taken from
corn fields in the fall are normal, whereas corn seedlings
in the same soil are yellow even when fertilized with high
levels of nitrogen.
“Chloroform extracts of soil-soybean residue, taken in
the fall or following spring, when fractionated with DEAE
sephadex columns give two fractions which stimulate growth
of corn seedlings on blotter paper. One of these fractions
comes from decomposing soybean residue and the other
probably from root excretions by the soybean plants during
the summer. We are attempting to develop a more sensitive
bioassay in-order to be able to further purify these chemicals.
“In another study, we followed the inhibitory effect
of soil from a continuous corn field using germination and
growth of water cress seed to assay the extract from the soil.
The soil had high levels of inhibitors during the early spring,
decreased by late June, became slightly stimulating during
July, and surprisingly became strongly inhibitory by early
August and for the remainder of the year. These inhibitory
substances apparently are corn root exudates, because they
appeared in soil covered with plastic.
“In summary, I think the yield differences are due to
both an inhibitory effect of corn and a stimulatory effect
of soybeans. We are attempting to evaluate the relative
contributions by varying the growth periods and residue
ages of corn and soybeans. One of the treatments was Bragg

soybeans planted in the corn row with adequate nitrogen
fertilizer for the corn. The Bragg soybeans had a miserable
life during the summer and did not affect the yield of corn,
but by August they began to fix nitrogen, flower, and grew
to lengths of 6-10 feet. Dr. Shibles is studying residual N
effects and we are studying the allelochemical effects of
Bragg on next year’s corn. Have some fun next summer
you future snow bunnies–import some southern soybeans
and plant them in a friend’s corn plot.” Address: Prof. of
Agronomy, Iowa State Univ., Ames, Iowa.
2430. Hartwig, Edgar E. 1984. Some thoughts after thirty
years of soybean research in the South. Soybean News
(NSCIC) 35(1):5, 4. Jan.
• Summary: “As one travels across the South today and
observes field after field of soybeans, one must respect the
foresight and judgment of some of our research leaders who
in the early 1940’s initiated a program within the United
States Department of Agriculture for developing soybeans
for grain production in the South. I reported for duty March
1, 1943 to begin a cooperative program between USDA
and the North Carolina Agricultural Experiment Station
at Raleigh, North Carolina, with the responsibilities of
developing soybean varieties suitable for grain production.
At that time, there were probably no more than two or
three hundred thousand acres of soybeans being planted for
seed production in the South. Along with other production
problems, severe shattering was a strong possibility if
harvesting was not completed within a few days after the
soybeans were mature. A staff member at North Carolina
State University working with fertility and management
problems with small grains informed me that he thought
the decision of USDA officials who decided to place a
man in the area to work with soybeans was about as stupid
a decision as was possible to make. He recognized that
soybeans had limited possibilities as a hay crop but saw no
potential for them as a seed crop.
“Local workers who had some experience with soybeans
advised me that I must get my plantings made by midApril in order to obtain a stand. The general opinion also
existed that soybeans needed no fertilizer. The soybean as
a legume produced its own nitrogen. Nitrogen was more
or less considered synonymous with fertilizer since the big
response with corn or cotton was from nitrogen. About 50%
of my plantings failed because of the early planting and lack
of adequate nutrition for the plants. I decided that mid-April
was too early to plant soybeans, and later research showed
that we should delay planting until a 14½-hour day had been
reached and for much of the South this day length was not
reached until after early May.
“Dr. Ralph Cummings was then head of the Agronomy
Department at North Carolina State University. I indicated
to him that I did not believe that a breeding program with
soybeans could succeed without additional fertility research.
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He was receptive to the idea and arranged for initiating
a soybean fertility research program. In 1945, Dr. W.L.
Nelson, now senior vice president with the PhosphatePotash Institute, began work on the fertility program with
soybeans. He also had responsibilities for two or three other
crops. During the next several years we developed what I
considered an excellent team research program to investigate
the interaction of varieties with fertility. The importance
of an adequate supply of potash was clearly demonstrated.
Results demonstrated that varieties differed in their response
to higher fertility levels, and also that with adequate levels
of fertility and high-yielding varieties, the most efficient use
of the fertilizer was obtained. It is somewhat amazing to me
how frequently low pH or lack of phosphate or potash are
still limiting factors in the production of soybeans, especially
when we realize how simple it is to take soil samples
and obtain quite precise information as to the nutrient
requirements of a particular soil. I like to think of the plant
as a miniature factory that utilizes water and nutrients to
produce the end product seed.
“In the fall of 1948, I began working at Stoneville,
Mississippi, in a program cooperative with the Delta Branch
of the Mississippi Agricultural and Forestry Experiment
Station. In addition to the research program at Stoneville,
I coordinated a program with state workers in the southern
states to evaluate breeding lines that were being developed.
At this time, cotton acreage had been reduced appreciably in
the Delta area. Cotton was best suited to the better-drained
sandy loam soils. A large acreage of low-lying, slowlydrained, heavy clays was available for other uses. Much
of our soybean breeding work was therefore concentrated
on types that would produce well on the clay. The variety
`Ogden,’ which had been developed at the Tennessee
Agricultural Experiment Station, was available and produced
better than some of the varieties that had been available.
However, seed-holding qualities of Ogden were poor, and
growers reported that harvested yield decreased with each
day of harvest. Ogden had another disadvantage in that seed
coats were green. Actually, there was nothing wrong with
green seed coats except that market standards were set up for
yellow soybeans, and buyers seriously objected to receiving
green soybeans when they thought they were buying yellow
soybeans. Although cotton acreage had been reduced
appreciably, growers were primarily interested in cotton,
and many considered it to be somewhat of a waste to have a
research program for a crop for which there was no interest.
I would like to again emphasize the importance of foresight
by research leaders. Research does not give instant results.
Having a period with no outside pressure permitted us to
develop improved production practices, and by the time we
had improved varieties available, we could make suggestions
as to how the crop should be grown.
“A major impact upon soybean production in the South
was the release of the variety ‘Lee’ in 1954. Lee had been

evaluated in the cooperative regional tests and had shown
adaptation over much of the South. A simultaneous release
was made in each of the 12 southeastern states. At the
time of its release, we stated that Lee would hold its seed
satisfactorily for 6 weeks after it was ready for harvest. Thus,
it was possible to ensure that the crop could be harvested
if a crop was grown. Several growers were skeptical, and
at the time they grew their first crop, they left a few rows
unharvested to see for themselves whether or not it would
hold its seed. In addition to having a good seed-holding
quality, Lee was resistant to several foliar diseases that
were causing severe losses. These included bacterial pustule
and target spot. Resistance to these two diseases has been
maintained in nearly all subsequent variety releases in the
South. Lee was well-suited for production on the low-lying,
slowly-drained clays. At the time, we thought it was because
of an ability to develop a root system in these soils. Later
we learned that a major problem in the slowly-drained clays
was the disease phytophthora rot. Lee-had what we described
as a moderate level of resistance to the disease. Major
genes giving higher levels of resistance have now been
incorporated into other varieties. By 1957, a considerable
acreage of Lee was being planted. A prolonged rainy period
began in November and many fields were not harvested until
in February. Growers were impressed with the fact that they
still had marketable seed to be harvested.
“The variety ‘Bragg’ was released in 1963. Bragg
had many of the same qualities as Lee, but was later in
maturity and made more growth. It was particularly suited
for the coastal plains soils of the Southeast. Bragg had a
high level of resistance to root-knot nematodes which are
common in many of the coastal plains soils. Because of its
greater growth, Bragg competed better than Lee with the
johnsongrass and cockelbur which were not being controlled
in the soybean fields of the Delta. Bragg became a major
variety in the Delta as well as in the Southeast.
“Herbicides to control johnsongrass and cocklebur
have simplified soybean production in much of the South,
but especially in the Delta area where these weeds grew so
luxuriously. As cotton acreage was reduced, many of the
fields had lain idle for several years before soybean were
planted. Thus, there had been excellent opportunity for good
development of johnsongrass and cocklebur. As soybeans
were planted in these fields, it was sometimes difficult to
recognize that soybeans were there. If one could see that the
johnsongrass was in rows, one could then assume that there
were also soybeans there.” Continued. Address: Research
Agronomist, USDA, ARS, Stoneville, Mississippi.
2431. Rainbird, Ross M.; Thorne, J.H.; Hardy, R.W.F. 1984.
Role of amides, amino acids and ureides in the nutrition of
developing soybean seeds. Plant Physiology 74(2):329-34.
Feb. [19 ref. Jap; eng]
• Summary: “Abstract: The various nitrogenous solutes
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important to embryo development in symbiotic soybean
plants were determined during the midpodfilling stage.
Glutamine was the principal form of nitrogen, contributing
55% of the embryo nitrogen requirement. Asparagine was
the second most important, contributing 20%.” Address:
E. I. du Pont de Nemours & Company, Central Research
and Development Department, Experimental Station,
Wilmington, Delaware 19801.
2432. Gotoh, K. 1984. Historical review of soybean
cultivation in Japan. Tropical Agriculture Research Series
No. 17. p. 135-42. March. International Symposium on
Soybean in the Tropics and Subtropics. [24 ref. Eng]
• Summary: Contents: Abstract. Before the Meiji era (1866): Dissemination, instructions to farmers. Traditional
cultivation (1867-1945): Characteristics of this period,
special methods of cultivation. Scientific approaches (19461977): Characteristics of this period, genetic resources,
cultivation practices recommended, physiological studies,
planting density, differences between record yields and
average yields. Recent situation (1978-): Take-off in yields,
problems in the near future.
“The time when the soybean was introduced from the
northern part of China to Japan is not precisely known.
The earliest reference to soybean appeared in the Kojiki
(completed in 712 AD) and Nihonsyoki [Nihonshoki] (in 720
AD). They referred also to rice, barley, Italian millet (Setaria
italica Beauv.), Japanese millet (Echinochloa frumentacea
Link), and adzuki beans (Vigna angularis (Willd.) Ohwi and
Ohasi). Thus, it appears that soybeans were grown as one of
the important crops in olden times.”
Nagata (1959) proposed that soybeans first entered
Japan in the northern part of the country, having been
disseminated from Korea. Prior to that they had arrived in
Korea from north China. “Nagata’s assumption that soybean
may have been introduced to the northern part of Japan
seems plausible. In 1932 and 1933 at the Komoriyama ruins
located in Senhata, Akita Prefecture, which date back to the
Jyômon (Jômon) era (see Note) carbonized soybeans and
hulled rice were found in an old house. The dating of this
specimen of soybean was not performed since radio-carbon
was not available at that time. As will be mentioned later, a
large number of land races have been found in Tohoku, as
a result of extensive surveys conducted in the early 1950s.
Apart from the Nagata’s hypothesis it is probable that
soybeans may have been first introduced as an important
medicinal herb and later as a food crop into the ports along
the Japan Sea.
“Instructions to farmers: Engishiki (completed 927 AD)
which described in detail the regulations on crop products
(for example, exchange rates of soybeans with bundles of
rice and barley for yearly tribute), stated that the Kinki,
Chugoku, and Shikoku districts [all located in southwest
Japan, from Kyoto in the northeast to just above Kyushu in

the southwest] were the main soybean production areas, as
shown in Fig. 1.
“Seiryôki (published around 1560) which is the
oldest Japanese book of agronomy, identified two types of
soybeans, namely summer and autumn types. Aizu-nôsyo
(1684) and Hyakusyô-denki (around 1688) described in detail
the characteristics of many cultivars, and various cultivation
practices, namely ridging and intercropping with barley.
Nôgaku-zensyo (1697) outlined the principles and practices
of soybean management already widely applied, and mention
was made of vegetable beans (Edamame) [green vegetable
soybeans]. Kôka-shunjyû (1707) described special types of
soybeans, such as boiled soybeans (Nimame). This book also
described how to grow soybeans on dikes or levees between
paddy fields. Seikei-zusetsu (1804) outlined the methods of
soybean production as recent practices.”
Note: According to Fairbank, Reischauer, and Craig’s
East Asia: Tradition and Transformation (1973, p. 327):
“The earliest neolithic culture, named Jômon for its
characteristic “cord-pattern” pottery, spread throughout Japan
about 6,000 years ago. The Jômon people lived in sunken pit
dwellings and subsisted by hunting, fishing, and gathering
nuts, roots, and shellfish. They left behind extensive shell
mounds and a wealth of pottery, unsurpassed in richness and
imaginativeness of design by any other stone-age culture in
the world.” Note that they did not practice agriculture. In
the third century B.C. Jômon culture was replaced by Yayoi
culture in western Japan and by the end of the first century
B.C. it had spread as far east as the Kantô plain. Address:
Faculty of Agriculture, Hokkaido Univ., Nishi 9, Kita-ku,
Sapporo, Japan.
2433. Gotoh, K. 1984. Historical review of soybean
cultivation in Japan: Scientific approaches (1946-1977)
(Document part). Tropical Agriculture Research Series No.
17. p. 138-40. March.
• Summary: “1. Characteristics of this period: Extensive
research work on soybean breeding and cultivation started
after World War II. Nagata (1955) wrote a book on soybeans
in a comprehensive manner, based on domestic and foreign
information. It may be said that Nagata’s publication was the
first well written Japanese book on soybeans.
“The progress of research works was compiled by Saito
(1972; breeding), by Kaizuma and Fukui (1972; quality
breeding), by Konno (1972; physiology) and by Matsumoto
and Ohba (1972; production techniques) in the Proceedings
of the Symposium on Food Legumes held at the Tropical
Agriculture Research Center in 1972.
“In the early stage of this period, production of soybeans
for oil was attempted. However, since the quantity of
soybeans imported from the USA increased, especially after
1961 when the Japanese market was opened for soybean
importation, production became restricted to protein use or
food.
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“During this period the constraints on soybean
production were analysed in each area in Japan...
“Thus breeding for overcoming these hazards was
undertaken and cultivars showing cool weather tolerance,
cyst nematode resistance, virus disease resistance, resistance
to several important diseases, and lodging resistance were
released in each location.
“One of the important objectives of breeding was to
obtain cultivars with white hilum of grains which was
requested from the processing industry, especially for miso
production. Thus, 30 of a total of 43 cultivars released from
1961 to 1977 had white hilum. As mentioned previously,
large seed size was preferred for consumption, and the
cultivars with large seed size became predominant. However,
several cultivars with small seeds were maintained for natto
production.
“2. Genetic resources: During the period 1952-1954
surveys on land races of soybeans were conducted and the
data were summarized in 1957. According to the results,
Tohoku had abundant genetic resources. Almost all of the
land races were grown in dikes surrounding paddy fields and
some were used for soiling under alluvial and diluvial soil
conditions and for the cultivation of vegetable beans.
“It was well known that the wild soybean (Glycine
soya Sieb. et Zucc.) is native to Japan, except for Hokkaido.
However, in 1973 this variety was observed along the river
Saru in the Hidaka area of Hokkaido and thereafter along
several rivers there...
“3. Cultivation practices recommended: Several research
workers attempted to introduce modern technology for the
management of soybeans...
“4. Physiological studies: Fukui and Arai (1951)
classified cultivars, based on the length of growth from
germination to flowering and flowering to maturity. This
classification which does not correspond with the maturity
groups of the USA is widely used in Japan. Groups Ia, Ib,
and IIa belong to the so-called summer type, IIb, IIc, IIIb,
and IIIc to the intermediate type, and IVc and Vc to the
autumn type, respectively...
“5. Plant density: Although progress has been made in
the understanding of soybean characteristics as a crop, the
cultivation of soybean in practice is still based on sparse
planting on an individual plant basis. This concept may
be due to the fact that under the hot and humid conditions
prevailing in Japan luxuriant growth and severe lodging
are likely to be associated. Thus plant growth must be
inhibited and the number of branches must be increased
for increasing the number of nodes in turn results in the
increase in the number of pods. Consequently, cultivars
bred before 1960 were generally adapted to such growing
conditions. However, several cultivars bred after 1961 had a
stiff stem and seemed to be adapted to dense planting. These
findings suggest that the plant type has been changing from
the branching type to the main stem type in which a larger

proportion of pods occurs on the main stem, and lodging
resistance becomes far more important.
“6. Differences between record yields and average
yields: During this period record yields were obtained in
several Agricultural Experiment Stations and in some yield
contests as outlined in the paper of Gotoh (1982). However,
the average yield of soybeans was low as usual, namely, less
than 1.5 tons.” Address: Faculty of Agriculture, Hokkaido
Univ., Nishi 9, Kita-ku, Sapporo, Japan.
2434. Holowach, Lorraine P.; Thompson, J.F.; Madison, J.T.
1984. Effects of exogenous methionine on storage protein
composition of soybean cotyledons cultured in vitro. Plant
Physiology 74(3):576-83. March. [37 ref]
• Summary: “Abstract: Supplemental methionine in a
complete culture medium increased the methionine content
of the protein fraction of cultured soybean... (Thompson,
Madison, Muenster 1981 Phytochemistry 20:941-945).
To explain the observed increase in protein methionine,
we have measured the amounts and subunit compositions
of 7S and 11S storage proteins and determined the amino
acid compositions of the three major protein fractions (25S, 7S, 11S) of seeds developed on plants and of cultured
cotyledons grown in the presence or absence of supplemental
L-methionine.” Address: U.S. Plant, Soil and Nutrition Lab.,
Agricultural Research Service, USDA and Div. of Biological
Sciences, Cornell Univ., Ithaca, New York 14853.
2435. Holowach, Lorraine P.; Thompson, J.F.; Madison, J.T.
1984. Influence of exogenous methionine on storage protein
of soybean cotyledons cultured in vitro. Plant Physiology
74(3):576-83. March. [37 ref]
• Summary: “Soybean seed proteins lack sufficient quantities
of sulfur amino acids to satisfactorily meet the dietary
requirements of some monogastric animals. In this respect,
soybeans are typical legume seeds. Soybeans, however,
accumulate about twice as much protein in their seeds as
other legumes, and up to four times as much protein as
grain seeds.” Address: U.S. Plant, Soil and Nutrition Lab.,
Agricultural Research Service, USDA and Div. of Biological
Sciences, Cornell Univ., Ithaca, New York 14853.
2436. Howell, R.W. 1984. Contribution of soybeans to the
agriculture of the USA. Tropical Agriculture Research Series
No. 17. p. 127-32. March. International Symposium on
Soybean in the Tropics and Subtropics.
• Summary: An excellent historical overview. “Perhaps
the most important person in soybean history in the United
States was William J. Morse, who was appointed in 1907 to
be in charge of soybean research in the US Department of
Agriculture.” Morse “led the development of the cooperative
research program of the USDA and the State Agricultural
Experiment Stations until 1949. This cooperation, which Mr.
Morse had encouraged for many years, was formalized by an
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agreement between USDA and several stations in 1936. The
cooperative program continues in its essentials, but is vastly
expanded at the present time. Mr. Morse died in 1959.”
1920–Dr. Clyde Melvin Woodworth, a geneticist, joined
the faculty of the University of Illinois at Urbana. He was
the first breeder / geneticist with primary responsibility
for soybeans at this university. He constructed the first
chromosome map for soybeans [1933]. He developed the
varieties Illini and Chief, and made the cross which led to the
variety Lincoln. In 1943 Lincoln was released jointly by the
University of Illinois, USDA, and several other universities.
It “was the first variety to be developed from a purposeful
hybridization and was the first to be cooperatively released
under the agreement of 1936.
“A contemporary and colleague of Dr. Woodworth
was Professor Jay Courtland Hackleman, a crops extension
specialist at the University of Illinois. Professor Hackleman
was an ardent promoter of soybeans. He and his extension
colleagues in other states appreciated the potential of
soybeans and strongly encouraged farmers to try them on
their farms.”
1921-1951–Professor William Leonidas Burlison was
head of the department of Agronomy at the University of
Illinois. Along with Woodworth and Hackleman, he was
instrumental in the establishment of soybeans in Illinois
agriculture.
“These people had counterparts in many states who were
equally enthusiastic and effective in encouraging farmers to
grow soybeans.”
1928–J.L. Cartter, a graduate student at the University of
Wisconsin, was hired by the USDA as a soybean agronomist,
stationed at Holgate, Ohio. In 1936, when the US Regional
Soybean Industrial Products Laboratory was established,
Mr. Cartter moved to Urbana, Illinois, to lead the production
research at the Laboratory. He continued at that position until
his retirement in 1965.
“Plant breeders were employed by USDA and
stationed at Iowa State and Purdue [West Lafayette,
Indiana] Universities, at later at Stoneville, Mississippi,
North Carolina State Univ., and the Universities of Florida,
Missouri, and Minnesota, in addition to Illinois.”
1949–After the retirement of W.J. Morse, Dr. Weiss
took over his position as leader of Soybean Investigations at
USDA; he served in that position from 1949 to 1953. “Under
Weiss’ leadership the soybean germplasm collection was
formalized and facilities established at Urbana, Illinois, and
Stoneville, Mississippi, for preservation and management
of the collection.” Weiss was followed by Dr. Herbert W.
Johnson (1954-1964), “who next to Morse probably had the
greatest influence on the development of soybean research.”
During this period “the soybean cyst nematode was found for
the first time in the United States, the first disease-resistant
soybean varieties were developed, and a significant increase
in the size and scope of soybean research staffs occurred,

including the beginnings of the major increase in research on
soybean physiology.”
Before 1965, the only U.S. company “with a soybean
development program was the Coker’s Pedigreed Seed Co.
of South Carolina, where Henry Webb was the soybean
breeder. In 1965 a group of midwestern seed companies
joined to form the Soybean Research Foundation, Inc.
(S.R.F.), and employed A.L. Matson of Missouri as a
soybean breeder. During the 1970s many companies
established soybean variety development groups following
enactment by Congress of the Plant Variety Protection Act
of 1970. Consequently the number of varieties available to
farmers has increased manyfold. In 1983 it is estimated that
at least 300 different varieties were offered for sale in Illinois
alone.”
Also discusses protecting soybeans from diseases,
insects, nematodes and weeds, as well as plant physiologists
who worked on soybeans (he pioneering work being done
by Garner and Allard on photoperiodism). The Northern
Regional Research Center at Peoria, Illinois; since 1942
soybean utilization research as been based here. International
programs including INTSOY. Growing interest in food
uses of soybeans (tofu, soymilk) including the Soycrafters
Association. Rise of the soybean processing industry. The
American Soybean Association. Address: Emeritus Prof.,
Former Head, Dep. of Agronomy, Univ. of Illinois, Urbana,
IL.
2437. Larcher, J.; Velly, J. 1984. Mobilisations et femure
minérales du soja (Glycine max (L.) Merrill) au Sénégal
[Mobilization and mineral uptake by soyabean (Glycine max
(L.) Merrill) in Senegal]. Agronomie Tropicale (France)
39(1):34-41. Feb/March. [5 ref. Fre; eng; spa]
• Summary: The production of dry matter and nitrogen,
phosphorus, potassium, calcium, magnesium, and
sulfur uptakes were measured on a soybean crop at two
intensification levels over two years (1978 and 1979)
in Senegal. Address: Institut Senegalais de Recherches
Agricoles (ISRA), Bambey, Senegal.
2438. Wan, Hsiung. 1984. Soybean production and research
in Taiwan. Tropical Agriculture Research Series No. 17. p.
45-51, 53-65. March. International Symposium on Soybean
in the Tropics and Subtropics. [101 ref]
• Summary: Abstract. Production. Supply and demand.
Methods of culture: varieties used, planting methods and
field management (conventional method, rice-stubble
planting method), harvesting, disease and pest control.
Soybean research and extension systems: research
institutions, extension service. Major research programs
completed: variety improvement, breeding and genetics
research, physiology, nutrition and cultural practices,
diseases. Major constraints in soybean production: import
of low-priced soybeans, competitive crop in soybean-
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producing center, unfavorable growing conditions in the
tropics, high cost of production. Measures for promotion of
soybean production: price support, expansion of acreage,
change in the aim of variety improvement, reduction of
production cost. Prospects. References. Tables: (1) Soybean
production in Taiwan. (2) Soybean production in KaohsiungPingtung area, Taiwan. (3) Soybean production in different
planting seasons in Taiwan. (4) Soybean varieties released
in Taiwan and their characteristics. (5) Acreages of soybean
and adzuki bean. Figures: (1) Location of soybean research
and extension institutions. Address: Taiwan Agricultural
Research Inst., Wufeng, Taichung, Taiwan.
2439. Belic, B.; Jockovic, Dj. 1984. Inheritance of the
number of nodes on the main stem of dialell crosses of
soybean (Glycine max, L. Merrill). Eurosoya No. 2. p. 47-52.
April. [11 ref. Eng; eng; spa; fre]
• Summary: “Soybean mildew, caused by the fungus
Peronospora manshurica Naoum Syd. ex Gaum., is the major
soybean disease in Vojvodina Province. The other important
diseases are brown spot, Septoria glycines Hemmi., white
rot, Sclerozinia sclerotiorum Lib. Bary, and anthracnose
Colletotrichum dematium Pers. ex Fr., Grove var. truncata
Schw. Arx., Ascochyta sojae Miura. The following parasitic
fungi cause minor diseases: leaf spot Phyllosticta sojaecola
Massal, black stem spot Diaporthe phaseolorum Cke. and
Ell. Sacc. var. caulivora Athow and Caldwell, and Phomopsis
sojae Leh.
“In recent years, intensive studies have been undertaken
to check the possibilities of soybean seed treatment in order
to control seed-borne soybean parasites.” Address: I.N.R.A.,
Station d’Amélioration des Plantes, Domaine de Melgueil,
Chemin de Mezouls, 34130 Maugio, France.
2440. Brenner, H.; Keller, E.R.; Soldati, A. 1984. Effects of
cool temperatures on the development of shoots, roots and
reproductive organs of soybean plants. Eurosoya No. 2. p.
24-28. April. [7 ref. Eng; eng; fre; spa]
• Summary: “The cold tolerance of soybean cultivars was
evaluated in growth chamber experiments. Treatments were
25/21ºC (day/night air temperature), 12/8ºC and a special
cold stress temperature of 10ºC. In the search for indicators
of cold tolerance in the youth stage we measured the shootroot dry weight ratio and the starch content of the leaves.
The total dry matter accumulation and the shoot-root dry
weight ratio proved to allow for the best quantification of
the response of the cultivars to the application of the cold
treatments during the youth stage. The starch content of
the leaves varied with cultivar but was of little use as an
indicator of cold tolerance.
“The importance of the root system for cold tolerance
during flowering was evaluated by using grafting techniques.
When flowering plants were exposed to a 14-day cold
stress at 12/8ºC the growth of the leaves and stems was

more impaired than that of the roots. The shoot dry matter
was always reduced by the cold stress irrespective of
the underlying root-stock. In the aftermath of the cold
stress however, we noticed a compensatory growth of the
vegetative plant parts. The magnitude of this compensatory
growth was distinctly affected by the genotype of the
underlying root-stock. No direct relation was found between
the root system and the grain yield of individual plants.”
Address: Swiss Federal Inst. of Technology, Crop Science
Dep., CH 8092, Zurich, Switzerland.
2441. Madar, S.; Vrataric, M. 1984. Soybean cultivation with
supplementary irrigation. Eurosoya No. 2. p. 29-32. April.
[Eng; eng; fre]
• Summary: “On the basis of three-year trials (1977-79)
with ‘supplementary’ irrigation of the soyabean plant, the
following can be concluded:
“1. All soyabean varieties included in the trials
responded positively to supplementary irrigation provided
by sprinklers, with a considerable increase of soyabean
kernel yields, in relation to those control plots which were
not irrigated. The increase went from 300 kg/ha (or 10%) to
1,100 kg/ha (or 49%).
“2. ‘Supplementary’ irrigation was undertaken in the
‘critical’ stages of soyabean growth, i.e. in the flowering
and pod-filling stage between 15 June and 25 July. The
total amount of water added during the growing cycle, or
irrigation quantity (mm net water) ranged from 80 mm in
1977 to 120 mm in 1979. Irrigation was provided two or
three times during the growth period.
“3. The increase in yields varied with the variety
and crop density. Differences among varieties were not
significant, indicating that they possess equal genetic
potential. Thicker density of all varieties gave greater yields.
The best response was given by the early maturing domestic
cultivar OS-289 (1,100 kg/ha or 49% in greater density and
500 kg/ha or 23% in a lower crop density), but this greater
yield was also statistically insignificant. It was noted that
early maturing varieties responded better than later ones.
“4. Considering the interaction effects (plant density,
varieties, irrigation), it can be seen that irrigation always
influenced yields and that this was statistically significant
(at 0.05 level) for plant density of 70 cm and 45 cm (at 0.01
level). This indicates that thicker densities responded better
to irrigation and produced better yields.
“5. On the basis of the three-year results obtained,
‘supplementary’ irrigation of the soyabean plant with
small quantities of water in its critical growth stage can be
recommended for agricultural practice in the eastern part of
Slovenia in Yugoslavia.”
Note: As of Sept. 2015, Osijek is the 4th largest city
in Croatia. Address: Agricultural Institute (Poljoprivredni
Istitut), Tenjska cesta b.b., 54000 Osijek, Yugoslavia.
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2442. Saric, Z.; Milic, V. 1984. Studies of nodular bacteria of
soybean. Eurosoya No. 2. p. 58. April. [Eng]
• Summary: “Problems studied: (1) Collection of bacterial
strains on soybean. (2) Selection of Rhizopus japonicum
strains for increased efficiency. (3) Production of Rh.
japonicum for soybean.
“So far a large number of strains have been isolated.
Attention is focused on the problem of efficiency of Rh.
japonicum strains. A method of selection of active strains
by growth regulators has been devised. Changes of Rh.
japonicum strains in chernozem soil under the effect of crop
rotation are also studied.
“The collection of Rh. japonicum strains will be
enlarged by new strains from those parts of Yugoslavia
where these nodular bacteria occur as the native microflora
of the soil.
“The Department of Microbiology made preparations
for soybean planting in 1982 by producing Rh. japonicum for
soybean for 72,000 a. Four highly efficient Rh. japonicum
strains isolated in the previous period were used in the
production of Rh. japonicum.
“Another important target in the selection of Rh.
japonicum is the problem of compatibility between Rh.
japonicum strains and the soybean varieties grown, i.e.,
which partners will readily enter the symbiotic relationship
during the growth period of soybean. The results obtained
show that bacterial efficiency may the increased by carefully
selecting the partners.
In January 1942, as part of the Holocaust, there was a
massacre of Jews at Novi Sad, a city on the Danube. Note: In
1945 Novi Sad became part of Yugoslavia. Since 2006 Novi
Sad has been part of independent Serbia. Address: Faculty of
Agriculture, Novi Sad, Yugoslavia [in today’s Serbia].
2443. Soldati, A. 1984. Report 1982-83 of the “Working
Group for the Promotion of Soybeans in Northern Europe
and Canada.” Eurosoya No. 2. p. 55. April. [Eng]
• Summary: “According to the suggestion of the EUCARPIA
Section Oil and Protein Crops and the FAO–Network
on Soyabean the ‘Working Group for the Promotion of
Soybeans in Northern Europe and Canada’ began its work in
1981. During the first meeting which was held at Eschikon
near Zurich (Switzerland) the group discussed the general
topic of cold tolerance and determined a definite program for
future joint field work. A report of the meeting was published
in the Soybean Genetics Newsletter No 9 (1982), and in the
Report on the Consultation of the European Cooperative
Network on Soybean held in Seville, Spain, October 5-8,
1982.
“The Joint Field Trial: General agreement on the need
to evaluate the photoperiodic and temperature responses of
current varieties, lead to the design of a cooperative trial
across much of the cooler regions of Europe and Canada,
with a standard set of early cultivars, representative of the

cooler regions.
“The main objective of the Joint Field Trial is the
evaluation of growth and development of soybean plants
under different climatic conditions. For this reason, we have
also selected locations with good climatic conditions, which
are not in the northern part of Europe and Canada (Fig. 1).
“The group decided to work with 8 varieties and
chose both the early varieties Fiskeby V and Progres; the
well know early varieties Maple Presto, Maple Arrow
and McCall; the variety Gieso, known to show a different
reaction at the beginning of flowering; and the later ripening
varieties Argo and Evans.
“We were aware that the later ripening varieties do not
reach maturity in the cooler conditions, but for the evaluation
of adaptation, it is also important to know the limits for
growth and development.
“In 1982, 24 field trials were performed. With
collaboration of the breeders, it was possible to send seeds
to all participants during the month of March, 1982. All 24
trials were planted under normal conditions. Two trials could
not be harvested because of poor emergence and severe
hail damage. With two other trials, early fall frost killed the
plants before maturity. Therefore data is available from 20
trials.
“In 1983, 25 field trials were registered.
“Conclusions: The purpose of these joint field trials, is
to determine which climatic factors have the greatest impact
on the growth and development of soybeans in the northern
latitudes. This aim will be attained with the use of multiple
regression analysis. The results of these experiments will be
useful to the plant breeder when seeking a growth type best
fit to the climatic conditions.
“I would like to take this opportunity to thank the
participants of the Joint Field Trial for their efforts. Already
after one year, we have many results, and we are looking
ahead with optimism.” Address: Swiss Federal Inst. of
Technology (ETH), Crop Science Dep., CH-8307 EschikonLindau, Switzerland.
2444. Tilton, Varien R.; Russell, Sandra H. 1984.
Applications of in vitro pollination/fertilization technology.
BioScience 34(4):239-42. April. [21 ref]
• Summary: The authors present a brief history of in
vitro pollination/fertilization technology and discuss the
applications of this technology in modern plant science. They
also discuss 3 specific methodologies for in vitro pollination/
fertilization using the soybean as an example.
Figure 1 is a diagram of a mature soybean flower with
petals removed showing male and female reproductive
structures and growth of a pollen tube through the style into
the ovary where it grows into an ovule. Anthers are covered
with pollen. Actually the two events of pollination and
fertilization are distinctly separate. Address: Cell Biology
Section, Agrigenetics Advanced Research Div., 5649 East
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Buckeye Rd., Madison, Wisconsin 53716.
2445. Egli, D.B.; Orf, J.H.; Pfeiffer, T.W. 1984. Genotypic
variation for duration of seedfill in soybean. Crop Science
24(3):587-92. May/June. [24 ref]
• Summary: “There was a consistent relationship between
the growth stage estimates of seed filling period and EFP
[effective filling period] over all genotypes and across 2
years; however, late maturing check cultivars (MG IV and
V) showed longer filling periods, based on growth stage
estimates, than MG III check cultivars; but there were no
significant differences in EFP. The genotypes with long
filling periods could be useful in developing higher yielding
soybean cultivars, even though significant genotype x year
interactions frequently occur.” Address: Dep. of Agronomy,
Univ. of Kentucky, Lexington, KY 40546-0091.
2446. Hadley, P.; Roberts, E.H.; Summerfield, R.J.;
Minchin, F.R. 1984. Effects of temperature and photoperiod
on flowering in soya bean (Glycine max (L.) Merrill): a
quantitative model. Annals of Botany 53(5):669-81. May.
New Series. [35 ref]
• Summary: “Factorial combinations of five photoperiods (8
h 20 min, 10 h, 11 h 40 min, 13 h 20 min and 15 h) and three
night temperatures (14, 19 and 24ºC) combined with a single
day temperature (30ºC) were imposed on nodulated plants of
nine soya bean genotypes [Glycine max (L.) Merrill] grown
in pots in growth cabinets. The times to first appearance
of open flowers were recorded.” Photoperiod-insensitive
genotypes are discussed.
The higher the temperature, the faster the rate of
reproductive development in soybeans.
“Historically, the photoperiodic regulation of flowering
in soya beans has probably been one of the most researched
of any crop plant.” Address: Univ. of Reading, Dep. of
Agriculture and Horticulture, Plant Environment Lab.,
Shinfield Grange, Cutbush Lane, Shinfield, Reading, Berks
RG2 [UK].
2447. Li, Fushan; Chang, Ruzhen. 1984. The distribution
and types of wild soybean in China. In: S. Wong, et al.,
eds. 1984. Proceedings of the Second U.S.-China Soybean
Symposium. Washington, DC: USDA OICD. xix + 464 p.
See p. 262-65.
• Summary: Contents: Introduction. The geographical
distribution of wild soybean [Glycine soja] in China. Living
environment of wild soybean. Botanical characters and types
of wild soybean. Chemical component of seed of Chinese
wild soybean. Uses of wild soybean in breeding. Address:
Chinese Academy of Agricultural Sciences.
2448. Li, Ying. 1984. The relationship between the wild
soybean and its ecological environment [in China]. In: S.
Wong, et al., eds. 1984. Proceedings of the Second U.S.-

China Soybean Symposium. Washington, DC: USDA OICD.
xix + 464 p. See p. 266-68.
• Summary: Contents: Introduction. Materials and methods.
Results and discussion: Correlation between geographical
factors and wild soybean [Glycine soja] characters, effects
of weather on wild soybeans (accumulated hours of sunshine
and photoperiod, temperature, rainfall), the correlation
between its ecological environment and growth days.
Address: Shanxi Academy of Agricultural Sciences.
2449. Metz, G.L.; Green, D.E.; Shibles, R.M. 1984.
Relationships between soybean yield in narrow rows and
leaflet, canopy, and developmental characters. Crop Science
24(3):457-62. May/June. [21 ref]
• Summary: “Approximately 40 advanced generation
soybean... lines within each of three maturity groups for each
of two single-cross populations were yield tested in 35-cm
rows.”
“Soybean... seed yield in the Midwest has been
shown to increase in response to narrowing row width to
approximately 20 cm [7.87 inches] (Buhr, 1971; Ellingson,
1974; Green et al., 1977; Lehman and Lambert, 1960;
Moraghan, 1970; Shibles and Weber, 1966; Weber et al.,
1966; Wiggans, 1939; Wilcox, 1974). This yield increase is
usually attributable to an increase in pod numbers per unit
land area (Lehman and Lambert, 1960).” Address: Dep. of
Agronomy, Iowa State Univ., Ames, IA 50011.
2450. Nelson, Randall L. 1984. A brief history and current
status of the U.S. soybean germplasm collection. In: S.
Wong, et al., eds. 1984. Proceedings of the Second U.S.China Soybean Symposium. Washington, DC: USDA OICD.
xix + 464 p. See p. 41-44. [3 ref]
• Summary: A good historical overview. “Piper and Morse
(1910) reported that prior to 1898 not more than eight
cultivars were grown in the United States. Four of these
accessions are in the current collection. Although some were
important commercial cultivars at one time none is present in
the pedigree of any modern cultivar.
“Between 1898 and 1923 over 1000 soybean strains
were introduced into the United States. Most of these came
directly from Asia through research stations or grain dealers
located there or were brought back by various travelers from
the U.S. There was no concerted exploration effort because
soybeans were still a very minor crop during this period...
“From 1933 to 1974 only 2700 soybean accessions
were introduced however, during this time soybeans
changed from a minor forage crop to a major grain crop.
This increased importance of soybeans in U.S. agriculture
prompted the USDA to establish a Soybean Germplasm
Collection in 1949. The collection was divided into two
parts. Those adapted to the southern U.S. (maturity groups
V and later) were housed at the Delta Branch Experiment
Station in Stoneville, Mississippi and those adapted to the
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northern U.S. (maturity groups IV and earlier) were located
at the University of Illinois, Urbana. Of the 8156 soybean
introductions brought into the U.S. prior to 1949 only 1659
strains were still in existence at various research stations
when the collection was founded. Dr. E.E. Hartwig was the
original curator of the southern collection and continues to
hold that position. Dr. R.L. Bernard has been the curator of
the northern collection since 1954.
“The establishment of the germplasm collection had
two important ramifications. First, it provided an organized
means of preserving all soybean germplasm. Before 1949,
only selected introductions were saved by individual
scientists and nearly 80% of all soybean germplasm
imported was discarded... Secondly, the collection made the
germplasm resources readily available to soybean scientists
not only in the United States but throughout the world.”
Address: USDA ARS.
2451. Toumbi, Bienvenu; Gomes, Joaquim Vincente. 1984.
Etat de la question de l’implantation, du développement et de
l’amélioration de la culture du soja en Afrique noire [State of
the question of implantation, development, and improvement
of soybean cultivation in black Africa]. Paris: Club de Dakar.
101 p. [148 ref. Fre]
• Summary: Contents: Acknowledgments. Outline of the
report. Introduction: The world’s major soybean producers
1979-1984 with production, area and yields (USA, Brazil,
China, Argentina, Mexico), major soybean producers in
Europe (USSR, Romania, Yugoslavia, Bulgaria). Part I: The
implantation of soybean cultivation in black Africa. Zones of
production: Nigeria, Zimbabwe. Zones of experimentation:
Senegal, Cameroon (since 1924), Madagascar, Cote d’Ivoire
(since 1974), Togo (since 1969), Benin (since 1969), Ghana
(from 1909), Rwanda (from 1930), Upper Volta, Mali
(from 1977), Gabon, Other (Guinea-Bissau, Central African
Republic, Congo, Guinea, Ethiopia).
Part II: Development and improvement of soybean
culture. Improvement–Contribution of the research centers
and institutes (IRAT, IRHO, GERDAT): Localization of the
regions adapted to soybean cultivation, varietal selection
and inoculation. Development: Popularization of cultivation,
products derived from soya, mechanization of cultivation
(planting, harvest).
Part III: Socioeconomic aspects of the future of soy
projects in Africa. The problems of supply: The peasants, the
public powers. The markets for soya: For grain, for cake and
meal, for oil, the world market for soy proteins (flours, soy
concentrates, soy isolates, textured soy protein products),
African markets for soya. Conclusion.
Appendixes. I. General information about soya:
Cultivation, requirements of the plant (climate, water,
soil, photoperiod), good for use in crop rotations. II.
Techniques of inoculation. III. Products derived from soya.
IV. Consumption of soya in traditional products: In Africa

(Sumbala, faros or to de Soja, tofu, soy bread, soy as a
condiment, roasted soya used as coffee in Madagascar), in
Asia. V. Initials and abbreviations. Bibliography (extensive
but incomplete references; country by country as follows):
General (52 references). Africa (general; 3). Cameroun (24).
Central Africa (1). Cote d’Ivoire (16). Gabon (3). Upper
Volta [Burkina Faso] (4). Ethiopia (2). Madagascar (13).
Mali (4). Senegal (20). Togo (6).
A map of Africa (p. 15) shows 4 types of nations: (1)
Those now producing soybeans (mainly English-speaking
countries such as Egypt, Nigeria, Zaire, Uganda, Burundi,
Tanzania, Zambia, Zimbabwe, and South Africa); (2) Those
now producing and experimenting with soybeans (Senegal,
Guinea-Bissau, Cote d’Ivoire, Upper Volta, Cameroon,
Gabon, Rwanda, etc.); (3) Those only experimenting with
soybean cultivation (Mali, Guinea, Ghana, Togo, Benin,
Ethiopia, Central Africa Republic, and Madagascar); and (4)
Those apparently not either producing or experimenting with
soybeans (Morocco, Algeria, Tunisia, Libya, Mauritania,
Sierra Leone, Niger, Chad, Sudan, Djibouti, Somalia, Kenya,
Malawi, Mozambique, Angola, Namibia, Botswana).
Note: This book has an extensive but extremely poor
and hard to cite bibliography. In some cases even the year
of publication is missing. In no case is the number of pages
given. Address: Université Paris X., Nanterre, France.
2452. Vello, N.A.; Fehr, W.R.; Bahrenfus, J.B. 1984.
Genetic variability and agronomic performance of soybean
populations developed from plant introductions. Crop
Science 24(3):511-14. May/June. [3 ref]
• Summary: “The ultimate value of PI germplasm for
long-term improvement of yield can be determined only by
multiple cycles of recurrent selection in populations with
different levels of PI germplasm. The superiority in yield
exhibited by API4 compared with AP10 to AP13 may persist
for at least several cycles of selection.” Address: 1. Visiting
scholar, Dep. of Agronomy, Iowa State Univ., and assistant
professor, Dep. of Genetics, EWALQ, Univ. of Sao Paulo,
13400-Piracicaba-SP, Brazil; 2-3. Dep. of Agronomy, Iowa
State Univ., Ames, IA 50011.
2453. Board, J.E.; Hall, W. 1984. Premature flowering in
soybean yield reductions at nonoptimal planting dates as
influenced by temperature and photoperiod. Agronomy
Journal 76(4):700-04. July/Aug. [18 ref]
• Summary: “Abstract: The optimum time for soybean...
planting in the southeastern USA is from early May to early
June. Planting at other times has consistently resulted in seed
yield losses which have been blamed on premature flowering
induced by short photoperiods. Objectives in this study were
to characterize the photoperiod response of soybean cultivars
commonly grown in the southeastern USA, determine if
daylength differences between optimal and nonoptimal
planting dates in the southeastern USA are great enough
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to cause premature flowering, determine the interaction
of photoperiod and temperature factors on the length of
the vegetative stage, and evaluate the ability of delayed
flowering genotypes to avoid yield losses at nonoptimal
planting dates.” Address: 1. Asst. Prof.; 2. Research
Associate. Both: Dep. of Agronomy, Louisiana Agric. Exp.
Station, Louisiana State Univ. Agricultural Center, Baton
Rouge, LA 70803.
2454. Cregan, P.B.; Hartwig, E.E. 1984. Characterization
of flowering response to photoperiod in diverse soybean
genotypes. Crop Science 24(4):659-62. July/Aug. [9 ref]
• Summary: “Abstract: Photoperiodic response of soybean...,
[is] a major factor determining the latitude at which soybean
cultivars are grown. Soybean cultivars adapted to temperate
North America are often unproductive when grown under
short-day conditions because flowering and reproductive
growth are initiated before adequate vegetative growth has
occurred.”
“Genetics of Resistance and Designation of Races:
Breeding for pest resistance can proceed most efficiently
when the breeder understands the genetic basis of the host
plant’s resistance and the life history of the pest.”
A portrait photo (p. 305) shows Dr. Hartwig. Address:
1. Research Agronomist, USDA/SEA-AR, working in
cooperation with the Mississippi Agriculture and Forestry
Experiment Station, Stoneville, Mississippi.
2455. Tindale, Mary D. 1984. Two new eastern Australian
species of Glycine Willd. (Fabaceae). Brunonia 7(1):207-13.
Sept. 12. [4 ref]
• Summary: The two new species are Glycine argyrea
and G. cyrtoloba. Address: Royal Botanic Gardens, Mrs.
Macquarie’s Rd., Sydney, N.S.W. 2000, Australia.
2456. Seddigh, Majid; Jolliff, G.D. 1984. Night temperature
effects on morphology, phenology, yield and yield
components of intermediate field-grown soybean. Agronomy
Journal 76(5):824-28. Sept/Oct. [23 ref]
• Summary: “Small changes in geography and topography
can result in great differences in night temperature.”
“The data indicate that the genetic potential for seed
yield of indeterminate soybeans is not realized under low
night temperatures. This study emphasizes the importance
of night temperatures as a potential criterion for developing
new soybean cultivars.” Address: Dep. of Crop Science,
Oregon State Univ., Corvallis, OR 97331.
2457. Shurtleff, William; Aoyagi, Akiko. 1984. How to
grow soybeans in your home garden. Soyfoods Center, P.O.
Box 234, Lafayette, CA 94549. 7 p. Oct. 15. Unpublished
typescript. [3 ref]
• Summary: Contents: Introduction. Growth requirements:
Latitude and climate, soil conditions. Selecting seed:

Photoperiod sensitivity, maturity groups, vegetable versus
field soybeans, sources of seed, how much seed to use.
Inoculation. Soil preparation and planting: Planting date,
soil preparation, row and seed spacing. Crop management.
Protection. Harvesting. Drying and storing the soybeans.
Saving seed. Putting the garden to bed. Bibliography.
“This spring, why not plant some soybeans in your
home garden or (biointensive) mini-farm? Although most
soybeans in America are grown on huge farms, they are very
easy to grow on small plots, and the rewards, especially in
delicious green vegetable soybeans, are well worth the effort.
“Nationwide surveys in 1980 showed that from 4347% of American households had a vegetable garden, and
the percentage is steadily increasing as people discover that
gardening is a wonderful way to save money, get closer to
Mother Nature, exercise, and relax; some now call gardening
‘horticultural therapy.’ A garden can give you delicious
food at its peak of freshness, flavor, and nutritive value,
free of chemical fertilizers, pesticides, and herbicides, and
at very low cost. Moreover, a home garden helps us all to
conserve energy in at least three ways: (1) the gardener’s
labor is substituted for gasoline in farm machinery; (2)
fertilizer from a compost pile can replace energy-intensive
chemical fertilizers and save the gas used by the garbage
man; and (3) it eliminates the huge amounts of energy used
in transporting, processing, packaging, and storing the food,
then going to market to pick it up in your car.
“Growth Requirements. An extremely hardy crop,
soybeans will grow well in most parts of North America on
nearly all types of soil, wherever corn grows well.
“Latitude and Climate. Most soybeans in North America
are grown in the Corn Belt or northern Cotton Belt, along
the Mississippi River at 35-45 degrees north latitude (Fig.
1). The states with the greatest production are Iowa, Illinois,
Minnesota, Indiana, Ohio, and Missouri. However soybeans
grow well wherever corn does, in virtually any temperate
climate with a fairly humid, warm summer. They thrive well
up in Canada (Ontario is the major producing province) and
down into the Deep South along the Gulf of Mexico. In some
areas such as Arizona, New Mexico, and parts of California,
where there is very hot weather while the pods are forming,
the plants grow well but the seeds remain very small.
Likewise at high altitudes where the nights are cool the seeds
often fail to mature. Fortunately soybeans are quite resistant
to frost, drought, and excessive moisture.
“Some varieties of soybeans do very well in the tropics
and semitropics. Since 1973 INTSOY, the International
Soybean Program at the University of Illinois, has developed
improved varieties that give excellent yields in such areas.
This has led to rapid increases in soybean production in
countries such as India, Egypt, and Sri Lanka.
“Soil Conditions. Soybeans grow best in well-drained
fertile loams or sandy loams, the same soil preferred by corn.
The ideal soil pH is 6.5 to 6.8.
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“Selecting Seed. Much of the success in growing
soybeans in a garden depends on selecting the right variety
of seed.
“Photoperiod Sensitivity. Soybeans have one important
characteristic that distinguishes them from many other beans:
a built-in time clock. The plant gets its signals for flowering
not from the air temperature but from the length of the day
(actually, the length of the night) or, as agronomists and
botanists say, the photoperiod. Long days (short nights)
delay flowering; short days (long nights) speed up flowering.
During midsummer, when most soybeans flower, the days
are longer the farther you move away from the equator. For
example, on June 22, the day length at the equator (which
is constant year-round) is 12 hours and 48 minutes, while
in Minneapolis, Minnesota it is 15 hours and 37 minutes.
Because of their sensitivity to the photoperiod, most soybean
varieties will only produce a good crop in a band no wider
than 150 miles from north to south. North of this band the
variety will flower and mature later than is desirable; south
of it, earlier.
“Maturity Groups. Seed soybeans are classified into
various maturity groups based on the number of days
required for the plant to mature. In North America there are
ten such groups, each corresponding approximately to one
of the horizontal bands shown in Figure 7.3. Varieties in
the 00, 0, and I maturity groups, adapted to northernmost
production areas, are called early, early maturing, or short
season varieties; they mature in 80-90 days? to suit the short
growing season and the delay in flowering caused by the
long days. They will flower in almost continuous daylight.
Varieties in maturity groups III through V are intermediate
varieties that mature in 90-100 days? And varieties in groups
VI through VIII, the late maturing varieties adapted to
southern warm climates, take 100-150 days to mature. There
are more than 100 varieties of soybeans currently available in
North America and new improved varieties that give higher
yields (or higher protein yields), are more resistant to insects
and disease, and less sensitive to photoperiod limitations are
constantly being developed by private plant breeders and
agricultural colleges. Each variety belongs to one maturity
group. All varieties are bush beans, not pole beans.
“Vegetable versus Field Soybeans. When ordering
soybeans you should specify whether you want the largeseeded vegetable-type (also called edible- or garden-type)
beans or the smaller field-type beans. Vegetable-type
soybeans are recommended for home gardens; they are best
for green vegetable soybeans, easier to cook and shell, and
better flavored. Present popular varieties (with the number
of days required to produce green vegetable soybeans and
the number required to yield mature dry soybeans shown in
parentheses) include: Prize (85/115), Kim, Kanrich (60/90),
and Giant Green. Popular field beans that are good for tofu,
soymilk, tempeh, etc. include: Amsoy (70/100), Corsoy,
Fiskeby V? (68/69). Two black-seeded soybeans are Panther

(85/115), and Oriental (70/100).
“Sources of Seed. Probably the easiest way to obtain the
right soybean variety for your garden is to contact one of the
following national mail-order seed companies in the USA:
W. Atlee Burpee Co., Warminster, Pennsylvania 18974.
Kitazawa Seed Co., 356 W. Taylor St., San Jose,
California 95110.
Johnny’s Selected Seeds, Albion, Maine 04910.
For northern latitudes. When you order be sure to tell
them where you live, Whether you want vegetable-type
or field-type beans, and ask for inoculum for the beans
(see below). If you use stored seed, be sure it is not more
than one year old, lest it fail to germinate well. Properly
stored, certified seeds give assurance of quality. For more
information on seeds, contact your local county agricultural
agent, extension service, or college.
“How Much Seed to Use. One pound of seed (600900 soybeans) will plant about 150 feet of garden rows,
yielding 20-25 pounds of shelled green vegetable soybeans;
this should be enough to feed a family of four. Typically 90
pounds (range 50-150 pounds) of soybeans will plant one
acre; the bigger each seed and the narrower the rows, the
more pounds of seed per acre are needed.
“Inoculation. For soybean plants to produce large yields
of soybeans with a high protein content, it is important
that they have proper strains of nitrogen-fixing Rhizobium
japonicum bacteria living in their root nodules. The soybean
rhizobia are not native to most soils. So unless your plot has
grown a good crop of well-nodulated soybeans within the
past 3-5 years and thus contains enough of these bacteria,
you should inoculate your seed before it is planted with
a commercial powdered inoculum or with soil from a
plot that has recently grown well-nodulated soybeans. A
majority of farmers inoculate their seeds year after year, but
many gardeners inoculate only once. The soybean rhizobia
inoculum can be purchased from most seed dealers at the
same time you buy your seed beans;” (Continued). Address:
Lafayette, California.
2458. Shurtleff, William; Aoyagi, Akiko. 1984. How to grow
soybeans in your home garden (Continued–Document part
II). Soyfoods Center, P.O. Box 234, Lafayette, CA 94549. 7
p. Oct. 15. Unpublished typescript. [3 ref]
• Summary: (Continued): “it is sold at some nursery supply
stores. Use only an inoculum prepared specifically and
only for soybeans, preferably for your specific variety. The
culture will contain an almost astronomical number of live
(viable) bacteria, enough for about 1 million per seed to be
inoculated. Larger quantities of inoculum can also be ordered
direct from the producer such as Nitragin Inc., 3101 W.
Custer Ave., Milwaukee, Wisconsin 53209. Follow directions
on the package. In most cases, the seeds are inoculated
by dampening them and mixing in the required amount
of inoculum. Note that many fungicides will kill soybean
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rhizobia. Note also that the single most common cause of
soybeans’ failure to produce a good crop is lack of proper
bacteria in the soil; this causes the plants to produce very
small beans and yellowish (unhealthy) leaves. Actually on
soils that are very rich in nitrogen, soybeans will do quite
well even if there are no soybean rhizobia in the soy, but the
soybeans will quickly draw the nitrogen from the soil and the
seeds will generally have 15-20% less protein.
“Soil Preparation and Planting. As spring approaches
you should have your seeds and inoculum ready. Soybeans
are as easy to grow as snap or pole beans.
“Planting Date. Plant your soybeans as soon as possible
after the last expected frost. In most parts of the Midwest
soybeans are planted on about May 1, however if the weather
is still unusually cold, planting may be delayed until May 15.
It is possible to have a supply of green vegetable soybeans
from midsummer to late fall by doing several successive
plantings of the same variety at intervals of 7-10 days, or by
planting several varieties from different maturity groups at
the same time. Beans for green vegetable soybeans can be
planted as late as 70 days before the first fall frost, and easily
as late as June 1. To get early beans or a long season, start
some of the beans in a greenhouse.
“Soil Preparation. Soybean roots like to go deep, so dig
your beds deep. The deepest roots go down 3½ to 4 feet,
although most are within 6 inches of the surface. You may
wish to dig down 18-24 inches with biointensive-type double
digging, deep bed methods. If you have a soil testing kit
(available at low cost at many nurseries), test the soil pH.
Ideally it should be 6.5 to 6.8. If it is too low, work enough
lime (in the form of ground limestone or dolomite) into
the soil to raise the pH above 6.5. Liming, which also adds
essential calcium to the soil, is the most important part of
soil preparation. Next work in plenty of natural compost and,
if available, well-rotted manure or stable bedding. Soybeans
do not need any commercial fertilizer if they are planted in
well composted soil. Where organic fertilizers are not used
it is advisable to dig in some potassium (K, the natural form
is potash from wood ashes) and some phosphorus (P, natural
forms include rock phosphate and bone meal). Use about
5 pounds of each for every 100 square feet of soil. On low
fertility soils, typical farmers add 200-400 pounds of 0-2020 NPK fertilizer or 8-10 tons of manure per acre (43,560
square feet). Nitrogen fertilizer need not be added, since the
soybeans produce their own. Applications of micronutrients
such as iron, manganese and molybdenum increase yields
under most conditions.
“Row and Seed Spacing. In your garden lay out either
regular rows 15-20 inches apart, or narrow rows 7-15
inches apart. Drop in seeds 2½ to 3 inches apart (4½ to 5
seeds per foot of row) and 1 to 1½ inches deep (2 inches
deep in coarse soil). You can give the seeds a head start by
sprouting them for 1-2 days prior to planting. Biointensive
gardeners get very high yields by planting their soybeans

in a solid triangular grid pattern with one soybean at each
corner of many connected 6-inch equilateral triangles.
Cover the beans with well crumbled soil, pack lightly, and
water well. You may want to lay down a layer of mulch
(such as compost, lawn trimmings, or leaves) over the rows
to conserve moisture, prevent soil crust formation, shade
out weeds, and prevent erosion. For companion plants, soy
grows with anything and helps everything. You may want
to try interplanting soy with corn, since both grow under the
same conditions and the soy feeds free nitrogen to the corn,
which needs a lot of it. Soy also does well interplanted with
tomatoes or beets.
“Crop Management. Germination starts when soil
temperatures are about 10ºC (50ºF). The young plants should
emerge 5-10 days after planting; the warmer the soil, the
earlier the emergence. Although most soybeans grown on
large farms are not irrigated, garden soybeans should be
watered every few days and whenever they begin to wilt.
Do a first weeding 2-4 weeks after planting and a second
weeding after flowering. If you feel it necessary to add
fertilizer after the plants emerge, place it 1½ to 3 inches to
the side of each plant, not in direct contact with the plant.
Soybeans begin to flower as the days start to shorten in
late June, when the plants are 24-36 inches tall; the flowers
are self-pollinating, so no bees are needed. The first pods
will appears 10-14 days after the first flowers. They will
soon be covered with fuzz and will fill rapidly as maturity
approaches.
“Protection. Soybeans in home gardens are seldom
bothered by insects or disease but watch out for rabbits,
woodchucks, and other small rodents; they love young
soybean plants more than almost any other plant in the
garden. To keep them out, put up a good wire fence or
protective cover, or sprinkle bloodmeal (a soil nutrient)
around the plot to frighten them away.
“Harvest. Since dry soybeans are widely available at
low prices and are somewhat difficult to harvest, most people
who grow garden soybeans serve them as green vegetable
soybeans. These beans should be ready 70-90 days after
planting, around mid-July. Pick them as soon as the bright
green pods have filled with succulent green soybeans, just as
they mature but before the pods (and leaves) start to yellow.
Watch your crop carefully and harvest quickly, since most
varieties only stay at their peak of tender freshness for 5-10
days. Generally all beans on a plant ripen at about the same
time, so rather than harvesting the pods continuously, most
people simply uproot the entire plant or cut off the stem
just above the ground, then find a shady spot to pick off the
pods. Since the fresh beans begin to lose flavor and nutrients
rapidly after they are picked off the stems, they are best
when cooked and served (or frozen) within several hours
after picking; for recipes, see Chapter 22. After shelling, the
green vines may be composted, dug back into the soil as
green mature, or fed to livestock.
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“Putting the Garden to Bed. Since organic fertilizers
take time to break down, they are best added to the soil in the
fall. So after your crop is harvested, first supply the soil with
lime (if necessary) by sprinkling it with wood ashes, crushed
egg shells, or crushed limestone. Then till or spade in the
soybean pods and stalks from your garden. Next year, plant
your soybeans in another part of the garden to enrich that
part. Rotate other non-legume crops onto the former soybean
plot so that they can take full advantage of the free nitrogen
fertilizer in the soil. Rotation also helps minimize plant
diseases.
“Resources. In order of importance. (1) Hobson 1978, p.
6-18; (2) Chen 1956, p. 125-138; (3) Scott and Aldrich 1970.
“Hobson, Phyllis. 1978. The Soybean Book. Growing
and Using Nature’s Miracle Protein. Charlotte, VT: Garden
Way Publishing. 172 p.
“Chen, P.S. 1956. Soybeans for Health, Longevity, and
Economy. Revised, ed. 1973. Soybeans for Health and a
Longer Life. New Canaan, CT: Keats Publ. Co. 178 p.
“Scott, W.O. and Aldrich, S.A. 1970. Modern Soybean
Production. Champaign, Illinois: S & A Publications. 192 p.”
Address: Lafayette, California.
2459. Hymowitz, Theodore. 1984. Dorsett-Morse soybean
collection trip to East Asia: 50 year retrospective. Economic
Botany 38(4):378-88. Dec. [38 ref]
• Summary: Contents: Introduction. The plant explorers–
Dorsett and Morse (a biographical sketch of each member
of the expedition. Palemon Howard Dorsett, a veteran plant
explorer and senior member of the team, was age 67 at the
time of the trip to East Asia. Dorsett’s son, Jim, who had
accompanied him on a plant exploration trip to Asia during
1924-1926, died of tuberculosis on 8 Oct. 1927. Dorsett’s
daughter-in-law, Ruth B. Dorsett, accompanied him on the
Dorsett-Morse expedition. William Joseph Morse was the
junior member of the team and the specialist in soybeans–age
45 when the team left for East Asia. He was accompanied by
his wife, Edna, and their daughter, Margaret).
Oriental Agricultural Exploration Trip (gives all
key dates, places, and events on the trip). Dorsett-Morse
collection. Soybean collection (a detailed discussion,
including history and varieties): “This paper is devoted to
the analysis of the 4,451 soybean (Glycine max) accessions
collected by P.H. Dorsett and W.J. Morse during their plant
exploration trip to east Asia 1929-1931. Until about 1950
the collection was used primarily for the development
of vegetable type soybean cultivars. During this period
many of the accessions were lost. Today only 945 of
the original 4,451 accessions are available in the United
States soybean germplasm collection. From the 1950s to
the 1980s, as soybean production increased in the United
States, so did plant pathogen problems. The Dorsett-Morse
soybean accessions have been extremely valuable to plant
pathologists and breeders as sources of resistance to certain

pathogens. Individual genotypes in the collection have been
used for genetic studies on morphological, physiological and
biochemical traits. Due to the development and distribution
of higher-yielding soybean cultivars, farmers in East Asia are
no longer growing lower-yielding landraces. Although these
landraces are now extinct in east Asia, many were collected
by Dorsett and Morse and are preserved in the United States
soybean collection. Over the years, the Dorsett-Morse
collection has increased in value and will be as useful to
soybean scientists in the future as it has been in its first 50
years of existence.”
“According to Piper and Morse (1923) no more than
8 soybean cultivars were grown in the United States prior
to 1898. In 1898, the Office of Foreign Seed and Plant
Introduction was established within the United States
Department of Agriculture (USDA) to centralize introduction
activities. Introduced plants were assigned permanent
numbers under the Plant Introduction (P.I.) designation
system. The first soybean listed in the P.I. system was P.I.
480 from South Ussurie, Siberia. The seeds were received
from Professor N.E. Hansen in March, 1898 (Cook, 1898).
“Between 1898 and 1928, approximately 3,000
accessions of soybeans were introduced into the United
States from China, Japan, Korea and India (Bernard, 1983).
The collections were made principally by P.H. Dorsett, F.N.
Meyer, and C.V. Piper. In the mid-1920s it was apparent to
the USDA that the soybean was becoming a major American
crop. Funds were allocated to send 2 plant scientists on
a major expedition to Japan, Korea and northeast China,
primarily to collect soybean germplasm and also to collect
seed and propagating material of other crops of interest.”
“Dorsett-Morse Collection: Dorsett and Morse sent back
to Washington, DC, approximately 9,000 accessions of seed
and propagating material (Ryerson, 1930). About half the
accessions collected were soybeans (Table 1); the other half
consisted of representatives from 230 genera. Individually
or jointly, Dorsett and Morse collected germplasm from fruit
and vegetable markets, food and flower shows, experiment
stations, botanical gardens, seed companies, farms, factories
making soybean and other food products, processing plants,
and from the wild. In certain instances they contacted
individuals to make collections of specific indigenous plants.
In addition, they pressed 814 herbarium specimens, mostly
5 sheets each. They also brought back boxes containing
butterfly, moth, wasp, spider and ant specimens.
“The explorers returned with 3,350 black-and-white still
pictures, 6,700 ft of standard black-and-white motion picture
negative and 2,400 ft of colored motion picture negative.
Lastly, they brought back 210 publications, 341 different
soybean food products and 236 bamboo-made articles
(Dorsett and Morse, 1928-1931).”
“The Dorsett-Morse collection trip cost approximately
$25,000. Even with today’s inflated dollars the benefits
gained by United States soybean farmers, processors, and
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consumers greatly exceed the original collection cost.”
Talk with Ted Hymowitz. 1998. June 15. In fact, the
value to American farmers of one soybean introduced by
this expedition, P.I. 88788, which is a source of resistance
to soybean-cyst nematode (SCN) races 3 and 4, is greater
than the cost of the entire expedition–several times over.
Interestingly, it was not until the late 1980s and 1990s, some
60 years after the expedition, that the resistance contained
in this one soybean began to be utilized by U.S. soybean
breeders. This is a good example of the importance of
collecting and preserving germplasm, whose value may not
be known until many years later.
Tables show: (1) Soybean accessions introduced into
U.S. by Dorsett and Morse and currently available in the
U.S. soybean collection: 1929–366 in original collection
/ 126 currently available. 1930–2,261 / 554. 1931–424 /
206. 1932–1,400 / 59. Total–4,451 / 945 (=21.2% currently
available).
Table 2. 41 of their soybean introductions that by
simple selection became cultivars in the USA and Canada,
with P.I. number, place of origin, and Maturity Group:
Cultivar names: Agate, Aoda, Arisoy, Bansei, Bansei
(Ames), Cherokee, Chusei, Delsoy, Emperor, Etum, Fuji,
Goku, Green and Black, Hakote, Hidatsa, Higan, Hokkaido,
Imperial, Jackson, Jefferson, Jogun, Jogun (Ames), Kanro,
Kanum, Kura, Magnolia, Mendota, Nanda, Osaya, Rokusun,
Sac, Sato, Seminole, Shiro, Sioux, Sousei, Tastee, Toku,
Waseda, Willomi, Wolverine.
Table 3. Eight “vegetable-type soybean cultivars
developed in the U.S. by hybridization and selection from
germplasm introduced by Dorsett and Morse:” Disoy,
Kanrich, Magna, Perry, Prize, Shore, Verde, and Yelnanda.
Table 4. Selected soybean introductions by Dorsett
and Morse with resistance to certain pathogens: Column 1,
organism (Fungal, bacterial, viral, and nematode pathogens).
Col. 2, Disease. Col. 3, Source of resistance (PI numbers).
Table 5. Introductions by Dorsett and Morse listed in
the soybean genetic type collection: Column 1, lines (11).
Col. 2, P.I. number. Col. Description (Narrow leaflet, dense
pubescence, black pod, etc.).
Note 1. This is the earliest English-language document
seen (Oct. 2013) that uses the term “landraces” (or
“landrace,” spelled as one word) to refer to indigenous
soybean varieties. Note 2. Before writing this article, Ted
read the 17-volume log of the Dorsett-Morse Expedition, first
for 2 days at the American Soybean Association headquarters
in St. Louis, Missouri, and then using a microfilm of the log
sent by ASA. Then he went through the published USDA
Plant Inventory volumes compiled by the Office / Division
of Foreign Plant Introduction. Finally he compared the
latter list with the names and SPI numbers of varieties in the
USDA germplasm collection. Address: Crop Evolution Lab.,
Dep. of Agronomy, Univ. of Illinois at Urbana-Champaign,
Urbana, IL 61801.

2460. McBlain, Brian Arley. 1984. Studies of soybean
maturity genes. PhD thesis, University of Illinois, Urbana,
Champaign. 92 p. Dissertation Abstracts 85:02239.
Address: Univ. of New South Wales, Kensington, NSW,
Australia.
2461. Pueppke, Steven G.; Hymowitz, Theodore. 1984.
Genetically uniform seeds: Important starting materials for
molecular studies. Plant Molecular Biology Reporter 2(1):17. [24 ref]
• Summary: In any study, only genetically uniform seeds
should be used. This paper outlines general guidelines
for obtaining and maintaining pure seed. Using soybean
as a case in point, it provides examples of genetically
heterogeneous lines and the difficulties that such lines can
create.
Discusses five possible sources of nonuniformity of
seeds in a given line: (1) Heterozygosity in the original
parent lines. (2) Mutation. (3) Cross-pollination. (4)
Accidental contamination during harvest, seed cleaning, or
handling. (5) Multilines, which are mixtures of several pure
lines that have been blended mechanically.
“In self-pollinating plants such as soybean, natural
cross-pollination is associated with insect vectors such as
the honeybee. The resulting heterozygous seeds introduce
genetic contamination into the bulked seedlots from the
field.” Address: 1. Dep. of Plant Pathology, Univ. of Florida,
Gainesville, FL 32611; 2. Dep. of Agronomy, Univ. of
Illinois, Urbana, IL 61801.
2462. Millhollon, Eddie Paul. 1984. The relationship
between photosynthesis and the capacity for nitrogen fixation
in soybean. PhD thesis, The Louisiana State University and
Agricultural and Mechanical College. 130 p. Page 1019 in
volume 46/04-B of Dissertation Abstracts International. *
Address: The Louisiana State Univ.
2463. Peterman, Teresa Kaye. 1984. Soybean lipoxygenase:
Molecular and physiological studies. PhD thesis, Duke
University. 177 p. Page 2393 in volume 45/08-B of
Dissertation Abstracts International. *
Address: Duke Univ., Durham, North Carolina.
2464. Raboy, Victor. 1984. Phytic acid in developing and
mature seed of soybean [Glycine max (L.) Merr.] and
Glycine soja Sieb. & Zucc. PhD thesis, Dep. of Horticulture,
University of Illinois at Urbana-Champaign. xiii + 123 p.
Illust. No index. 28 cm. Dissertation Abstracts International
B45 (8) 2393-2394. Order no. 8422801. [91 ref]
• Summary: Seed of the soybean lines contained from 13.9
to 23.0 mg per gram phytic acid, while seed of the Glycine
soja lines contained from 18.8 to 27.7 mg per gram phytic
acid. High yielding soybean cultivars tended to have the
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lowest concentrations of phytic acid. Phytic acid was highly
correlated with seed protein among soybean lines (r= 0.74),
and to a lesser extent with seed zinc (r = 0.63).
The seeds of all lines studied had sufficient phytic acid
concentrations to warrant concern for its adverse effect on
the mineral nutrition of non-ruminant animals, if those seeds
were utilized as a major source of dietary protein. The large
range of phytic acid concentrations observed among soybean
lines and the viability of seeds with experimentally reduced
phytic acid levels supports the feasibility of breeding for
reduced phytic acid.
Contents: 1. Introduction. 2. Review of literature:
The phytic acid content of soybean cultivars, genotypic
and environmental variation in phytic acid, accumulation
of phytic acid during seed development. 3. Materials and
methods: Analytical methods, experiments. 4. Results and
discussion: Survey of the germplasm collection, effects of
available soil P on the seed P fractions of twelve soybean
cultivars, nutrient culture studies, the time-course of
phytic acid accumulation in developing soybean seeds.
5. Conclusions. Literature cited. Appendixes 1-4. VITA.
Address: Univ. of Illinois.
2465. Ruiz-Vega, Jaime. 1984. Soybean phenology and yield
as influenced by environmental and management factors.
PhD thesis, Iowa State University. 174 p. Page 7 in volume
46/01-B of Dissertation Abstracts International. *
• Summary: Webster’s Dictionary defines phenology (a term
first used in about 1884) as: “1: a branch of science dealing
with the relations between climate and periodic biological
phenomena (as bird migration or plant flowering). 2: periodic
biological phenomena (as of a kind of organism) that are
correlated with climatic conditions.” Address: Iowa State
Univ., Ames, Iowa.
2466. Specht, James E.; Williams, James H. 1984.
Contribution of genetic technology to soybean productivity–
Retrospect and prospect. In: W.R. Fehr, ed. 1984. Genetic
Contributions to Yield Gains of Five Major Crop Plants.
Crop Science Society of America Special Publication No. 7,
Madison, Wisconsin. viii + 101 p. See p. 49-74. Chap. 3. [30
ref]
• Summary: “Abstract: Commercial soybean... yields in
the USA have increased at an annual rate of about 21 kg/ha
from 1924 to 1980. This increase in soybean productivity
is attributable to improvements in cultivars and agronomic
practices. The degree of genetic improvement has been
estimated in several previously published reports to be
about 10 to 18 kg/ha annually based on yield comparisons
of obsolete and modern soybean cultivars. Our 3-year
evaluation of 240 cultivars of maturity groups 00 to IV
released during the period 1902 to 1977 indicated an average
annual rate of genetic improvement of 18.8 kg/ha for the 75
years, ranging from 14 to 29 kg/ha annually within each of

the six maturity groups. In comparison, the average annual
rate of yield improvement in 19 northern states where one
or more of these cultivars are grown was 23.7 kg/ha. A
significant portion of the total genetic improvement during
the 75-year span occurred as a one-time increase of 15
to 25% in genetic yield potential during the 1940s, when
cultivars derived from plant introductions were replaced by
cultivars derived from hybridization breeding programs.
Consequently, the average annual genetic gain in yield since
1940 has been only 12.5 kg/ha. Soybean breeders have also
effected significant increases in 100-seed weight and lodging
resistance and decreases in plant height during the 75 years
of cultivar improvement.
“An analysis of the pedigrees of 136 soybean cultivars
that originated from hybridization breeding programs
during 1939 to 1981 revealed that only a limited number of
ancestral introductions contributed germplasm. Only five
introductions were the cytoplasm source for 121 of the 136
cultivars. The ancestry of the nuclear material in these 136
cultivars was also narrow, with 12 introductions contributing
about 88% of the germplasm. Traditional breeding
procedures that emphasize the mating of elite strains are, in
effect, continually recombining the genes contributed by a
limited group of ancestral introductions...”
“The average commercial yield of soybeans... in the
USA has increased from 743 kg/ha in 1924 to a record 2161
kg/ha in 1979 (USDA, 1980). During this same 56-year
period, U.S. soybean production increased from 0.13 million
t [metric tons] to a record 61.72 million t. This 450-fold
increase in production reflected a threefold increase in yield
per unit area and a 150-fold increase in the U.S. production
area from 0.18 million to a record 28.56 million ha.”
Address: Dep. of Agronomy, Univ. of Nebraska, Lincoln, NE
68583.
2467. Rao, A.S.; Wagle, D.S. 1985. Correlation of some
enzyme activities with axis growth in seedlings raised from
aged soyabean seeds. Current Science (Bangalore, India)
54(6):266-68. March 20. [22 ref]
• Summary: “Abstract: Activities of ten enzymes were
monitored separately in axes and cotyledons of 5-day
old seedlings raised from 0, 2, 4 and 6-day aged seeds of
Bragg, Hardee and T-49 cultivars of soybean... In general,
irrespective of the basis of expression of enzyme activity
and cultivar, the activities of acid phosphatase, ribonuclease,
isocitrate lyase and malate synthetase were significantly
and positively correlated with axis growth. Possible role of
these enzymes in axis growth is discussed.” Address: Dep.
of Chemistry and Biochemistry, Haryana Agricultural Univ.,
Hisar 125 004, India.
2468. Amaducci, M.T.; Rosso, F.; Venturi, G. 1985.
Introduction et développement du soja en Italie [Introduction
and development of soya in Italy]. Eurosoya No. 3. p. 88-90.
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April. [Fre]
• Summary: Since 1940, there have been many attempts to
introduce soybean (soja) crops in Italy.
The results have always been disappointing, either
because the varieties were not suitable for the environment,
or the growing techniques were incompatible; but also
because the prices were not profitable.
With limited production and low prices, soybeans
were not competitive in relation to other crops. Moreover,
the country’s economic and agricultural situation was not
conducive to introducing a new crop to replace traditional
ones: wheat, beets, corn, etc.
In the early 1980s, the situation changed dramatically:
Italy was importing 1.5 million tons of flour and press cakes
(tourteaux), around 90% of which were made from soybeans.
Taking into consideration raw and refined imported oils
as well, currency outflows exceeded 600 million dollars per
year.
In addition, in order to satisfy its needs, the E.E.C.
[European Economic Community] had become almost
completely dependent on imports of plant-based protein
flours (80%) and vegetable fat-based protein flours (70%), of
which soybeans represented 55% and 70%, respectively.
At this time, a surplus of grains was being produced in
the E.E.C., while in the short term the goal was only to grow
enough for the domestic market.
All of these factors led to talks of promoting soybean
cultivation in Italy, which was proving not only desirable,
but vital.
This necessity that arose from the national economic
policy coincided with the increasingly urgent search by farms
for an alternative crop that could be added to the traditional
rotations and generate satisfactory revenue, since production
costs for traditional crops were rising more quickly than the
selling prices for their products.
In the north, in the Po Valley, corn crops had virtually
become a monoculture; south of the Valley, a beet-wheat
rotation had been used for a long time, while in south-central
Italy, the predominant crops were fall-seeded grains. At the
same time, alfalfa was becoming less profitable and was
progressively removed from rotations.
Increasingly short rotations, essentially leading to the
repetition the same crop (corn), began to create problems
due to both the spreading of parasites, and the greater
difficulty of fighting self-propagating plants and lower soil
productivity.
As a result, production costs went up, since more
technical methods were needed to maintain the production
levels.
This is why farms sought a crop that could resolve
these problems, which they could add to these rotations to
increase production levels and reduce costs, while ensuring a
significant source of revenue.
Moreover, the Italian processing industry, capable

of processing around 2 million metric tons of seeds–a
production of more than 600,000 hectares (with a yield of
3 metric tons per hectare)–was particularly interested in
national soybean production.
The alignment of these interests–the national economy,
farms and the processing industry–created the conditions
necessary for the testing, introduction and popularization of
soybeans in Italy.
Public research, coordinated within the Ministry of
Agriculture’s Project of Oilseeds (Projet des Oléagineux
du Ministère de l’Agriculture), was able to collaborate with
private research to confirm the results obtained from farming.
The key challenge was to identify suitable maturity
groups, and within these groups, the most appropriate
varieties for the different areas where crops could be grown.
Concurrently, growing techniques were developed.
Thanks to existing ties between public research and
cooperative sectors, results could be verified at the farm
level, using crucial information about the level of production
and the crop’s economic response.
The farmers’ development efforts were therefore
supported by serious data supplied by a group of wellcoordinated groups: public and private research, along with
the largest processing industry (Gruppo Ferruzzi), which
both provided technical assistance to farmers and purchased
soybeans at a guaranteed fixed price prior to seeding.
This led to an expansion of soybean cultivation, which
went from 125 hectares in 1980 (experimental phase) to 300
hectares in 1981, leading to the true rollout of the crop in
1982 (2,900 ha).
Beginning in 1982, many Italian farms, particularly in
the north, began to see this crop’s value: soybean acreage
increased nearly tenfold in 1983, and then increased by 37%
in 1984, even though the results in 1983 were not satisfactory
(see table 1).
Currently, around 90% of soybean acreage is
concentrated in the Po Valley, where the crop has found the
most favorable conditions due to:
(a) rains that are more spread out and abundant, and a
higher level of relative humidity (a low of 40 to 45%, and a
high over 85%) during the growing cycle;
(b) deep soils with high fertility;
(c) an organization of farms that facilitates the reception
of this new crop.
Over three years, from 1982 to 1984, yields met
expectations in spite of some annual variations, particularly
in the main crops, due to the amount of rainfall recorded in
July, a period when soybean pods generally form and fill out
(remplissage).
Tables 1 and 2 show the relationship between yields and
weather conditions (rainfall and sum of temperatures).
Sum temperature values (May to September) decreased
progressively over the three years studied without affecting
levels of production.
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This confirms, among other things, that the maturity
groups responded well, and their temperature requirements
were met.
The decreased yield observed in 1983 was essentially
due to the low rainfall recorded in July, in a year when the
growing cycle was regular. The same effect was not observed
in 1984, because the crops were late-growing due to low
temperatures, which meant that the critical water period for
the crops (when the pods grow) coincided with the rains
recorded in the first ten days of August.
Independent of weather conditions, the production levels
varied each year depending on the maturity groups (tables
3 and 4). The groups were selected by producers based on
their yield, but above all based on the rotations used, and
particularly the time when the post-soybean crop is sown.
The possibility of doubling soybean crops after sixrowed barley, and often after peas or wheat, has proved
beneficial, particularly when the soybeans are sown during
the first ten days of July. In theory, this delayed growing
cycle allows the reproductive phase to coincide with the endof-summer rainfall.
This is why the level of production for double crops
over the years has been very similar to the yields from main
crops in the United States.
Tables show: (1) The area planted to soybeans in ha in
all of Italy and in the Po Valley, and the percentage planted
in the Po Valley in three years: 1982: 2,900 / 2,600 / 89.7%.
1983: 26,278 / 23,195 / 88.3%. 1984: 35,960 / 33,000 /
91.8%.
(2) Rainfall and sum of the temperatures in the Po Valley
in May to September, July and August for the same three
years.
(3) Average yields (in quintals/ha at 14% moisture in
the soybeans) for four maturity groups (0, 0 late, 1, and I
late) for the same 3 years. In 1984 group I late yielded best
with 38.2 q/ha (1 quintal = 100 kg). (4) Average yields (in
quintals/ha at 14% moisture in the soybeans) when soybean
was planted as a double crop for four maturity groups (0, 0
late, I, and I late) for the same 3 years. In 1984 group I late
yielded best with 29.8 q/ha.
Translated by Elise Kruidenier. Address: 1&3. Institut
d’Agronomie, Universite de Bologne, Via Filippo Re, 6/8–
40126 Bologna, Italy.
2469. Batinic-Haberle, I.; Nierle, W.; Sebecic, B.;
Momirovic-Culjat, J. 1985. Dynamics of proteins and amino
acids biosynthesis in developing soybean seed. Eurosoya No.
3. p. 5-11. April. [30 ref. Eng; eng; fre; spa]
• Summary: “The content of proteins and amino acids was
followed up during the seed development of two soybean
cultivars (Glycine max (L) Merr.), Maksimirka and Srecka,
in defined climatic conditions of growing in the course of
two years. It was found that the greatest part of amino acids
of mature seed (mg/ seed) was synthesized during the 3rd

and 4th seed development stages (about 37-65 days after
flowering), the same period in which there was also the
highest increase in the dry matter content (mg/seed).
“The proportion of proteins in the dry matter of the
seed (%) remained almost unchanged throughout the whole
development period. The accumulation of dry matter,
proteins and amino acids was quicker in the year with lower
temperature and higher soil moisture (1978), although their
content (mg/seed) in mature seed was lower than in the year
with higher temperature and less precipitation (1977).
“The proportion of most amino acids in proteins during
the period of seed development varied to a smaller or
larger extent, showing a slight tendency towards increase
in mature seed by comparison with the non-mature seed.
A considerable rise was recorded only in the contents of
cysteine and glutamic acid, whereas there was slight drop in
the contents of histidine, alanine, aspartic acid and valine.
“The contents of all amino acids, expressed in mg/
seed, showed a steady increase throughout the whole seed
development period of both cultivars in 1977, but there was
a relative stagnation of their accumulation in the last seed
development stage in 1978.
“The effect of climatic factors on the intensity of the
biosynthesis of amino acids was observed.” Address: 1,
3-4. Inst. for Food Chemistry, Faculty of Pharmacy and
Biochemistry, Univ. of Zagreb, 41000 Zagreb, Yugoslavia.
2470. Bouniols, A.; Puech, J.; Chalamet, A.; Mondies, M.
1985. Influence des conditions d’alimentation hydrique
au (et) azotée à différents stades du développement sur la
production de grains et la nutrition azotée du soja [Effects of
various water conditions and nitrogen availability occurring
at different soybean growth stages on seed production and
nitrogen nutrition]. Eurosoya No. 3. p. 55-61. April. [15 ref.
Fre; fre; eng; spa]
• Summary: “The present report deals with the nitrogen
nutrition on soybean and specially with the consequences
of water-stress and various N available levels on nitrogen
fixation. When nitrogen is withdrawn from the nutritive plant
medium at different stages of floral–or fruit–development,
the consequences observed on several cultivars, are a grain
yield decrease (fig. 1A, 2A) and a loss of N -seed content
(fig. 1B, 2B).
“Lacks in nitrogen nutrition (due to poor soil residues
or to low symbiosis) and also water-stress occurring during
flowering and fructification are currently found in southern
France. So, in order to study variations in nitrogen fixation
with both water-stress and different N-levels (symbiosis,
soil residues or N-fertilisation), we set up field experiments
where water-stress was induced through a modulation of
irrigation (irrigation to all water requirement T, and 75%
or 45% of T);...” Address: 1,2&4. INRA Toulouse, Station
d’Agronomie, BP 27, 31326 Castanet-Tolosan, France.
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2471. Ecochard, R. 1985. La sensibilité du soja à la
photopériode et à la thermoperiode [The sensitivity of the
soybean to photoperiod and thermoperiod]. Eurosoya No. 3.
p. 30-34. April. [12 ref. Fre; eng]
• Summary: “The development of soybean is under the
double control of day length and temperature.
“More or less depending on the varietal sensitivity to
photoperiod, short days in the early season hasten flowering
initiation, and later reduces the seed filling period when days
become shorter.
“But the ‘maturity group’ that characterizes a cultivar
also accounts for how much heat it needs. Thermoperiodism
and photoperiodism adaptations have distinct genetic
determinism, so that two cultivars belonging to a same group
(e.g., Wells and Amsoy 71) may differ by their response to
day length.
“Such varietal behaviours can be evidenced by
successive sowing dates and expressing the emergence-onset
of flowering and the onset of flowering–maturity phase
durations in ‘heat units’ instead of days.
“Breeding consequences of these observations are
discussed, and illustrated by experiments made in Toulouse
(43º37’ north latitude).”
The sensitivity of soybeans to photoperiodism has been
known since the first studies were conducted by Allard and
Garner (1920). But the length of the day is not the only factor
conditioning the development of the soybean. To the concept
of photoperiod. it is convenient to add that of thermoperiod.
Note: This is the earliest document seen (July 2021)
that contains the word “thermoperiodism.” Address: École
Nationale Supérieure Agronomique, 145 avenue de Muret,
31076 Toulouse, France.
2472. Egli, Dennis. 1985. Report on the Soybean
Physiologists Group Session (Memphis, TN: February 27,
1985). Eurosoya No. 3. p. 85. April. [Eng]
• Summary: “The soybean physiologists met on Wednesday
morning, February 27, and ten papers were presented. Two
papers dealt with transport and partitioning. Dr. Brun’s paper
covered the work at Minnesota dealing with the movement
of abscisic acid in the soybean plant and its possible role in
regulating seed growth.
“Dr. Kasperbauer at Florence, South Carolina, presented
preliminary data suggesting that light quality may influence
the partitioning of assimilate between roots and shoots in
soybeans. The nitrogen papers included a comparison of
techniques for estimating N fixation (Vasilas, University of
Illinois) and a study of the effect of various N sources (amino
acids and ureides) on the growth of soybean seed in in vitro
cultures.
“There were six papers dealing with various aspects of
yield and plant stress. Specht discussed the work at Nebraska
using a line-source sprinkler irrigation system to evaluate
cultivar responses to drought stress. He reported quite large

cultivar differences in the response to stress.
“Brown (University of Arkansas) reported on a
technique he developed to grow plants in a stress free field
environment by isolating the roots from direct contact
with the soil. Koukkari at Minnesota discussed his results
suggesting that the chlorophyll levels in cotyledons or
leaves could be used as an indicator of plant stress. Nooden
(University of Michigan) and Acock (USDA, Mississippi
State University) discussed the relationships between
source and sink in the soybean plant. Acock suggested
that photosynthetic activity of the leaves is related to sink
demand. Nooden’s work illustrated the interactions between
the number of seeds per plant and seed size (weight per
seed). McBlain (Ohio State University) presented a progress
report of a large study designed to determine the effects of
photoperiod on flowering and maturity. He emphasized the
complexity of the system and suggested that the relationships
in the field frequently differ widely from what would be
predicted from the classic growth chamber experiments.”
Address: Univ. of Kentucky, USA.
2473. Hrustic, M.; Belic, B.; Jockovic, Dj. 1985. Inheritance
of harvest index, protein and oil content in soybean.
Eurosoya No. 3. p. 71-81. April. [6 ref. Eng; eng]
• Summary: “Five soybean varieties, Evans, Calsi, Provar,
Protana and NS-MM, were diallelly crossed in order to
determine mode of inheritance and combining ability for
harvest index and protein and oil contents in soybean grain.
Combining ability was studied in F1 and F2 generations.
“Regarding the inheritance of harvest index, dominance
of the parent with a lower mean value and intermediacy
were expressed most frequently. Both GCA and SCA were
important for that character. Higher GCA values indicate
the prevalence of additive gene action in the inheritance of
harvest index.
“Dominance, intermediacy, and negative heterosis were
expressed in the inheritance of protein and oil contents. Since
GCA and SCA were equally important in F1 and F2 alike, it
means that both additive and non-additive gene actions were
expressed in the inheritance of the studied characters.”
“Introduction: The soybean keeps gaining importance
in Yugoslavia. Accordingly, intensive breeding programs are
under way, aimed at the development of varieties adapted
to the local agroecological conditions. New varieties should
meet certain requirements not only in respect to yield level
and stability but also grain quality...” Address: Inst. of Field
and Vegetable Crops, Faculty of Agriculture, Novi Sad,
Yugoslavia.
2474. Jockovic, Dj.; Belic, B.; Hrustic, Milica. 1985.
Inheritance of height of the lowest pod in soybean. Eurosoya
No. 3. p. 24-29. April. [11 ref. Eng]
• Summary: “Diallel crosses of six soybean genotypes
displayed significant differences in the height of the lowest
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pod. In F1 and F2 generations, the pod height was most
frequently inherited intermediately or partially dominantly,
depending on the combination of crossing. The analyses
of variance of combining ability, components of genetic
variance, and regression indicate that both additive and
non-additive genic effects are important for the inheritance
of height of the lowest pod but also that the role of additive
genic effects is more important.” Address: Faculty of
Agriculture, Inst. of Field and Vegetable Crops, Novi Sad,
Yugoslavia [in today’s Serbia].
2475. Leffel, Robert. 1985. Report on the National Soybean
Breeders Workshop and joint session with soybean
physiologists (Memphis, TN: February 25-27, 1985).
Eurosoya No. 3. p. 84. April. [Eng]
• Summary: “Public and Commercial Soybean Breeders
of the United States and Canada and their guests, Soybean
Physiologists, held a National Soybean Research Workshop
with special emphasis on soybean physiology at Memphis,
Tennessee, February 25-27, 1985.
“The Public Breeders Coordination Sessions on Monday
afternoon, February 25 and Wednesday morning, February
27, included summaries of current soybean research in the
areas of cold tolerance, heat tolerance, drought tolerance,
length of seed fill, harvest index, nitrogen fixation, leaf
physiology (leaf and canopy photosynthesis and specific–leaf
weight), plant architecture (morphology), plant development
/ photoperiodic response, protein quantity and quality, oil
quantity and quality, mineral nutrition, isozymic variation,
and Phytophthora rot resistance.
“A copy of a summary report on a topic is available
from European Soybean Cooperative Research Network
Coordinator, Maurice Arnoux, upon request.
“The Joint Session between Soybean Breeders and
Soybean Physiologists on Tuesday, February 26 included the
following topics:
“Photoperiod and temperature effects on seed filling
by Bob Patterson and David Raper, North Carolina State
University
“A plant breeder’s view of seed filling period by Todd
Pfeifer, University of Kentucky
“Harvest index as a tool to study yield development by
Steve Spaeth, Washington State University and Luis SaladoNavarro, University of Florida
“Physiology of flower development by Judy Thomas,
North Carolina State University
“Mechanism of flower abortion by Dean Dybing, ARS/
USDA and South Dakota State University
“Genetic responses to photoperiod by Perry Cregan,
ARS/USDA Beltsville, Maryland
“Drought tolerance–a panel discussion moderated by
Bill Schapaugh, Kansas State University
“Cold tolerance by David Hume, University of Guelph
[Ontario, Canada]

“Genetic variation in nutrient uptake by Rufus Chaney,
ARS/USDA Beltsville, MD
“Water and nitrogen limitations to soybean yield by Tom
Sinclair, ARS/USDA and University of Florida
“Limitation of nitrogen in soybean productivity by Jim
Harper, ARS/USDA and University of Illinois
“Increasing yield by selection for canopy photosynthesis
by Roger Boerma, University of Georgia
“Biotechnology in soybean-cellular systems by Glenn
Collins, University of Kentucky
“A practical look at plant breeding–a panel discussion
moderated by John Schillinger, Asgrow Seed Company
“Summaries of these papers are not available but
the reader is referred to the speakers and their research
publications in the designated areas of research.” Address:
Agricultural Research Service, USDA, Beltsville, Maryland.
2476. Merrien, A.; Duffaut, J.J.; Estragnat, A.; Gilly, J.M.
1985. Voies d’élaboration du rendement du soja (cv. Weber)
sous irrigation [Ways of soybean yield formation (cv. Weber)
under irrigation]. Eurosoya No. 3. p. 38-42. April. [12 ref.
Fre; fre; eng; spa]
• Summary: “Summary [English]: Following experiments
carried out over 3 years, the authors confirm here that the
optimum period to obtain the best response of soybean to
irrigation water takes place between stages R1 and R5. In
such conditions, the first yield-component seems to be the
number of produced pods.
“The study of this component following the plantarchitecture led the authors to show the importance of the
part played by branchings in optimizing this component,
whereas the taking part of the main stem in the final yield
remains rather constant following water diets. The practical
consequence resulting from these observations is the
advantage of reducing plant population under irrigation
slightly to obtain an increase in the number of branchings.”
Address: CETIOM, Service Études et Recherches, 174
avenue Victor Hugo, 75116 Paris, France.
2477. Szyrmer, Jerzy; Boros, Lech. 1985. Investigation on
soybean mutagenesis (supported by Project IAEA No. 2660
RB). Eurosoya No. 3. p. 35-37. April. [4 ref. Eng]
• Summary: “In soybean breeding for Polish climatic
conditions the main direction is early ripening due to a
short growing season and tolerance for temperature often on
biological minimum level during germination, emergence
and flowering stage. Among varieties and soybean forms
from the collection assembled by Soybean Laboratory, forms
with a duration of vegetation period fitting to our conditions
constitute not numerous group. Here we can find mainly the
Swedish materials (Holmberg’s breeding) such as Fiskeby V,
Träff, Bravalla as well as home materials and breeding lines
in pedigree of which one of cultivar or Swedish breeding
form is an early parent (Szyrmer, Federowska 1980). It
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concerns presently the best Polish variety Progres as well.
“Limited number of early forms being in our disposal in
recombination breeding and possibility of obtaining mutants
with shortened vegetation period (Zacharias 1967, Kawai
1970) made us to undertake works of mutation breeding with
main direction into shortening of vegetation period.
“This material present results of work four years 19821983 fulfilled project IAEA Nº 2660/ RB.
“Results of 1981 are covered by the report and
publication IAEA-TECDOK-2600, 1982.”
Tables show: (1) “Duration of main developmental
stages for mutants and chosen soybean cultivars (Radzikow
1982-83).” Named cultivars: Fiskeby V, Progres, Ajuma.
(2) “Vegetation period and seed yield, for mutants and
chosen soybean cultivars (Radzikow 1982-83).” Named
cultivars: Fiskeby V, Progres, Ajuma.
(3) “M2 populations size and number of early maturing
selections (Radzikow 1982).” Named cultivars: Maple
Arrow.
(4) “Number of tested M3 lines and obtained macromutants (Radzikow 1983).” Named M3: Maple Arrow.
(5) “Plant productivity variation, in control and M3 lines
of two soybean forms (Radzikow 1983).” Maple Arrow is
mentioned. Address: Plant Breeding and Acclimatization
Inst., Radzikow, 05-870 Blonie, Poland.
2478. Szyrmer, Jerzy; Janicka, Maria. 1985. Screening of
soybean genotypes for cold tolerance during flowering.
Eurosoya No. 3. p. 51-54. April. [14 ref. Eng]
• Summary: Field experiments conducted in 1981-1983
regarding the influence of unfavourable low temperatures
on flowering and pods forming on soybean plants showed
that there are forms which showed tolerance. Among 45
tested cultivars and forms from the world collection and own
breeding materials, a significantly higher number of flowers
and gathered pods from a plant had L 4/10 line growing
in conditions similar to biological minimum for these
developmental stages.
“It can be assumed that L 4/10 showed tolerance for
low temperature during flowering and pods forming. It was
assumed that soybean forms distinguishing high efficiency
of flowering are more tolerant for the course of unfavourable
temperatures at that stage of plant development. Early
forms had lower number of flowers from a plant than later.
Number of flowers from a plant is positively correlated
with sum of temperatures and rainfalls during vegetation
period.” Address: Plant Breeding and Acclimatization Inst.,
Radzikow, 05-870 Blonie, Poland.
2479. Vidal, A.; Hanafiah, T.O. 1985. Influence du type de
croissance sur la morphologie et la floraison du soja (Glycine
max L. Merrill) [Influence of growth habit on morphology
and flowering of soybean]. Eurosoya No. 3. p. 62-70. April.
[3 ref. Fre; fre; eng]

• Summary: With the technical collaboration of S.
Meynie, G. Poux, and M. Vares. Address: I.N.R.A., Station
d’Amélioration des Plantes, 9 Place Viala, 34060 Montpellier
Cédex, France.
2480. Carroll, Bernard J.; McNeil, D.L.; Gresshoff, P.M.
1985. A supernodulation and nitrate-tolerant symbiotic (nts)
soybean mutant. Plant Physiology 78(1):34-40. May. [30 ref]
• Summary: “Abstract: The nodulation characteristics
of soybean... mutant nts382 are described. The mutant
nodulated significantly more than the parent cultivar Bragg
in the presence and absence of several combined nitrogen
sources (KNO3, urea, NH4Cl, and NH4NO3). The number
of nodules on the tap root and on lateral roots was increased
in the mutant line... Although nts382 is a supernodulator,
inoculation with Rhizobium japonicum was necessary to
induce nodule formation...”
Note: “Supernodulation” was later renamed
“hypernodulation.” This is the earliest document seen (Oct.
2018) that refers to such a mutant. Address: Dep. of Botany,
Australian National Univ., Canberra, ACT 2600, Australia.
2481. Salado-Navarro, Luis R.; Hinson, K.; Sinclair, T.R.
1985. Nitrogen partitioning and dry matter allocation in
soybeans with different seed protein concentration. Crop
Science 25(3):451-55. May/June. [20 ref]
• Summary: “Yield was positively associated with seedfilling duration (RS-R7), and negatively associated with seed
protein concentration. Thus, in general, high seed protein
genotypes exhibited faster N partitioning and dry matter
allocation into seeds, shorter seed-filling duration, and
lower yield.” Address: Dep. of Agronomy, Univ. of Florida,
Gainesville, FL 32611.
2482. Ohio Report. 1985. Research in brief: Soybean
seedcoat cracking. 70(3):48. May/June.
• Summary: This is a major problem when soybeans are
dried with heated air. It makes the soybeans susceptible to
microbial attack and reduces germination potential. Seedcoat
strength was found to decrease markedly as specimen test
moisture and temperature increased.
2483. Gayler, Kenwyn R.; Sykes, G.E. 1985. Effects of
nutritional stress on the storage proteins of soybeans. Plant
Physiology 78(3):582-85. July. [16 ref]
• Summary: “Abstract: The effects of sulfur deficiency on
the complement of proteins laid down in developing seeds
of soybean... have been examined. Sulfur deficiency caused
a 40% decrease in the level of glycinins and a contrasting
elevation in the level of Beta-conglycinins. The subunit
composition of these proteins was also affected.” Address:
Russell Grimwade School of Biochemistry, Univ. of
Melbourne, Parkville, Victoria 3052, Australia.
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2484. Voldeng, H.D.; Seitzer, J.F.; Hamilton, R.I. 1985.
Maple Isle soybean. Canadian J. of Plant Science 65(3):77779. July. [Eng; fre]
• Summary: Contents: Introduction. Pedigree and breeding
methods. Performance. Other characteristics. Pedigree seed
stocks.
Other characteristics: “Maple Isle averaged of 5,650
seeds/kg in Ontario and 5,850 when grown in locations with
shorter and cooler seasons. The seeds are yellow with a seed
coat lustre intermediate between dull and shiny. The hila
are yellow to very light brown.” “It is insensitive to long
photoperiods, flowering, forming pods and maturing only 2-3
days later at 20-hour photoperiod than at 12 hours.”
“Pedigreed seed stocks: Breeder seed is distributed by
Stock Seed Distribution Committees in each province. The
Agriculture Canada Research Station at Ottawa will maintain
Breeder seed.” Address: Research Station, Agriculture
Canada, Ottawa, ONT K1A 0C6, Canada.
2485. Voldeng, H.D.; Seitzer, J.F.; Hamilton, R.I. 1985.
Maple Ridge soybean. Canadian J. of Plant Science
65(3):781-83. July. [Eng; fre]
• Summary: Contents: Introduction. Pedigree and breeding
methods. Performance. Other characteristics. Pedigree seed
stocks. “Maple Ridge is a soybean cultivar of early maturity,
later than Maple Presto but earlier than Maple Amber. Seed
yields are generally equal to those of Maple Amber and
about 20% greater than those of Maple Presto.”
Other characteristics: “Maple Ridge averaged of 6,580
seeds/kg in Ontario and 6,540 when grown in locations with
shorter and cooler seasons. The seeds are yellow with a shiny
seed coat lustre and yellow hila.” “It is insensitive to long
photoperiods, flowering, forming pods and maturing only 2-3
days later at 20-hour photoperiod than at 12 hours.”
“Pedigreed seed stocks: Seed was assigned to SeCan
Association, 512-885 Meadowlands Drive, Ottawa, Ontario,
K2C 3N2 in the spring of 1984. The Agriculture Canada
Research Station at Ottawa will maintain Breeder seed.”
Address: Research Station, Agriculture Canada, Ottawa,
ONT K1A 0C6, Canada.
2486. Bebee, Charles N. comp. 1985. The protection of
soybeans, January 1980–November 1984: Citations from
Agricola concerning diseases and other environmental
considerations. USDA National Agricultural Library,
Bibliographies and Literature of Agriculture No. 38. 241 p.
Aug. Author index. 28 cm. [2042 ref]
• Summary: The bibliography is organized under the
following subject headings: Research. Meteorology and
climatology. History. U.S. extension services. Legislation.
Economics. Economics of agricultural production. Farm
organization and management. Distribution and marketing.
Grading, standards, labelling. Plant science. Plant
production: General, horticultural crops, field crops. Plant

breeding. Plant ecology. Plant die structure. Plant nutrition.
Plant physiology and biochemistry. Plant taxonomy and
geography. Protection of plants. Pests of plants: General and
miscellaneous, insects, nematodes. Plant diseases: General,
fungal, bacterial, viral, physiological. Miscellaneous
plant disorders. Protection of plant products: General and
miscellaneous, insects. Weeds. Pesticides: General. Soil
science. Soil chemistry and physics. Soil fertility–Fertilizers.
Soil resources and management. Soil cultivation. Forestry
related. Animal science. Entomology related. Animal
reproduction. Animal ecology. Animal nutrition. Animal
taxonomy and geography. Veterinary pharmacology,
toxicology and immune therapeutic agents. Pests of
animals–General and miscellaneous, insects, helminths.
Animal disorders–Physical trauma. Farm equipment.
Natural resources. Water resources and management.
Drainage and irrigation. Food storage. Food storage, field
crop. Food composition, field crop. Feed contamination
toxicology. Human nutrition. Diet and diet related diseases.
Parasites of humans–Insects and other arthropods. Pollution.
Mathematics and statistics. Insect pests and control, animals
and man. Animal ecology. Animal nutrition. Animal
physiology and biochemistry. Animal taxonomy and
geography. Address: USDA National Agricultural Library.
2487. Shuttuck-Eidens, Donna M.; Beachy, R.N. 1985.
Degradation of Beta-conglycinin in early stage of soybean
embryogenesis. Plant Physiology 78(4):895-98. Aug. [9 ref]
• Summary: “This study focuses on the role of protein
turnover in the accumulation of the storage protein Betaconglycinin (7S protein) during soybean embryogenesis.
The results of pulse:chase experiments using 3H-leucine
indicate that the turnover of the subunits of Beta-conglycinin
by proteolysis is more rapid in early stages of cotyledon
maturation than in later stages.”
“Figure 2 shows proteins labeled in a pulse chase
experiment.” Address: Plant Biology Program, Dep. of
Biology, Washington Univ., St. Louis, Missouri 63130.
2488. Bayona, Luis. 1985. Cultura da soja [Cultivation of
soya]. Maputo, Mozambique: Ministério da Agricultura. iv
+ 123 p. Illust. 21 cm. Divulgaçao Série–Agricultura No. 4.
[18 ref. Por]
• Summary: Contents: Introduction. Overview: Origin
and dissemination, taxonomy, morphology, phases in
the development of soya. Cultural needs: Temperature,
rain and its distribution, the effect of photoperiod, soils.
The technology of soybean production. Diseases and
pests. Harvest and storage. Production of soybean seeds.
Importance of the soybean as a food for human consumption:
How to resolve the problems of flavor, smell, and time
of boiling or baking; soymilk, other forms of consuming
soybeans (e.g. roasted or as flour). Address: Engenheiro
Agrónomo, CEDASPE, INIA, Maputo, Mozambique.
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2489. Graybosch, Robert A.; Palmer, R.G. 1985. Male
sterility in soybean (Glycine max). II. Phenotypic expression
of the ms4 mutant. American J. of Botany 72(11):1751-64.
Nov. [48 ref]
• Summary: “Observations on the reproductive biology of
a male-sterile mutant (ms4) of soybean... demonstrated that
male sterility was the result of a syndrome of abnormalities
that influenced the function of the postmeiotic microspore
mother cells (MMCs)...”
Remarkable electromicrographs (photos, p. 1760) show:
Fig. 46-51. Morphological features of anthers and pollen.
Address: Iowa State Univ., Ames, Iowa.
2490. Graybosch, Robert A.; Palmer, R.G. 1985. Male
sterility in soybean (Glycine max). I. Phenotypic expression
of the ms2 mutant. American J. of Botany 72(11):1738-50.
Nov. [48 ref]
• Summary: “The effects of a nuclear male-sterile mutant
(ms2) of soybean... on anther development were analyzed
by means of light- and electron-microscopy. The structure
of microspore mother cells (MMCs) in male-sterile plants
was identical to that of male-fertile plants. Meiosis was
completed, and tetrads of microspores formed. Microspores
degenerated after the deposition of primexine and
probacullae.” Address: Iowa State Univ., Ames, Iowa.
2491. Salado-Navarro, Luis R.; Sinclair, T.R.; Hinson,
K. 1985. Comparisons among effective filling period,
reproductive period duration, and R5 to R7 in determinate
soybeans. Crop Science 25(6):1050-54. Nov/Dec. [16 ref]
• Summary: “Visual estimates of seed filling duration are
important tools in soybean... research. Yet little information
exists on the correspondence between visual estimates of
seed filling duration and direct measurement os seed mass
accumulation. The objectives of our study were (a) to
compare visual estimates of seed filling duration with those
obtained from seed growth data to determine if they could be
used interchangeably and (b) to determine their comparative
stability across environments, to assess which estimates of
seed filling duration would be a better selection criterion.”
Address: Dep. of Agronomy, Univ. of Florida, Gainesville,
FL 32611.
2492. Singh, R.J.; Hymowitz, T. 1985. Intra- and
interspecific hybridization in the genus Glycine, subgenus
Glycine Willd.: Chromosome pairing and genome
relationships. Zeitschrift fuer Pflanzenzuechtung 95(4):289310. Nov. [10 ref]
• Summary: Intra- and interspecific hybrids involved Glycine
clandestina, G. latifolia, G. canescens, G. tabacina, and G.
tomentella. Address: Dep. of Agronomy, Univ. of Illinois,
Urbana, Illinois 61801.

2493. Freifeld, Karen. 1985. Seed money. Forbes. Dec. 2. p.
219, 222.
• Summary: The annual rate of plantback–planting by
farmers of bin-run seed saved from the previous year’s
harvest–in the United States runs about 60% in wheat, 40%
in soybeans, 70% in oats, 50% in barley, and 50% in cotton.
Most corn seed is hybrid and cannot be replanted. Profit
margins on hybrids runs as high as 60%, compared with
15-20% common for non-hybrid seed. Big seed suppliers
such as Pioneer and DeKalb-Pfizer dislike plantback; they
are now turning away from what are known as “varietal
seeds,” whose characteristics are constant from generation
to generation, and moving to hybrid seeds, whose desirable
characteristics start diminishing after a single generation.
“Hybrid seeds are created by removing or making
inoperable the male parts of the plant (the pollen-producing
organs), so that it can’t self pollinate, and then crossfertilizing this artificially created ‘female’ plant with other
plants. The result is a phenomenon known as heterosis–
combination of traits greater than the sum of the two parts.
In the case of crops such as corn, hybrid yields can increase
as much as 20% to 30% over those of varietal parents...
Recently a new hybrid technology has been developed–
chemical sterilants–that effectively renders the male parts of
the plants impotent. Shell Development Co., Rohm & Haas
and Monsanto, among others, are developing these chemical
hybridizing agents (CHAs)... Hybrids are the way to make
money.”
2494. Egli, D.B.; Guffy, R.D.; Leggett, J.E. 1985.
Partitioning of assimilate between vegetative and
reproductive growth in soybean. Agronomy Journal
77(6):917-22. Nov/Dec. [25 ref]
• Summary: The results suggest “that variation in fruit
and seed number may be more closely related to variations
in crop growth rate than to variations in the allocation of
assimilate between vegetative and reproductive plant parts.”
Address: 1. Prof., former graduate research assistant (current
address, Dep. of Agron., Univ. of Illinois, Urbana, IL 61801),
Dep. of Agronomy, Univ. of Kentucky, Lexington, KY
40546-0091.
2495. Rabin, L.B.; Pacovsky, R.S. 1985. Reduced larva
growth of two Lepidoptera (Noctuidae) on excised leaves of
soybean infected with mycorrhizal fungus. J. of Economic
Entomology 78(6):1358-63. Dec. [31 ref]
• Summary: “Abstract: Soybean roots were infected by the
vesicular-arbuscular mycorrhizal (VAM) fungus Clomus
fasciculatum or were left noninoculated and fertilized with
phosphorus (P). Detached leaves of infected plants were fed
to neonate larvae of corn earworm, Heliothis zea (Boddie), or
fall armyworm, Spodoptera frugiperda (J.E. Smith). Average
weights of larvae after 19 days were reduced by 40% relative
to larvae fed P-fertilized (control) soybean leaves. Larvae
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of both species fed leaves from VAM plants took longer to
pupate, average pupal weights were lower, and mortality was
greater than for larvae that received control leaves.” Address:
Western Regional Research Center, USDA, 800 Buchanan
St., Albany, California 94710.
2496. Gardner, Frank P.; Pearce, R.B.; Mitchell, R.
1985. Physiology of crop plants. Ames, Iowa: Iowa State
University Press. 2nd ed. 2013. *
2497. Kakharova, Kh.D. 1985. [Seasonal rhythm of
development in soyabean and Vigna]. Izvestiia Akademii
Nauk Tadzhikiskoi SSR, Biologicheskikh Nauk Dep. 7587V, 8
p. [3 ref. Rus]*
• Summary: The 20 soybean varieties and forms studied
differed in the length of their growth period and individual
phenological stages of development. There was considerable
variation among forms in the time from seed formation to
full ripeness (32-43 days). The growth period lasted from
97-102 to 125 days.
2498. Aliev, D.A.; Akperov, Z.I. 1985. [Dynamics of
crop structure and photosynthetic indices of soyabean
genotypes]. Izvestiia Akademii Nauk Azerbaidzhanskoi SSR,
Biologicheskikh Nauk No. 3. p. 3-10. [Rus; aze]*
• Summary: The photosynthetic activity of several soybean
cultivars, differing in seed habit and yield, were studied
and compared in order to find the indices and conditions
determining the best crop structure. The results were of
benefit in revealing internal mechanisms of productive
processes at the whole plant level, in evaluation of
initial breeding material, and in developing the optimum
physiological model of a cultivar.
2499. Blanchet, R. 1985. Production, cultural practices and
utilization of soybean in Europe. In: R. Shibles, ed. 1985.
World Soybean Research Conference III: Proceedings.
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p.
1207-14. [14 ref]
• Summary: Contents: Ecological characteristics of Europe:
Temperature, water availability, soils. Some general
agricultural characteristics of southern Europe. Production.
Main cultural practices. Utilization. Main research problems:
Adaptation to cool temperatures and long days, drought
tolerance and water use efficiency, nitrogen nutrition and
interactions with water status, other problems. Conclusions.
References.
“The Soviet Union has for a long time been the main
producer, followed by Romania. In 1973, only Bulgaria,
Yugoslavia and Spain were significant soybean producers.
Production increased greatly during the past decade in
Romania, Bulgaria and Yugoslavia. In the Yugoslavian plain
of Voivodina high yields are obtained (about 2.5 t/ha in
1982). These three countries intend to extend and increase

production.
“Hungary, where the important work of mapping
environmental zones and maturity groups has been
completed, has started production. More recently, soybean
production also started in Italy (mainly in the Po Valley, here
good yields are obtained), and to a lesser extent in France,
Czechoslovakia, and Greece. Some small production occurs
in other countries: Poland, East and West Germany, Austria,
Switzerland, Portugal. All these countries have research
programs. So, in general, production is not great in Europe,
but it has increased quite significantly during the past ten
years.”
Note: This document contains the earliest clear date seen
for the cultivation of soybeans in Greece (1985). Address:
Institut National de la Recherche Agronomique (INRA),
Centre de Recherches de Toulouse, Station d’Agronomie,
B.P. 12, 31320--Castanet-Tolosan--France.
2500. Boote, K.J.; Jones, J.W.; Bennett, J.M. 1985. Factors
influencing crop canopy carbon dioxide assimilation of
soybean. In: R. Shibles, ed. 1985. World Soybean Research
Conference III: Proceedings. Boulder, Colorado: Westview
Press. xxiii + 1262 p. See p. 780-88. [20 ref]
• Summary: Contents: Introduction. Carbon dioxide
assimilation: Measurement and definitions. PPFD response
of ACP, NCP, and TCP. Comparative values reported for
canopy assimilation at mid-day. Seasonal profile of ACP,
NCP, TCP and carbon dioxide efflux. LAI [leaf area index]
and defoliation. Seasonal decline in assimilation. Effect
of carbon dioxide enrichment on canopy assimilation.
Temperature and drought. Conclusions. Address: 1&3.
Assoc. Prof. of Agronomy; 2. Prof. of Agricultural
Engineering. All: Univ. of Florida, Gainesville, FL 32611.
2501. Brun, W.A.; Heindl, J.C.; Betts, K.J. 1985. The
physiology of reproductive abscission in soybeans. In: R.
Shibles, ed. 1985. World Soybean Research Conference III:
Proceedings. Boulder, Colorado: Westview Press. xxiii +
1262 p. See p. 866-74. [16 ref]
• Summary: Contents: Introduction. The effect of light on
reproductive abscission. Sink relations of abscising flowers.
Conclusions.
“Soybean plants flower profusely, but set only a limited
number of pods and seeds. Several authors have documented
flower and pod abscission varying from 32% to 83% in
determinate and indeterminate cultivars. The agronomic
significance of this high incidence of pod and flower
abscission is not fully understood.” Address: 1. Prof.; 2. Asst.
Scientist. Both: Dep. of Agronomy and Plant Genetics, Univ.
of Minnesota, St. Paul, MN 63167; 3. Monsanto Agricultural
Products Co., 800 N. Lindbergh Blvd., St. Louis, Missouri,
63167.
2502. Burris, J.S. 1985. Soybean seedling growth and
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vigor. In: R. Shibles, ed. 1985. World Soybean Research
Conference III: Proceedings. Boulder, Colorado: Westview
Press. xxiii + 1262 p. See p. 833-40. [19 ref]
• Summary: Contents: Germination phase. Growth phase.
Seedling vigor. References. Address: Prof., Plant Pathology
Seed and Weed Science, Iowa State Univ., Ames, IA.
2503. Egli, D.B.; Leggett, J.E. 1985. Nitrogen mobilization
during seedfill in soybeans. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 884-90. [29
ref]
• Summary: Contents: Introduction. N [nitrogen]
mobilization. Contribution of redistributed N to seed N.
Factors influencing N redistribution. Relationship of N
redistribution to yield.
Under normal field conditions, nitrates in solution in the
soil are the primary source of nitrogen for soybean plants
during the early stages of growth, whereas nitrogen fixation
from the atmosphere by Rhizobium japonicum in the root
nodules becomes the predominant source of nitrogen in
the later stages of vegetative growth and the early stages
of reproductive growth. However a portion of the nitrogen
in the mature soybean seeds comes from nitrogen that is
mobilized or redistributed from nonseed plant parts, and
not from soil nitrates or nitrogen fixation. Address: Dep. of
Agronomy, USDA-ARS, Univ. of Kentucky, Lexington, KY
40546-0091.
2504. Ganry, F.; Diem, H.G.; Wey, J.; Dommergues, Y.R.
1985. Inoculation with Glomus mosseae improves N2
fixation by field-grown soybeans. Biology and Fertility of
Soils 1(1):15-23. [29 ref]
• Summary: “Summary. A field study carried out in a sandy,
relatively acid Senegalese soil with a low soluble P content
(7 ppm) and low vesicular-arbuscular mycorrhizal (VAM)
populations showed that soybean responded to Glomus
mosseae inoculation when the soluble P level in the soil had
been raised by the addition of 22 kg P per ha.”
Vesicular-arbuscular mycorrhizas are important for
uptake of phosphorus largely through increasing the volume
of soil explored. Thus, if the native VA mycorrizal fungi do
not form an effective symbiosis, it is possible to improve
the establishment of root infection, and hence uptake of
phosphorus, by inoculating with mycorrhizas (Mosse,
1977). This has been demonstrated in the field in Senegal
where inoculation of soybeans with Glomus mosseae
improved N2 fixation and yield of soybeans growing in a
phosphorus deficient soil which had only a small population
of indigenous VA mycorrhiza. Address: 1&3. IRAT/ISRA
Centre National de Recherches Agricoles, Bambey, Senegal.
2505. Giaquinta, Robert T.; Quebedeaux, B.; Sadler, N.L.;
Franceschi, V.R. 1985. Assimilate partitioning in soybean

leaves during seed filling. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 729-38. [6
ref]
• Summary: Contents: Introduction. Photosynthesis during
seed filling. Leaf starch and sucrose levels. Basis for
increased starch levels. Starch turnover and differential
compartmentation within the mesophyll. Phosphate-induced
alterations of leaf starch and starch: sucrose ratio. Effects of
phosphate on seed growth. Summary.
Mechanisms operating within source and sink regions
control assimilate distribution. Address: E.I. Du Pont
de Nemours & Co., Central Research and Development
Department, Experimental Station, Wilmington, Delaware
19898.
2506. Hesketh, John D.; Woolley, J.T.; Peters, D.B. 1985.
Physiology of genotypic differences in photosynthetic
rate. In: R. Shibles, ed. 1985. World Soybean Research
Conference III: Proceedings. Boulder, Colorado: Westview
Press. xxiii + 1262 p. See p. 789-96. [23 ref]
• Summary: Contents: Introduction. C4-C3 phenomenon.
Genotypic differences in CER [carbon dioxide exchange
rates] in soybean: Recent research, technical problems,
state of the art. The occurrence of exceptionally rapid
CER values. LAI [leaf area index] increase. Conclusions.
Address: USDA, Agricultural Research Service and Dep. of
Agronomy, Univ. of Illinois, Urbana, IL 61801.
2507. Kaspar, T.C. 1985. Growth and development of
soybean root systems. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 841-47. [23
ref]
• Summary: Contents: Introduction. Root system
morphology. Growth and development of root system: Early
vegetative growth, preflowering, flowering, pod set and
growth, seed growth and maturity. Influence of carbohydrate
supply on root growth. Genotypic variations.
“The soybean usually is described as being weakly
taprooted. Principal components of a soybean root system
are a taproot, secondary roots, tertiary and other higher-order
roots, adventitious roots originating from the hypocotyl, and
root hairs. Soil physical conditions strongly influence growth
and development of root systems, but plant genotype and the
growth, development, and functioning of the shoot also are
controlling factors... Taproots can reach depths of more than
1.5 m in the field, but often their growth terminates much
sooner because of unfavorable soil conditions or damage
to the apex... Lateral or secondary roots first appear on
taproots 3 to 7 days after germination.” Address: Agricultural
Research Service, USDA, and Dep. of Agronomy, Iowa State
Univ., Ames, IA 50011.
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2508. Kiihl, Romeu Afonso de Souza; Almeida, L. Alves
de; Dall’Agnol, Amelio. 1985. Strategies for cultivar
development in the tropics. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 301-04. [12
ref]
• Summary: Contents: Introduction. Important traits for
tropical cultivars. Selection criteria.
“The most important soybean producing areas are
located at latitudes greater than 23º. Brazil is an exception
because it has around 2 million hectares of soybean below
23ºS, with an average yield close to two tons per hectare. In
Brazil, there is a clear tendency for the soybean to move to
areas closer to the equator...
“There is an expectation that soybeans will become
the primary protein source for many people in the tropics.
In several tropical areas where new soybean cultivars
are planted, the crop has looked as good as in temperate
regions... In temperate regions, the soybean crop is normally
planted 20 to 50 days before the longest day. Therefore, seed
development takes place when days are shortening... The
soybean is a short-day plant... Considerable effort has been
devoted to the identification of day-neutral, or photoperiod
insensitive, cultivars, but these genotypes appear to be too
early to be used in the tropics.” Address: EMBRAPA/CNPS,
C.P. 1061, 86100 Londrina (Parana), Brazil.
2509. McDermitt, Dayle K.; Zeiher, Carolyn A. 1985.
Seasonal and diurnal changes in ribulose bisphophate
carboxylase activity in field-grown soybeans. In: R.
Shibles, ed. 1985. World Soybean Research Conference III:
Proceedings. Boulder, Colorado: Westview Press. xxiii +
1262 p. See p. 765-73. [13 ref]
• Summary: Contents: Introduction. Methods. Seasonal
pattern of RubPC activity. Diurnal variation in RubPC
activity. Address: Monsanto Agricultural Products Co., 800
N. Lindbergh Dr., St. Louis, Missouri 63167.
2510. Nelson, D.R.; Bellville, R.J.; Zampini, C.A.; Maxwell,
C.A. 1985. Interactions between carbon and nitrogen during
podfilling. In: R. Shibles, ed. 1985. World Soybean Research
Conference III: Proceedings. Boulder, Colorado: Westview
Press. xxiii + 1262 p. See p. 824-32. [20 ref]
• Summary: Contents: Introduction. Seasonal patterns
of nitrogen assimilation. Compensation mechanisms:
Transport, hydrogen evolution, defoliation, shading and
elevated carbon dioxide, grafting. Summary (conceptual
model): Contribution of assimilation, resource management,
conservative nature, C/N limitations to yield.
The high correlation between nitrogen fixation or
accumulation and soybean yield strongly suggests that
nitrogen is limiting. Plants grown on zero nitrogen during
podfilling partition a greater proportion of their weight to
the seeds. “Overall, nitrogen and carbon are both limiting,

in the sense that a stimulation of yield can occur through
either system, though a stimulation by carbon appears to be
coupled with alleviation of a nitrogen stress. Both carbon and
nitrogen are in surplus, in the sense that excess capacity can
be called upon to prevent a decline in yield in the presence of
a moderate stress.” Address: Monsanto, St. Louis, Missouri,
USA.
2511. Noodén, L.D. 1985. Regulation of soybean
senescence. In: R. Shibles, ed. 1985. World Soybean
Research Conference III: Proceedings. Boulder, Colorado:
Westview Press. xxiii + 1262 p. See p. 891-900. [39 ref]
• Summary: Contents: Senescence: The concept and
the process. Measures of senescence. Role of mineral
redistribution and a decline in root functions. Substituting
defined solutions for the root system: The use of explants.
On the role of cytokinin: Control of mineral redistribution.
Transpiration as a factor in foliar senescence and partitioning
of assimilates. Conclusions and outlook.
“Senescence is an internally programmed degenerative
process leading to the death of an organism, organ or cell.”
The developing seeds ultimately cause the death of the
plant, but the plant dies because its leaves fall. A hormone
probably sends the signal that induces senescence. “The use
of explants, which are excised stem sections with one node,
its leaf, and associated pods, offers an opportunity to study
the role of a decreased mineral and cytokinin supply.”
Note: Webster’s Dictionary defines cytokinin (a term
first used in 1965) as “any of various plant growth substances
that are usually derivatives of adenine.” Address: Botany
Dep., Univ. of Michigan, Ann Arbor, MI 48109-1048.
2512. Ogren, William L. 1985. Potential for controlling
photorespiration in soybeans. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 774-79. [13
ref]
• Summary: Contents: Introduction. Rubisco–the target
enzyme. Induced mutation–the approach. Procedure with
Arabidopsis thaliana: Procedure with Chlamydomonas
reinhardii. Rubisco–natural variation. Conclusion. Address:
USDA, Agricultural Research Service, and Dep. of
Agronomy, Univ. of Illinois, Urbana, IL 61801.
2513. Shibles, Richard. ed. 1985. World Soybean Research
Conference III: Proceedings. Boulder, Colorado, and
London, England: Westview Press. xxiii + 1262 p.
Conference held 12-17 Aug. 1984 at Iowa State University,
Ames, Iowa. Author index. 24 cm. [2000+ ref]
• Summary: The book contains the following major
divisions: Foreword. Preface. 1. Economics (p. 3-134):
Plenary paper, supply and demand prospects, government
policy impacts, microeconomics of production and
marketing, emerging issues in processing, marketing, and
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distribution. 2. Utilization (p. 135-260): Plenary paper,
protein chemistry, utilization of soybean protein, utilization
of soybean products in animal feeds, soybean oil utilization.
3. Breeding and genetics (p. 261-494): Plenary paper,
molecular biology, germplasm and breeding methodology,
nematode and insect resistance, disease and insect resistance,
physiological traits. 4. Pathology (p. 495-604): Diseases of
seeds, nematology, fungus diseases.
5. Entomology (p. 605-714): Plenary paper; plant
damage syndromes, yield losses and economic decision
indices; sampling, ecology, and insect population dynamics;
insect management strategies. 6. Physiology (p. 714-902):
Plenary paper, partition and transport of assimilates, carbon
assimilation, nitrogen metabolism, developmental aspects of
growth and productivity. 7. Rhizobium (p. 903-962). 8. Soil
and crop management (p. 963-1076): Soil-crop interactions,
cropping systems.
9. Weed science (p. 1077-1126): Herbicide technology,
weed biology and ecology. 10. Dimensions of world
production, utilization, and research (p. 1127-1256): Plenary
paper, world soil erosion: problems and solutions, seed
programs in the tropics, regional production and utilization,
international programs and networks. Continuing committee
for World Soybean Research Conference–IV. Constitution for
World Soybean Research Conferences. Author index. Note:
The editor’s surname is pronounced SHAI-bulz. Address:
Dep. of Agronomy, Iowa State Univ., Ames, IA.
2514. Soldati, A.; Keller, E.R. 1985. Soybeans adapted to
cooler regions. In: R. Shibles, ed. 1985. World Soybean
Research Conference III: Proceedings. Boulder, Colorado:
Westview Press. xxiii + 1262 p. See p. 460-67. [17 ref]
• Summary: Contents: Climatic limitations in cooler
regions. Influence of climatic conditions on growth and
yield structure. Differential responses to cool temperatures.
Importance of the root system in cold tolerance.
Requirements of soybeans adapted to cooler regions.
Conclusions. References. Address: 1. Adjunct Research
Assoc.; 2. Prof. of Agronomy. Both: Swiss Federal Inst. of
Technology (ETH), Dep. of Crop Science, CH-8092 Zurich,
Switzerland.
2515. Summerfield, R.J.; Roberts, E.H. 1985. Photo-thermal
regulation of flowering in soybean. In: R. Shibles, ed. 1985.
World Soybean Research Conference III: Proceedings.
Boulder, Colorado: Westview Press. xxiii + 1262 p. See p.
848-54. [25 ref]
• Summary: Contents: Introduction. Predicting photothermal effects. Screening germplasm. Concluding remarks.
Photoperiod is a major factor influencing time to
flowering of most genotypes. However temperature
also influences the rate of reproductive development,
and complex interactions occur between photoperiod,
temperature, and genotype. Some cultivars (such as Fiskeby

V) are photoperiod insensitive, but all cultivars have a
critical daylength. Address: 1. Univ. of Reading, Dep. of
Agriculture and Horticulture, Plant Environment Lab.,
Shinfield Grange, Cutbush Lane, Shinfield, Reading, RG2
94D, Berkshire, England; 2. Prof. of Crop Production, Univ.
of Reading, Dep. of Agriculture and Horticulture, Earley
Gate, Whiteknights Road, Reading, RG6 2AT, Berkshire,
England.
2516. Summerfield, R.J.; Roberts, E.H. 1985. Grain legume
species of significant importance in world agriculture:
Glycine max. In: Abraham H. Halevy, ed. 1985. CRC
Handbook of Flowering. Vol. I. Boca Raton, Florida: CRC
Press, Inc. 568 p. See p. 100-77. [174 ref]
• Summary: This substantial section on the soybean,
with its own list of references, is a subchapter within the
larger chapter titled “Grain legume species of significant
importance in world agriculture.” Contents: Introduction.
Floral characteristics. Environmental regulation of flowering.
Chemical regulation of flowering. Genetics. Table 1 shows
“Genes know to regulate floral characters in soybeans.”
“There can be no doubt that among the grain legumes,
soyabeans (Glycine max L. Merrill) are the best known, most
researched, and the species of principal economic importance
in world agriculture. Soyabeans have probably received
more research attention than all the other grain legume
crops combined, although, ironically, little of the resultant
information has contributed to improved productivity in the
field...
“Except in photoperiodism and symbiotic dinitrogen
fixation, frequent subjects for ‘basic studies’, research on
the physiology of the soyabean crop has lagged behind that
in breeding and genetics, although interest in and financial
support for all aspects of research has increased substantially
during the past 10 to 15 years. A large proportion of the
sources of information on the soyabean crop have been
written by American scientists and published in that
country...
“The genus Glycine, after a turbulent taxonomic history,
is now composed of six perennial species of primarily
Australian distribution placed in a subgenus Glycine, and
two annual species, the wild G. soja and the cultivated G.
max, in a subgenus Soja. Cytogenetic, morphological, and
seed protein studies suggest that G. soja is the wild ancestor
of the cultivated soybean: both annual species are diploid
(2n = 40) and there are few, if any, cytogenetic barriers to
hybridization between them. In contrast, G. max has not
been crossed successfully with the six species in subgenus
Glycine...
“Three growth habits have been described in soyabeans;
they are determined by two major genes and have different
flowering and stem termination characteristics. In the
determinate and semi-determinate types, stem elongation
diminishes more slowly and stems terminate in a series
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of small one- or two-flowered axillary inflorescences
crowded together by short internodes at the stem apex,
or in a very small leaf. Vegetation growth ceases at about
the time flowers first appear in the determinate types, but
in the indeterminate about 75% of the vegetation biomass
is produced after flowering. Semi-determinates resemble
the indeterminate types, except that stem growth and
flowering cease more abruptly and 7 to 10 days earlier. The
indeterminate types are usually taller and less-branched
than the determinates; they are grown at latitudes north of
about 38ºN in the U.S. whereas determinate types occupy
virtually all of the production areas south of about 36ºN.
Determinate types flower later and at a higher node than
the indeterminates in the north, which come into flower
at the fourth to eighth node when plants are 30 to 35 cm
tall. The fact that flowering, pod-filling, and vegetative
growth proceed concurrently in indeterminate types allows
them to develop a large source capacity along with a long
reproductive period and so to produce large yields in the
shorter seasons which prevail at more extreme latitudes.”
Address: 1. Plant Environment Lab., Dep. of Agriculture and
Horticulture, Univ. of Reading, Shinfield Grange, Reading,
Berkshire, England; 2. Dep. of Agriculture and Horticulture,
Univ. of Reading, Earley Gate, Reading, Berkshire, England.
2517. Thorne, John H. 1985. Assimilate transport and
soybean seed development. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 739-48. [24
ref]
• Summary: Contents: Introduction. Route of assimilate
import. The nutritive role of the seed coat. Assimilate
accumulation in isolated cotyledons. Source of assimilates
for storage product formation. Unresolved questions.
Address: Plant Sciences Group Leader, Central Research and
Development Dep., Experimental Station, E.I. DuPont de
Nemours, Inc., Wilmington, Delaware 19801.
2518. Wang, Jinling; Gao, Fanglan. 1985. Breeding superearly soybean cultivars. In: R. Shibles, ed. 1985. World
Soybean Research Conference III: Proceedings. Boulder,
Colorado: Westview Press. xxiii + 1262 p. See p. 439-45. [2
ref]
• Summary: Contents: Parental materials and procedures.
Distribution of maturity date in the hybrid populations.
Different rate of occurrence of super-early segregates among
crosses. Estimation of genetic parameters. Conclusions.
References. Address: North East Agricultural College,
Harbin, Heilongjiang, China.
2519. Nelson, Randall L. 1986. Defining the seed-filling
period in soybeans to predict yield. Crop Science 26(1):13235. Jan/Feb. [13 ref]
• Summary: “Practical considerations support the use of R5

to R7 for defining SFP. The middle R-Stages (R3 to R6) are
defined in terms of the upper four nodes of the plant. With
indeterminate cultivars, the number of nodes on the stem
is still increasing at R4. This circumstance makes it more
difficult to predict when a plant will reach R4 because it will
depend on both the rate of pod growth and the rate of node
production on the main stem. As the plant approaches R5,
stem elongation is generally terminating and the node of
reference is not likely to change between observations even
if observations are only made weekly. The R5 to R8 stage
may be a useful definition of SFP in some instances. The
R8 stage is easier to predict because it defines the end of a
process (pod browning), whereas R7 defines the beginning
of the same process. Recording R8 rather than R7 could be
useful for initial screening of large numbers of genotypes.”
Address: Research geneticist, USDA-ARS, and asst. prof.,
Dep. of Agronomy, Univ. of Illinois, Urbana, IL 61801.
2520. Holowach, Lorraine P.; Madison, J.T.; Thompson, J.F.
1986. Studies on the mechanism of regulation of the mRNA
level for a soybean storage protein subunit by exogenous
L-methionine. Plant Physiology 80(2):561-67. Feb. [31 ref]
• Summary: Hybridization of cotyledon mRNA with cDNA
complementary to Beta-mRNA revealed that the 1700
nucleotide Beta-mRNA was not present in supplemented
cotyledons. Thus, expression of the Beta-subunit gene is
controlled at the level of transcription, RNA processing, or
RNA turnover, rather than at the level of translation.
Note: Messenger RNA (mRNA) is a large family of
RNA molecules that convey genetic information from DNA
to the ribosome, where they specify the amino acid sequence
of the protein products of gene expression. Address: U.S.
Plant, Soil and Nutrition Lab., Agricultural Research Service,
USDA and Div. of Biological Sciences, Cornell Univ.,
Ithaca, New York 14853.
2521. Martin, B.A.; Wilson, R.F.; Rinne, R.W. 1986.
Temperature effects upon the expression of a high oleic acid
trait in soybean. J. of the American Oil Chemists’ Society
63(3):346-52. March. [22 ref]
• Summary: Two soybean varieties were grown to maturity
in a controlled environment to investigate the effects of
on the fatty acid composition of the developing seed. The
varieties showed differences in their oleic acid (18:1)
content. When oil was extracted from these soybeans, it was
shown that temperature had affected the desaturation of the
18:1 bond. Address: 1&3. Agronomy Dep., Univ. of Illinois,
Urbana.
2522. Borrero, A. 1986. Mapa nacional de produccion de
soja–España [National map of soybean production–Spain].
Eurosoya No. 4. p. 100-02. April. Includes full-page color
map. [Spa; Eng]
• Summary: “Preliminary considerations: This report has
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been conceived as an approximation to the request of 1976
Soybean Conference in Toulouse (France) for the drawing of
a map representative of comparable ecological situations in
Europe. It is based on the results obtained in the comparison
of soybean varieties experiments at different locations
between 1969 and 1972, that were completed later by more
detailed studies as well as on the evolution of the crop in the
commercial aspect.
“Climatological data: This map is based on data from
several meteorological stations such as Sevilla, Cordoba,
Badajoz, Alcala de Henares (Madrid), Zaragoza, Tortosa
(Tarragona), Valladolid and La Coruna.
“These data correspond to the growing season period
(from May to October), and they are referred to the values
of the mean daily temperature, the sum of the monthly mean
temperature, average rainfall per month, monthly average
relative humidity, daily number of hours of sunny sky,
maximum possible hours of sunshine, and evaporation of an
uncovered surface of water.
“Conditions of the crop development: Spain offers
a large diversity of environmental conditions in relation
to climate, temperature and rainfall, as well as in the soil
characteristics and altitude. That causes a large heterogeneity
of the different varieties that influence the crop, even for near
locations.
“On the other hand, artificial irrigation is necessary
in most parts of the area destined to soybean crop because
of the limited rainfall, with the exception of the some rich
southern dry lands (Jerez de la Frontera) and the humid dry
lands of the northern part of the country (Burgos, Vitoria,
northern Coast).
“The economic competition with other crops giving
larger incomes and profits at the actual prices, has avoided
the implantation of soybeans in those areas although it
is possible to grow soybeans in those dry lands from the
agronomical point of view. Therefore, the soybeans are
grown under artificial irrigation and they are located along
the river valleys in their larger proportion.
“The soybeans may be sown as a first crop in all regions
or as a second crop in a large part of the country.
“Actually, due to economic reasons, 90% of planting are
as a second crop after harvesting wheat or barley and after
other crop such as beans, peas or potatoes.
“Varieties distribution: The different areas where
soybeans are grown have been approximately delimited in
the map, indicating the diversity of variety groups used.
“For each area, the varieties of later maturity groups are
used as a first crop, and the earlier or intermediate maturity
groups are sown as a second crop.*
“Types of regions of cultivated soybeans: According to
the productivities that are obtained in different areas, these
have been classified in three categories. These productions
are influenced not only by the soil characteristics and climate
but also by the level of knowledge and experience of the

farmers about this crop in each region, and by the perfection
of the cultivation methods consequently.
“In order to give and idea about the level of mean
production that is reached in the different regions, we include
the following indicative figures:
“As a main crop:
“First region 3,000–4,000 kg/ha.
“Second region 2,000–2,500 kg/ha
“Third region 1,0OO–2,250
“As a second crop:
“First region 2,000–3,000 kg/ha.
“Second region 1,500–2,000 kg/ha
“* Note.–This first approximation might be completed
and refined in the future.” Address: Direccion General de
Investigacion y Extension Agrarias, Apartado 1196, Sevilla,
Spain.
2523. Smith, James R.; Nelson, R.I. 1986. Relationship
between seed-filling period and yield among soybean
breeding lines. Crop Science 26(3):469-72. May/June. [14
ref]
• Summary: “These data suggest a positive relationship
between SFP [seed-filling period] and yield and that progress
for yield may be made by selecting for SFP.” Address: Dep.
of Agronomy, Univ. of Illinois, Urbana, IL 61801.
2524. USA Today (magazine). 1986. Botany: Producing
richer harvests. 114:11. June.
• Summary: Discusses the work of University of Michigan
biologist Larry D. Nooden on misting soybean plants with a
mixture of hormones (cytokinins and auxins) and nutrients.
Cytokinins seem to preserve the plant’s vitality and work
against other, unidentified substances–”death hormones”–
that are believed to be generated in the beans and apparently
trigger the plant’s death. Using a synthetic cytokinin
(benzyladenine) and a synthetic auxin (naphthaleneacetic
acid) produced the best results.
2525. Salado-Navarro, Luis R.; Sinclair, T.R.; Hinson,
K. 1986. Yield and reproductive growth of simulated and
field-grown soybean. I. Seed filling duration. Crop Science
26(5):966-70. Sept/Oct. [20 ref]
• Summary: “The existence of close associations between
yield and seed-filling duration in soybean... populations may
make indirect selection for yield feasible. However, reported
positive associations have not been consistently strong.”
“These results suggest that predictions of the average
yield performance of random soybean genotypes based
solely on estimates of seed-filling duration (EFP, RPD, and
R5 to R7) from any one environment lack the necessary
precision for efficient use in breeding programs.” Address: 1.
Dep. of Agronomy, Univ. of Florida, Gainesville, FL 32611.
2526. Salado-Navarro, Luis R.; Sinclair, T.R.; Hinson, K.
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1986. Yield and reproductive growth of simulated and fieldgrown soybean. II. Dry matter allocation and seed growth
rates. Crop Science 26(5):971-75. Sept/Oct. [17 ref]
• Summary: “A better understanding of the main plant traits
that ultimately lead to seed yield in soybean... is needed.
Objectives were (i) to examine the association among
various seed growth traits and yield, and (ii) to compare
the stability across environments of dry matter allocation
coefficient (DMAC) and seed growth rate on a land area
(SGR) and individual seed (ISGR) basis with that for yield.”
Address: Dep. of Agronomy, Univ. of Florida, Gainesville,
FL 32611.
2527. Urwiler, Michael J.; Stutte, C.A. 1986. Influence
of ethephon on soybean reproductive development. Crop
Science 26(5):976-79. Sept/Oct. [19 ref]
• Summary: “Past research indicates that stresses such
as carbohydrate (10,17), water (7,12), and nutrient (10)
deficiencies and high temperature (16) can increase soybean
flower and pod abscission. These stresses also stimulate
ethylene biosynthesis in other plant tissue (11,13). We
found that soybean leaf and reproductive tissue synthesizes
ethylene in response to a stressful situation induced by
excision. Also, by applying ethephon [(2-chloroethyl)
phosphonic acid] and quantifying the subsequent generation
of ethylene, we demonstrated that ethylene induces
abscission of soybean reproductive structures, and if the
ethylene level is high enough the pod and seed development
are adversely affected.” Address: Dep. of Agronomy, Univ.
of Arkansas, Altheimer Lab, Route 11, Box 83, Fayetteville,
AR 72703.
2528. Board, James E.; Settimi, J.R. 1986. Photoperiod
effect before and after flowering on branch development in
determinate soybean. Agronomy Journal 78(6):995-1002.
Nov/Dec. [23 ref]
• Summary: “Previous research indicated that restricted
branch development was a factor associated with
soybean... seed yield reductions at late planting dates in
the southeastern United States. The present studies were
conducted to outline the progress of branch development
at different planting dates and to determine the role of
photoperiod in branch restriction at late planting dates.”
Address: 1. Assoc. Prof.; 2. Graduate Research Asst. Both:
Dep. of Agronomy, Louisiana Agric. Exp. Station, Louisiana
State Univ. Agric. Center, Baton Rouge, LA 70803.
2529. Keigley, P.J.; Mullen, R.E. 1986. Changes in soybean
seed quality from high temperature during seed fill and
maturation. Crop Science 26(6):1212-16. Nov/Dec. [21 ref]
• Summary: “The percentages of small, etched, discolored,
and wrinkled seed were 0.1, 3.6, 2.3, and 0.2%, respectively,
under constant low temperature, but the percentages
increased to 2.7, 20.1, 26.2, and 2.8% under constant high

temperature. The high temperature directly influenced
germination, vigor, and physical quality even when applied
during the first 10 days of the seed-filling period. Phomopsis
sp. (pod and stem blight fungus) seed decay averaged less
than 4% and did not account for the reductions observed
in germination or vigor.” Address: Iowa Agric. and Home
Economics Exp. Station, Ames, IA 50011.
2530. Zhuang, Bingchang; Xu, Bao; Lu, Qinhua. 1986.
[Effect of day and night temperature on development of
wild, semiwild, and cultivated soybean in China]. Dadou
Kexue (W.-G. Ta Tou K’o Hsueh; Soybean Science, China)
5(4):289-98. Nov. [15 ref. Chi; eng]
• Summary: Samples of 22 wild (G. soja), 11 semiwild,
and 15 cultivated soybeans (G. max) were collected from
different latitudes (25-52ºN) in China. The plants were
grown in 5 growth chambers under 5 different combinations
of day / night temperatures, which are given. The
photoperiod was 12 hours, and the light intensity was 13-15
klux (kilolux). The experiment lasted for 120 days. Days
from emergence to flowering (FD) and to maturity (MD)
were calculated.
Five different complex conclusions are discussed.
Address: Soybean Institute, Jilin Academy of Agricultural
Sciences, Jilin, China.
2531. Centre Technique Interprofessional des Oleagineux
Metropolitains. 1986. Le Soja: Physiologie de la plante
et adaptation aux conditions françaises [The soybean:
Physiology of the plant and adaptation to French conditions].
Paris. Informations Techniques. Sup. 1986. 182 p. [Fre]*
Address: Paris, France.
2532. Davydenko, O.G.; Anoshenko, B. Yu.; Podlisskikh,
V.E.; Sokolov, A.A.; Trukhanovets, N.L.; Ustimovich, Ya.;
Chervyakova, T.O. 1986. Differentsiatsiya rannespelykh
sortov soi po ikh reaktsii na izmenenie fotoperioda i
temperatury [Reactions of soybeans to photoperiod and
temperature]. In: Tezisy Dokladov V s’’ezda Beloruskogo
Obshchestva Genetikov i Selektsionerov (25-27 Iyunya 1986
g., g. Gorki). Gorky. See p. 1, 37-38. [Rus]
Address: Soybean Breeder, National Academy of Sciences
of Belarus, Inst. of Genetics and Cytology (Institut genetiki i
tsitilogii), Zhodinskaya str. 14, 220023 Minsk, Byelorussian
SSR.
2533. Andre, Jon Christopher. 1986. I. Determination
of the stereochemistry of lipoxygenase products. II.
Characterization of peroxidase activity of soybean
lipoxygenase-1. MSc thesis, University of Toledo, Toledo,
Ohio. 116 p. Page 4853 in volume 47/12-B of Dissertation
Abstracts International. *
Address: Univ. of Toledo, Ohio.
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2534. Anstey, T.H. 1986. One hundred harvests: Research
Branch, Agriculture Canada, 1886-1986. Research Branch,
Agriculture Canada, Historical Series No. 27. xvi + 432 p.
See p. 228-30. [6 ref]
• Summary: “William Saunders first planted soja [sic] bean
on the Central Experimental Farm in 1897. Because all
available varieties were long-seasoned and would not mature
sufficiently to produce ripe seed, the soybean was harvested
as hay when pods were about half filled. As recently as
the late 1930s no variety was available that would reliably
mature seed when grown in Canada...
“The first effort to improve soybean for Canadian
conditions was in 1923 when F. Dimmock organized
extensive variety trials at Harrow. He transferred to the
Forage Crops Division, Ottawa, in 1927 but continued
to manage the Harrow soybean trials until C.W. Owen
was appointed in 1929. Dimmock inaugurated a selection
program within the Manchu variety to find earlier maturing
varieties for southwestern Ontario. The first selection, A.K.
(Harrow), was released in 1931. It was not until 1943,
however, that Harosoy was released from the crossbreeding
program started in 1936. The introduction of Harosoy from
the Experimental Station, Harrow, marked the beginning
of the commercial soybean industry in Canada. By 1959
Harosoy was the most important variety in Canada,
occupying about 70,800 ha (75 percent of the soybean) in
Ontario and about 1,620,000 ha (15 percent) in the United
States.
“Dimmock at Ottawa and Owen at Harrow used germ
plasm obtained from Harbin, China, to develop early
varieties. They also freely exchanged parental material
with the University of Minnesota; consequently the three
programs produced similar varieties.
“The objectives of the Harrow and Ottawa programs
were to develop varieties that would mature sufficiently early
for all seed to ripen before harvest (125-130 days) and to
have strong upright branches that held seed pods well above
the ground for ease in harvesting...
“The Ottawa program emphasized production of early
varieties because the growing season in the northern part
of Ontario, Quebec, and Manitoba was about 10 days
shorter than at Harrow. In 1961 L.S. Donovan assumed
responsibility for the Ottawa soybean (and corn) breeding
programs. His objective was to develop varieties of soybean
that would mature in the Ottawa River valley of Quebec
and Ontario and in southern Manitoba. To achieve this goal
he turned to Sweden, which had obtained early maturing,
day-neutral varieties from the Sakalin [sic, Sakhalin]
Islands of northern Japan. By using this new germ plasm
in combination with material from Germany, Donovan
widened the genetic base of his breeding program and made
outstanding progress... From this program came Maple
Arrow (1976), Maple Amber (1981), and Maple Presto
(1982). At the time of introduction, Maple Presto was the

earliest maturing soybean licensed in Canada...
“Recently H.D. Voldeng of the Ottawa Research Station
developed two edible varieties grown specifically for the
Japanese market. To obtain the needed small seeds Voldeng
turned to wild soybean from China, which has black seeds in
small pods...
“In 1978, in cooperation with the Alberta Department
of Agriculture, a soybean breeding program was initiated at
Lethbridge. H.-H. Mündel was appointed to develop varieties
suitable for irrigated lands.” Address: Canada.
2535. CETIOM (Centre Technique Interprofessionnel des
Oleagineux Metropolitains). 1986. Physiologie et adaptation
du soja aux conditions françaises [Physiology and adaptation
of soya to French conditions]. 17, rue de Fleurance, 31400
Toulouse, France. 181 p. Les Publications Scientifiques 403.
[Fre]*
Address: Toulouse, France.
2536. Hartwig, Edgar E.; Edwards, Calton J., Jr. 1986.
Evaluation of soybean germplasm: Maturity groups V
through X. Stoneville, Mississippi. 158 p. No index. 28 cm.
• Summary: Contents: Evaluation: Definition of terms and
abbreviations. Maturity Groups: V, VI, VII, VIII, IX, X.
The information in this bulletin appears to be printed from
a computerized database. The following information is
given for each variety within each Maturity Group: Line No.
(sequential numbering from 1 to n). Accession number (or
variety name). Origin (e.g. Dortch Seed Co., ARS [USDA’s
Agricultural Research Service] & Mississippi, Virginia,
China). Year introduced (e.g. 1952). Native name (e.g.
Dunfield X Arksoy, Farmer’s selection, Anwei, Okuro Maru
Daizu). Color: Flower, pubescence, pod wall, seed coat,
hilum. Seed weight (weight of 100 seeds in grams). Growth
type (determinate or indeterminate). Percent (protein and oil;
expressed on a dry matter basis).
Color abbreviations: Flower color: P = purple; Lp
= dilute purple or purple throat; W = white. Pubescence
color: T = tawny; Lt = light tawny; G = gray. Pod color:
Bl = black; Br = brown; Tn = tan. Seed coat color: Y =
yellow; Gn = green; Bl = black; Br = brown; G = gray; Ib =
imperfect black; Bf = buff; Bc = brown with concentric black
markings. Hilum color: same symbols as for seed coat.
“Evaluation for special qualities: The germplasm
collection is routinely evaluated to identify genotypes having
special qualities...” These are indicated by a superscript
number after the Accession No., or on p. 2-4 (when relatively
few varieties are identified as having the special quality).
Twenty special qualities are listed: 1. Resistance to bacterial
pustule Xanthomonas phaseoli (E.F. Sm.) Dows. var. sojensis
(Hedges) Starr & Burkh: CNS. 2. Resistance to race 1 of
Phytophthora megasperma Drechs. f. sp. 3. Resistance to
root-knot nematodes. 4. Resistance to soybean cyst nematode
Heterodera glycines Ichinohe. 5. Resistance to soybean
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mosaic virus. 6. Resistance to soybean rust Phakopsora
pachyrhizi Syd. 7. Resistance to downy mildew Peronospora
manshurica (Naum.) Syd. ex Gaum. 8. Resistance to foliarfeeding insects. 9. Tolerance to high salt levels in the soil.
10. Low lipoxygenase 1. 11. Resistance to mung bean yellow
mosaic. 12. Resistance to soybean scab Sphaceloma glycines
Kurata and Kuribayashi. 13. Glabrous character. 14. Wavy
leaf. 15. Green cotyledon. 16. Concentric black over brown
seed coats. 17. Saddle patterns on seed coat. 18. Brachytic
stem type. 19. Delayed flowering under short-day conditions.
20. Sensitivity to the herbicide Basagran.
The following named varieties were tested: Group V (p.
5): Dorman, Dortchsoy 67, Harrel, Hill, Hollybrook, Luthy,
Nansemond, Peking, S-100, Virginia.
Group VI (p. 83): Arksoy, Amredo, Delsoy, Easy Cook
[Easycook], Haberlandt, Hahto, Hayseed, Laredo, Lee,
Mamredo, Magnolia, Ogden, Old Dominion, Pine Dell
Perfection, Ralsoy, Rokusun, Rose Non-pop.
Group VII (p. 109): Charlee, Clemson, CNS, Creole,
Dortchsoy 31, Gatan, Georgian, Jackson, Mammoth Yellow,
Missoy, Monetta, Palmetto, Pocahontas, Pluto, Roanoke,
Tanner, Tarheel Black, Tennessee Non-pop, Tokyo, Volstate,
Woods Yellow.
Group VIII (p. 127): Acadian, Arisoy, Avoyelles,
Barchet, Biloxi, Cherokee, Delsta, Improved Pelican, J.E.W.
45, Louisiana Green, Majos (from Coker’s), Mamloxi,
Mamotan, Nanda, Nela, Otootan, Seminole, White Biloxi,
Yelnanda (Coker’s), Yelredo (Coker’s).
Group IX (p. 143): None. Group X (p. 151): None.
Address: P.O. Box 196, Stoneville, Mississippi 38776.
2537. Inouye, Jun; Shanmugasundaram, S. 1986.
Photoperiod and temperature effects in the growth and
reproductive behavior of less photoperiod-sensitive
soybeans. In: S. Shanmugasundaram and E.W. Sulzberger,
eds. 1986. Soybean in Tropical and Subtropical Cropping
Systems. Shanhua, Taiwan: Asian Vegetable Research and
Development Center. xv + 471 p. See p. 353-60. [17 ref]
• Summary: “Soybean... is generally classified as a shortday plant. According to Fukui and Yarimizu (1951, 1952),
the crop’s blooming to pod ripening period is reduced
when soybean is grown under short daylengths and high
temperatures. The longer the pod ripening period of a
cultivar, the greater the decrease will be in its blooming
to pod ripening period. However, some researchers have
identified photoperiod-insensitive cultivars.” Address: 1.
Assoc. Porf., Inst. of Tropical Agriculture, Kyushu Univ.,
Hakozaki, Fukuoka, Japan; 2. Soybean breeder and Legume
Program leader, AVRDC, P.O. Box 32, Shanhua, Tainan,
Taiwan.
2538. Lawn, R.J.; Mayers, J.D.; Beech, D.F.; Garside, A.L.;
Byth, D.E. 1986. Adaptation of soybean to subtropical and
tropical environments in Australia. In: S. Shanmugasundaram

and E.W. Sulzberger, eds. 1986. Soybean in Tropical and
Subtropical Cropping Systems. Shanhua, Taiwan: Asian
Vegetable Research and Development Center. xv + 471 p.
See p. 361-72. [30 ref]
• Summary: “Soybean... production in Australia began, in a
limited way, in the late 1960s in southeastern Queensland.
Subsequent expansion took place in southern Queensland,
and later in New South Wales. Small areas of soybean are
presently grown in central Queensland, in the Ord River
region of northwest Australia, and in the Douglas/Daly area
of the Northern Territory.
“Queensland and New South Wales are the dominant
production areas... About two-thirds of the country’s soybean
is produced in the subtropics of southeastern Queensland at
latitudes of 26 to 29ºS.”
“Because much of the soybean crop in the subtropics is
wholly or partly rainfed, production is variable. The soybean
industry in southeastern Queensland was initially established
with cultivars and selections from the southern USA.”
Address: 1. CSIRO Div. of Tropical Crops and Pastures,
Cunningham Lab., St. Lucia, Queensland 4067, Australia.
2539. Needham, Joseph; Lu, Gwei-Djen; Huang, HsingTsung. 1986. Science and civilisation in China. Vol. 6,
Biology and biological technology. Part I: Botany. Joseph
Needham series. Cambridge, England: Cambridge University
Press. xxxii + 718 p. Illust. Index. 25 cm. [2476* ref]
• Summary: Contents: List of 101 illustrations. List of
22 tables. List of 37 abbreviations. Acknowledgements.
Author’s note. Introduction. The setting; China’s plant
geography: Floristic regions, geo-botany in statu nascendi,
the case of chü and chih. Botanical linguistics: Plant
terminology, plant nomenclature. The literature and its
content: Lexicographic and encyclopaedic texts, the pandects
of natural history (Pên Ts’ao)–a great tradition, studies on
wild (emergency) food plants–the esculentist movement,
botanical monographs and tractates, exotic and historical
botany. Plants and insects in man’s service (by Huang HsingTsung): Natural plant pesticides, biological pest control.
Bibliographies: Abbreviations (mostly of journal
names). Chinese and Japanese books before + 1800: 711
references. Chinese and Japanese books and journal articles
since + 1800: 415 references. Books and journal articles in
Western languages: 1388 references. General index. Table
of Chinese dynasties. Romanisation conversion tables (from
Needham’s modified Wade-Giles to pinyin).
“To the memory of Shih Shen-han, Professor of Botany
and Mycology, National North-West Agricultural College,
Wukung, Shensi, in gratitude for much inspiration and blythe
discourse; and of Wu Su-Hsüan, Director of the Department
of Cytology, Institute of Botany, Academia Sinica, Peking,
in gratitude for so sympathetic a welcome... this volume is
dedicated.” Address: 1. F.R.S., F.B.A., East Asian History
of Science Library, Gonville & Caius College, Cambridge,
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England; 2. PhD, Fellow Emeritus of Robinson College,
Cambridge; 3. PhD, Program Director, National Science
Foundation, Washington, DC.
2540. Shanmugasundaram, S.; Sulzberger, E.W. eds.
1986. Soybean in tropical and subtropical cropping
systems: Proceedings of a symposium, Tsukuba, Japan, 26
September–1 October 1983. Revised ed. Shanhua, Taiwan:
Asian Vegetable Research and Development Center. xv +
471 p. Illust. Index. 26 cm. [500+ ref. Eng]
• Summary: Note: The first edition, hardcover, published
Oct. 1985, was recalled and discarded, due to errors in
the text. Contents: Section 1. Cropping systems. 2. Plant
breeding. 3. Management. 4. Diseases and insects. 5. Plant
nutrition. 6. Physiology. 7. Economics. 8. Related topics.
59 chapters total, most of which are cited separately.
Symposium participants. Author index. Subject index.
In the Foreword, G.W. Sellek, Director General of
AVRDC, notes that the proceedings of this symposium
were published in two sections. The proceedings of the first
section, recently published by the Tropical Agricultural
Research Center of Japan (TARC), cover country reports and
special research projects. These proceedings cover cropping
systems. “In the recent past, research was aimed almost
exclusively at raising soybean yields rather than developing
cropping systems that provide the stability needed to grow
soybeans under high-risk conditions. There also seems to
be a greater sense of urgency to integrate cropping systems
research with disciplines such as plant breeding, crop
management, pest control, and plant nutrition.” There is
a strong “need to ensure that scientists from a variety of
disciplines and backgrounds work together so that their
research efforts are well coordinated.” Address: AVRDC,
Taiwan.
2541. Simpson, B.B.; Conner-Oyorzaly, M. 1986. Economic
botany: Plants in our world. New York, NY: McGraw-Hill. *
• Summary: Discusses all important economic plants. A
standard textbook in the field.
2542. Tindale, Mary D. 1987. A new North Queensland
species of Glycine Willd. (Fabaceae). Brunonia 9(1):99-103.
Jan. 19. [4 ref]*
• Summary: The new species is Glycine curvata. Address:
Royal Botanic Gardens, Mrs. Macquarie’s Rd., Sydney,
N.S.W. 2000, Australia.
2543. Gilbert, Henry. ed. 1987. Allelopathy–The effects of
chemicals produced by plants, 1982-1986. USDA National
Agricultural Library Quick Bibliography Series NAL-BIBL
QB 87-03. [248 ref]
• Summary: Based on a search of the AGRICOLA database.
Address: NAL Farming & Forestry Research Branch,
Beltsville, Maryland.

2544. McBlain, B.A.; Hesketh, J.D.; Bernard, R.L. 1987.
Genetic effects of reproductive phenology in soybean
isolines differing in maturity genes. Canadian J. of Plant
Science 67(1):105-16. Jan. [16 ref. Eng; fre]
• Summary: “Soybean... reproductive phenology is
influenced by genotype, photoperiod, and temperature.”
Address: 1. Dep. of Agronomy, OARDC, Ohio State Univ.,
1680 Madison, Wooster, Ohio.
2545. Hymowitz, Theodore. 1987. Introduction of the
soybean to Illinois. Economic Botany 41(1):28-32. Feb. [44
ref]
• Summary: In 1851 the soybean was introduced to Illinois
(via California), and thence to the rest of the Corn Belt. The
introduction came about through a series of very unusual
circumstances. In Dec. 1850 the barque Auckland left Hong
Kong for San Francisco carrying sugar and other general
merchandise. “About 500 miles off the coast of Japan the
ship came across a Japanese junk floundering [foundering]
on the sea. The [Japanese] crew, consisting of 17 persons,
was removed from the junk and taken on board the Auckland,
which continued on to San Francisco. The Japanese took
aboard the Auckland some of their belongings and a box
containing various items such as a log, chart, compass, gold
and silver Japanese coins, etc. The box was presented to
Capt. Jennings.
“On 4 March 1851 the Auckland arrived at the port of
San Francisco. The Japanese were not permitted to leave the
ship and were kept in quarantine until 16 March” because of
the possibility of spreading disease.
By coincidence, waiting for a passenger ship to take him
back to Alton, Illinois, via the Panama overland route, was
Dr. Benjamin Franklin Edwards, a wealthy physician from
Alton who had come to California in search of gold. “At port
while waiting for his ship to take on provisions he probably
examined the quarantined Japanese on the Auckland and
received soybeans, called Japan peas, as a gift (Moore’s
Rural New Yorker 1853). The next day [March 16] the
Japanese were permitted to go ashore.” Dr. Edwards left San
Francisco on 15 March 1851.
“On shore, because of their unusual dress and country
of origin, the Japanese became instant celebrities” and
were even guests at a masquerade ball. For details see the
following 1851 San Francisco newspapers: Daily Alta
California March 5, p. 2, col. 5. Evening Picayune March
5, p. 2. col. 5; March 17, p. 2, col. 5. San Francisco Daily
Herald March 5, p. 3, col. 2; March 18, p. 2, col. 6.
“On April 29, 1851 Dr. Benjamin Franklin Edwards
returned to Alton, Illinois carrying soybean seeds in his
personal possessions.” [Note that he took a first-class ship
to the Isthmus of Panama, went overland by pack mule,
then caught another first-class ship that took him up the
Mississippi River to St. Louis, Missouri–a 6-week trip. The
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first transcontinental railroad, with its western terminus in
Sacramento, was not completed until 14 years later, in May
1869].
In Illinois, Dr. Edwards gave the seeds to Alton
businessman Mr. John H. Lea, who planted them in his
garden in the summer of 1851 (A.H. Ernst. 1853. Journal of
the New York State Agricultural Society). These events took
place 3 years prior to the famous introduction of soybeans
from Japan to the United States by the Perry Expedition.
After Lea harvested his soybean seeds, he distributed
them to various places. Mr. J.J. [sic, J.R.] Jackson of
Davenport, Iowa, wrote in 1854 that he had grown soybeans
in 1852 and 1853; he was the first person to report growing
soybeans in Iowa, now a major soybean producing state.
Since there was no local horticultural society in
Alton, Illinois, Lea sent soybean seed to the Cincinnati
Horticultural Society. In 1852 Mr. Andrew H. Ernst, a wellknown horticulturist, planted and multiplied these seeds
in his nursery, “Spring Garden” near Cincinnati, Ohio [3
citations]. After the 1852 harvest, Ernst sent soybean seeds to
the New York State Agricultural Society, the Massachusetts
Horticultural Society, and the U.S. Commissioner of Patents.
Those organizations sent soybean seed to dozens of farmers
throughout the United States. In 1855 “T.V.P.” of Mount
Carmel, Ohio, reported that he had cultivated soybeans
“for the last three years and have disseminated [them] from
Canada to Texas.” “Most probably he received his soybean
seeds from A.H. Ernst. His evaluation of soybeans as a
potential new crop was amazingly astute...” (See T.V.P.
1855).
“Thus, by the end of 1854 the soybean seeds brought by
Dr. Benjamin Franklin Edwards in 1851 from San Francisco
to Alton, Illinois, were multiplied, disseminated, and
evaluated by farmers throughout the United States.”
In 1854, when Commodore Matthew Perry’s Expedition
opened Japan to western trade, the expedition’s surgeon, Dr.
Daniel Green, observed that the Japanese grew a particular
kind of bean called the Japan pea (i.e. soybean) (Perry 1856,
vol. 2, p. 85). In mid-1854 the expedition’s agriculturist, Dr.
James Morrow, obtained soybean seeds and sent them to
the Commissioner of Patents, which distributed the seeds to
farmers. “Thus from 1855 onward it is difficult to distinguish
between soybean seed sources in farmers’ reports. Did their
soybean seeds originate from the Illinois accession or the
Perry Expedition; perhaps they grew soybeans from both
sources.”
Note 1. This document contains the earliest date seen for
soybeans in California (4 March 1851).
Note 2. This document contains the earliest date seen
for soybeans in Illinois (29 April 1851), or the cultivation of
soybeans in Illinois (summer 1851) (one of two documents).
Note 3. This document contains the earliest date seen
for soybeans in Iowa, or the cultivation of soybeans in Iowa
(1852).

Note 4. A longer version of this story by Robert Lee
Zimmer titled “Scientist Turns Detective, Solves Soybean
Mystery,” appeared as an Associated Press Wire (14 Aug.
1987), which was widely syndicated.
Note 4. Talk with Ted Hymowitz. 1994. May 29.
Benjamin Franklin Edwards was a founder of Shurtleff
College in Alton, Illinois. Address: Crop Evolution Lab.,
Dep. of Agronomy, Univ. of Illinois at Urbana-Champaign,
Urbana, IL 61801.
2546. Soybean Digest. 1987. Researchers fish for soybean
antifreeze. Mid-March. p. 34.
• Summary: “Because the chemical composition of genes
is universal, University of Kentucky agronomists may be
able to splice a gene from an arctic fish called the Winter
Flounder into the cell of a soybean plant. The researchers
hope the result will be a soybean plant with increased
tolerance to cold weather.”
2547. Kuwahara, M.; Nakano, H. 1987. Soybean in Japan.
Eurosoya No. 5. p. 5-7. April. [1 ref. Eng]
• Summary: In 1984 Japan consumed 4,810,000 tons
of soybeans. Of the total, 82% is used for oil and meal
production, 17% for foods, and the rest (1%) as feed for
livestock. 95% of the soybeans used are imported, mainly
from the USA (92%) and China (7%). The soybeans from
China and Japan, which are higher in protein and lower in
oil, are used for traditional foods. Domestic production is
small and these soybeans are expensive. They are processed
to make tofu (38%), miso (24%), natto (10%), and other
foods (11%), while the remaining 17% is used for home
cooking.
Soybean breeding started in 1910 in Japan; pure line
selection from many local varieties was the main method.
After about 1930 cross-breeding became the main method.
In 1935 soybean breeding started at the experiment stations
of the Ministry of Agriculture, Forestry, and Fisheries
(Norinsho). Today there are 5 such stations with a soybean
breeding laboratory and 3-5 breeders per lab. From north to
south they are Chuo and Tokachi in Hokkaido, Kariwano
in Tohoku, Chushin in Nagano, and Kumamoto in Kyushu.
Yet from 1950 to 1980 soybean yield increased only slightly,
to 1.5 tonnes/ha from 1.3 tonnes. Japan’s largest seeded
soybean is Tanbaguro; 100 seeds weigh 70 gm. It is preferred
for cooking. The smallest is Nattoshoryo; 100 seeds weigh
8-10 gm. It is traded at high prices for natto production.
For decades the Japanese government, for political
reasons, has subsidized rice production. But after the late
1970s, when production far exceeded domestic consumption,
the government decided to reduce rice acreage and promote
the cultivation of other crops, especially soybeans, barley,
and wheat in the drained paddy fields (converted upland
fields), which accounted for 62% of the soybean cultivated
area in 1985, totaling 134,000 ha. Address: Lab. of Soybean
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Physiology, National Agriculture Research Center, Tsukuba,
Ibaraki 305, Japan.
2548. Bhatnagar, P.S. 1987. Project coordinator’s report.
In: All India Coordinated Research Project on Soybean
(India Council of Agricultural Research). Eighteenth annual
workshop: Proceedings & Technical Programme. National
Research Centre for Soybean, Khandwa Road, Indore
452 001, India. See p. 2-23. Held at Univ. of Agricultural
Sciences, Dharwad (Karnataka) 1-3 May 1987.
• Summary: In 1985-86 some 994,000 tonnes of soybeans
(1.3 million hectares) were produced in India. The yield
was 755 kg/ha, far below the world average of 1,700 kg/
ha. Of this, 78.7% was produced in Madhya Pradesh, and
15.6% in Uttar Pradesh. Yet soybean demand in India is
3.5 million tonnes, due largely to the rapid growth of the
soybean oil industry. This is helping greatly in reducing
India’s dependence on imported oil. He summarizes progress
in soybean research, genetics, breeding, seed production,
production technology, seed physiology, microbiology, plant
pathology, entomology, utilization, and economics. Address:
Director, NRCS.
2549. Carlson, J.B.; Lersten, N.R. 1987. Reproductive
morphology. In: J.R. Wilcox, ed. 1987. Soybeans:
Improvement, Production, and Uses. 2nd ed. Madison,
Wisconsin: American Society of Agronomy. xxii + 888 p.
See p. 95-134. Chap. 4. [54 ref]
• Summary: Contents. 1. Flower development. 2. Stamen
development, microsporogenesis, and pollen maturation. 3.
Ovule development. 4. Pollination and double fertilization.
5. Embryo development. 6. Endosperm development. 7. Seed
coat development. 8. Mature seed. 9. Pod development. 10.
Chronology.
The soybean is a self-pollinating legume; natural
crossing varies from less than 0.5% to about 1%. Therefore
the soybean is a highly inbreeding cultigen. Address: 1. Univ.
of Minnesota, Duluth, MN; 2. Iowa State Univ., Ames, IA.
2550. Lersten, N.R.; Carlson, J.B. 1987. Vegetative
morphology. In: J.R. Wilcox, ed. 1987. Soybeans:
Improvement, Production, and Uses. 2nd ed. Madison,
Wisconsin: American Society of Agronomy. xxii + 888 p.
See p. 49-94. Chap. 3. [78 ref]
• Summary: Contents. 1. Leaf: Gross morphology, petiole
and petiolules, epidermis, mesophyll, vascular architecture.
2. Stem: Mature primary structure, secondary growth. 3.
Root system: Primary structure, secondary growth of root. 4.
Germination and seedling growth: Establishment. 5. Primary
meristems and organ differentiation: Stem apical meristem
and primary stem, apical meristems and leaf development,
root subapical meristem and primary roots, branch roots. 6.
Bacterial root nodules. 7. Mycorrhizal relations. Address: 1.
Iowa State Univ., Ames, IA; 2. Univ. of Minnesota, Duluth,

MN.
2551. McBlain, B.A.; Bernard, R.L. 1987. A new gene
affecting the time of flowering and maturity in soybeans
(Open Access). J. of Heredity 78(3):160-62. May. [14 ref]
• Summary: A single locus for late maturity has been
identified. “Testcrosses of L64-4830 were made to Harosoy
maturity-allele isolines that have single maturity-allele
substitutions of E1, E2, and e3. The results indicated that the
unknown allele was not at any of these loci. The untested
allele e4 conditions photoperiod insensitivity to artificially
extended photoperiods, and earliness. Since both Harosoy
and L64-4830 are photoperiod sensitive, they presumably
have the E4 allele. Thus, the designations E5 for the allele in
L64-4830 and e5 for the allele in Harosoy are proposed for
the new gene pair. ‘Clark’ is the other important background
for maturity-gene isolines and, since it differs from Harosoy
only in having E2 instead of e2, it also must have the e5
allele.” Address: 1. Asst. Prof., Dep. of Agronomy, Ohio
Agricultural Research and Development Center, The Ohio
State Univ., 1680 Madison Ave., Wooster, Ohio 4469.
2552. Nelson, Randall L.; Amdor, P.J.; Orf, J.H.; Lambert,
J.W.; Cavins, J.F.; Kleiman, R.; Laviolette, F.A.; Athow,
K.A. 1987. Evaluation of the USDA soybean germplasm
collection: Maturity groups 000 to IV (PI 273.483 to PI
427.107). USDA Technical Bulletin No. 1718. 267 p. May.
No index. 28 cm.
• Summary: “This report contains data on the origin,
descriptive characteristics, agronomic performance, seed
composition, and disease reaction of over 2,800 accessions
from the USDA Soybean Germplasm Collection in maturity
groups 000 to IV. These accessions were introduced into the
United States from 1961 to 1978. Publicly released cultivars
from the United States and Canada during this same period
were also tested. A maximum of 40 categories of data is
presented for each entry. These accessions were evaluated in
four tests based on maturity, with each maturity group grown
in a latitude to which it was adapted.”
Note: This report consists mostly (about 98%) of fullpage tables. The rest is definitions and explanations of
abbreviations. Address: 1. Research geneticist, USDA-ARS,
and Asst. Prof., Dep. of Agronomy, Univ. of Illinois, Urbana.
2553. Ohio Extension Bulletin. 1987. Glossary [of soybean
agronomy]. No. 741. p. 127. May. Beuerlein et al. eds. The
Soybean in Ohio. iv + 128 p.
• Summary: Glossary–Cultivar: a specific cultivated variety
of a plant species processing distinctive characteristics.
Determinate: a plant which flowers once during the growing
season over a relatively short period of time. Germplasm:
the total genetic material of a plant or species. Hyphae:
threadlike structures which form the body of a fungus.
Indeterminate: a plant which continues vegetative growth
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during flowering and flowers over a relatively long period of
time. Inoculant: a material applied to the seed or in the seed
furrow which contains nitrogen-fixing bacterial capable of
infecting the root system of a legume. Maturity Group (MG):
a relative rating system used to classify soybeans based on
the length of time elapsing between planting and maturity.
Maturity: the growth stage at which dry matter accumulation
is essentially complete. Nitrogen (N) Fixation: the process by
which soil bacterial convert atmospheric nitrogen into a plant
available form (NH4). Photosynthesis: the process by which
plants use sunlight to combine carbon dioxide and water to
form sugars. Respiration: the process by which plants break
down chemical compounds to produce energy.
2554. Raper, C. David, Jr.; Kramer, Paul J. 1987.
Stress physiology. In: J.R. Wilcox, ed. 1987. Soybeans:
Improvement, Production, and Uses. 2nd ed. Madison,
Wisconsin: American Society of Agronomy. xxii + 888 p.
See p. 589-641. Chap. 15. [308 ref]
• Summary: Contents. Introduction. 1. Temperature stress. 2.
Water stress. 3. Light. 4. Carbon dioxide. 5. Metal toxicity. 6.
Stress tolerance. 7. Research needs.
“What constitutes a stress varies with the genotype and
development stage of a plant. For example a temperature
low enough to injure the soybean cultivar Ransom at
flowering might not injure a more chilling-tolerant cultivar
such as Fiskeby V, and a night temperature injurious during
flowering of either cultivar might be harmless or even
beneficial during seed filling.” Address: 1. North Carolina
State Univ., Raleigh, NC; 2. Duke Univ., Durham, North
Carolina.
2555. Shibles, R.; Secor, J.; Merlin Ford, D. 1987. Carbon
assimilation and metabolism. In: J.R. Wilcox, ed. 1987.
Soybeans: Improvement, Production, and Uses. 2nd ed.
Madison, Wisconsin: American Society of Agronomy. xxii +
888 p. See p. 535-88. Chap. 14. [273 ref]
• Summary: Contents. 1. Assimilation. 2. Partition
and transport of assimilates. 3. Respiration. 4. Carbon
metabolism, growth rate, and yield. Address: 1. Iowa State
Univ., Ames, IA; 2. Dow Chemical USA, Walnut Creek,
California; 3. Northeast Missouri State Univ., Kirksville,
MO.
2556. Smith, James R.; Nelson, R.I. 1987. Predicting yield
from early generation estimates of reproductive growth
periods in soybean. Crop Science 27(3):471-74. May/June.
[26 ref]
• Summary: “Heritabilities for most of the reproductive
growth periods were not higher than those for yield, and
the genotypic correlations between yield and reproductive
growth periods were generally small. The predicted gain in
seed yield by selection for increases in reproductive growth
periods, relative to selection for increases in seed yield, was

low in all cases. Early generation selection for reproductive
growth periods was unreliable in identifying high yielding
lines.” Address: Dep. of Agronomy, Univ. of Illinois, Urbana,
IL 61801.
2557. TeKrony, D.M.; Egli, D.B.; White, G.M. 1987. Seed
production and technology. In: J.R. Wilcox, ed. 1987.
Soybeans: Improvement, Production, and Uses. 2nd ed.
Madison, Wisconsin: American Society of Agronomy. xxii +
888 p. See p. 295-353. Chap. 8. [210 ref]
• Summary: Contents. 1. Attributes of seed quality. 2.
Relationship of seed quality to performance. 3. Factors
influencing seed quality. 4. Producing and maintaining highquality seed. 5. Seed multiplication. 6. Summary. Address:
1-3. Univ. of Kentucky, Lexington, KY.
2558. Wilson, R.F. 1987. Seed metabolism. In: J.R. Wilcox,
ed. 1987. Soybeans: Improvement, Production, and
Uses. 2nd ed. Madison, Wisconsin: American Society of
Agronomy. xxii + 888 p. See p. 643-86. Chap. 16. [224 ref]
• Summary: Contents. 1. Properties of soybean seed
development. 2. Primary constituents of soybean seed, incl.
protein, oil, etc. 3. Synopsis. Address: USDA-ARS & North
Carolina State Univ., Raleigh, NC.
2559. Haga, K.I.; Sodek, L. 1987. Utilization of nitrogen
sources by immature soybean cotyledons in culture. Annals
of Botany 59(6):597-601. June. New Series. [17 ref]
• Summary: “Protein synthesis in the maturing soybean
cotyledon depends on a supply of reduced nitrogen from
other parts of the plant. Several forms of reduced nitrogen
are found in the transport stream supplying the developing
fruits, the most important being the ureides allantoin and
allantoic acid and the amides asparagine and glutamine
(Pate, 1980).” Address: Departamento de Fisiologia Vegetal,
Instituto de Biologia, Universidade Estadual de Campinas,
13100 Campinas SP, Brazil.
2560. Lin, Willy; Odell, J.T.; Schreiner, R.M. 1987. Soybean
protoplast culture and direct gene uptake and expression by
cultured soybean protoplasts. Plant Physiology 84(3):856-61.
July. [11 ref]
• Summary: A method was developed for culturing
protoplasts freshly isolated from developing soybean
cotyledons. Address: Central Research and Development
Dep., E.I. du Pont de Nemours & Co., Experimental Station,
Wilmington, Delaware 19898.
2561. Singh, R.J.; Kollipara, K.P.; Hymowitz, T. 1987.
Intersubgeneric hybridization of soybeans with a wild
perennial species, Glycine clandestina Wendl. Theoretical
and Applied Genetics (TAG) 74(3):391-96. July. [22 ref]
• Summary: “Summary. The exploitation of wild perennial
species of subgenus Glycine has been formidable in soybean
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breeding programs because of extremely poor crossability
and an early pod abortion. The combination of gibberellic
acid application to hybridized gynoecia and improved seed
culture media formulations resulted in a new intersubgeneric
hybrid between Glycine max (L.) Merr. (2n = 40) and G.
clandestina Wendt. (2n = 40). Of the 31 immature seeds
cultured, 1 regenerated 21 plants through organogenesis
while the remaining 30 failed to germinate.” Address: Dep.
of Agronomy, Univ. of Illinois, Urbana, IL 61801.
2562. Bernard, Richard L.; Juvik, Gail A.; Nelson, Randall
L. 1987. USDA soybean germplasm collection inventory
[1898-1944]. Vol. 1. INTSOY Series No. 30. vi + 80 p. Aug.
[20 ref]
• Summary: The title page states: “Information on the
origins of soybean and wild soybean germplasm including
introduced and old United States and Canadian domestic
varieties and foreign and domestic strains identified by FC
and PI numbers up to PI 150.000 acquired through 1944 and
maintained by the United States Department of Agriculture.”
Note: PI can stand for either “Plant Inventory” or “Plant
Introduction.”
Contents: Foreword. Curator staff. The USDA soybean
germplasm collection: Introduction, history, PI numbers,
divisions of the collection, maintenance of the collection,
statistical summaries, United States and Canadian varieties,
foreign introductions, appendixes, abbreviations (EAS, ARS
[Agricultural Research Service], ES, INTSOY, USDA, and
USRSL).
Statistical tables: 1. Number of strains by maturity group
(MG, p. 4). This table is divided vertically into north (MG
000 to IV), south (MG V to X), and wild soybeans. There
are columns for: Old domestic varieties (before 1946), FC
strains (mostly from USA), PI strains to 150,000, and total.
The three maturity groups with the greatest number of strains
are III (479), II (436), and IV (376)–all in the north.
2. Number of strains by country of origin (p. 5). This
table is divided vertically into old domestic varieties (before
1946), FC strains, PI strains to 150,000, grand total, and wild
soybeans to PI 150,000. The countries that have contributed
the most strains to the U.S. collection are: China 871, Korea
335, and Japan 288.
3. Number of PI strains by year from 1898 to 1945 (p.
6). Columns show: Year. Plant Inventory volume. Initial PI
designation for all crops. Number of soybean PI designations
plus number of domestic varieties derived from them.
Number of strains in collection each year. Accumulative
total. A total of 7,867 PI soybean strains were introduced
out of a total 150,209 plant introductions (about 5.2% of the
total was soybeans). 413 domestic varieties were derived
from these soybean introductions. The most active years for
soybean introduction were 1926-1932. In 1954 there were
1,524 soybeans in the collection, or only 19.4% of those
introduced with PI numbers. The rest were lost or discarded.

4. Historical summary of soybean introduction, in four
time periods (p. 7): 1898-1923 (26 years, 40 strains/year).
1924-1928 (5 years, 375 strains/year). 1929-1932 (4 years,
1,193 strains/year). 1933-1944 (12 years, 14 strains/year).
5. Soybean instructions from major collecting
expeditions (p. 7). Frank N. Meyer in China, Korea, and
USSR from 1906 to 1917 collected 114 soybean PI strains–
including 1 wild soybean in 1913. P.H. Dorsett in China
from 1924 to 1927 collected 969 PI strains–including 5 wild
soybeans in 1925. P.H. Dorsett and W.J. Morse in China,
Korea, and Japan from 1929 to 1932 collected 4,451 PI
strains.
6. Source and identification of individual strains: Old
domestic varieties (p. 8-19). 7. Source and identification
of individual strains: FC [Forage Crop] strains (p. 20-23).
8. Source and identification of individual strains: PI strains
(by year, 1907-1944, to PI 150.000; p. 24-59). A sample
entry (p. 34) states: Collected in Japan by P.H. Dorsett and
W.J. Morse, USDA Agricultural Explorers, in April to June
1929. Obtained at Nishigahara, Tokyo, on April 15. PI
80.466. Maturity Group V. 32 seeds. ‘Okura Maru Daizu,’
originally from Hokushu, used candied and the product is
called ‘Mimame’ [sic, Nimame]. Note: Right below this is PI
80.468. Tsurunoko Daizu.
Source and identification of individual strains: Wild
soybean strains (by year, 1925-1940, to PI 150.000).
Appendixes: 1. PI strains from which old domestic
varieties were derived. 2. Old domestic varieties introduced
without PI designation. 3. Old domestic varieties of hybrid
or unknown origin. 4. FC strains summarized by country and
year. 5. PI strains summarized by country and year: 1898
to 1944 (PI 1 to PI 150.000). 6. Chinese location names. 7.
Korean location names.
The source, date, maturity group, and other information
for the following 191 old domestic varieties (all of which
are still in the USDA soybean germplasm collection)
is given (p. 8-19): Acadian, Agate, A.K. [FC 30.761],
A.K. [Kansas], A.K. (Harrow), Aksarben, Aoda, Arisoy,
Arksoy, Arlington, Armredo, Austin, Avoyelles, Bansei,
Bansei [Ames], Barchet, Bavender Special A, B, C, Biloxi,
Blackeye, Black Eyebrow, Boone, Burwell, Capital, Cayuga,
Charlee, Cherokee, Chestnut, Chief, Chusei, Clemson (from
Nanjing, China in 1927; released in 1939), Cloud, CNS,
Columbia, Creole, Delsoy, Delsta, Dixie, Dunfield, Earlyana,
Early White Eyebrow, Easycook, Ebony, Elton, Emperor,
Etum, Flambeau, Fuji, Funk Delicious, Funman, Gatan,
Georgian, Giant Green, Gibson, Boku, Goldsoy, Granger,
Green and Black, Guelph (from Japan in 1889 by Prof.
W.P. Brooks, Massachusetts AES; called ‘Medium Green’
from 1903 to 1907), Habaro, Haberlandt, Hahto, Hahto
[Michigan], Hakote, Harbinsoy, Harman, Harrel, Hayseed,
Hidatsa, Higan, Hokkaido, Hollybrook, Hongkong, Hoosier,
Hurrelbrink, Illington, Illini, Ilsoy, Imperial, Improved
Pelican, Jefferson, J.E.W. 45, Jogun, Jogun [Ames], Kabott,
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Kagon, Kanro, Kanum, Kingston, Kingwa, Korean, Kura,
Laredo, Lexington, Lincoln, Linman 533, Louisiana
Green, Luthy, Macoupin, Magnolia, Mamloxi, Mammoth
Yellow, Mamotan 6640, Mamredo, Manchu, Manchu
[Lafayette], Manchu [Lafayette] B, Manchu [Madison],
Manchu–Hudson, Manchu–Montreal, Manchu 3, Manchu
606, Manchu 2204, Manchukota, Manchuria, Manchuria
13177, Manchuria 20173, Mandarin, Mandarin (Ottawa),
Mandarin 507, Mandell, Manitoba Brown, Mansoy, Medium
Green, Mendota, Midwest, Miller 67, Mingo, Minsoy,
Missoy, Monetta, Morse, Mukden, Nanda, Nansemond,
Nela, Norredo, Norsoy, OAC 211, Ogden, Ogemaw, Old
Dominion, Ontario, Osaya, Otootan, Pagoda, Palmetto,
Pando, Patoka, Patterson, Peking, Peking S, Pennsoy, Pine
Dell Perfection, Pluto, Pocahontas, Poland Yellow, Portugal,
Ralsoy, Richland, Roanoke, Rokusun, Rose Non Pop,
S-100, Sac, Sanga, Sato, Scioto, Seminole, Seneca, Shingto,
Shiro, Sioux, Sooty, Sousei, Soysota, Tanner, Tarheel Black,
Tastee, Tennessee Non Pop, Toku, Tokyo, Tortoise Egg,
Viking, Virginia, Virginia S, Volstate, Waseda, Wea, White
Biloxi, Willomi, Willomi B, Wilson, Wilson B, WilsonFive, Wilson-Five B, Wilson-6, Wing Jet, Wisconsin Black,
Wolverine, Woods Yellow, Yellow Marvel, Yelredo.
For each of these 191 varieties, a table gives the
following information: Variety name, maturity group, source
and other information [such as country of origin and year
of introduction to the USA], prior designation [usually a
P.I. number], year named or released, developer or sponsor,
literature. The last column refers to a list of 20 bibliographic
references in chronological order (from 1907 to 1977) on p.
18-19. Address: Univ. of Illinois.
2563. Yamagata, M.; Kouchi, H.; Yoneyama, T. 1987.
Partitioning and utilization of photosynthate produced at
different growth stages after anthesis in soybean (Glycine
max L. Merr.): Analysis by long-term 13C-labelling
experiments. J. of Experimental Botany 38(193):1247-59.
Aug. [17 ref]
• Summary: “Carbon assimilated at the middle to late
seed-filling stage contributed most to the seed production;
one day contribution accounted for 3-4% in total carbon of
the seed at full maturity. Integrated contribution of carbon
assimilated after anthesis was estimated as 96% of the final
seed carbon. An approximation based on the temporal data of
the incorporation of labelled carbon into indicates that 77%
of the final seed carbon came from direct transfer of current
photosynthate from source leaves, which occurred within
a few days after the photosynthetic fixation, while the rest
originated from remobilization of carbon reserved mainly in
leaves.” Address: 1. Shikoku National Agric. Exp. Station,
Zentsuji, Kagawa, 765 Japan.
2564. Harper, James E. 1987. Soybean physiology. Illinois
Research (Illinois Agric. Exp. Station, Urbana) 29(2/3):30-

31. Summer/Fall.
• Summary: Nitrogen fixation occurs when bacteria
called Bradyrhizobium japonicum invade a soybean root
and cause the formation of a tumorlike nodule that can
convert atmospheric nitrogen to ammonium for the plant.
It now appears that the availability of carbon may limit
soybean productivity more than the availability of nitrogen.
Carbon is made available to the plant by photosynthesis.
During photosynthesis, carbon dioxide diffuses from the
air into leaves and is converted into carbon-rich sugars
by sunlight energy. These sugars are used for energy and
provide skeletons for plant structures. Address: USDA plant
physiologist with the Agricultural Research Service and Prof.
of Agronomy, Univ. of Illinois, Urbana, IL 61801.
2565. Pfeiffer, T.W. 1987. Selection for late-planted soybean
yield in full-season and late-planted environments. Crop
Science 27(5):963-67. Sept/Oct. [24 ref]
• Summary: “Abstract: As the hectarage in double-cropped
soybean... production has increased, the necessity of
breeding soybean specifically adapted to double cropping
(planting soybean after a small grain crop is harvested)
has been suggested. The objectives of this research were
to compare random genotypes in full-season and late
plantings for genotype x cropping system interaction and
to evaluate different selection criteria for the identification
of genotypes with superior yield performance in delayed
plantings.” Address: Assist. Prof., Dep. of Agronomy, Univ.
of Kentucky, Lexington, KY 40546-0091.
2566. Singh, S.R.; Rachie, K.O. 1987. Introduction. In: S.R.
Singh, K.O. Rachie, and K.E. Dashiell. eds. 1987. Soybeans
for the Tropics: Research, Production and Utilization. New
York, etc: John Wiley & Sons Ltd. xx + 230 p. See p. xv-xx.
• Summary: Contents: Introduction. Production. Constraints.
Outlook. The soybean has proved more useful than
many other grain legumes because it is a good source of
both protein and oil, and it is well adapted to temperate
conditions. Soybean is easier than its competitors to improve
genetically because of its higher number of chromosomes
(2n = 40 compared with 2n = 14 and 2n = 20 for other grain
legumes).
Most of the credit for bringing this plant into the
twentieth century must go to a small group of brilliant,
highly dedicated crop scientists who began using modern
methods of plant improvement during the past 50 years.
Soybean yields in Africa were the lowest, 660 kg/ha,
while those in East Asia were next lowest, 960 kg/ha. An
FAO study indicates potential soybean production in Africa
on about 145 million hectares if inputs were low and up to
270 million hectares under high-input conditions.
The main barriers to soybean production in the tropics
are biological constraints on the crop and the lack of markets.
The lack of early progress on production in the tropics is
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attributed largely to the lack of a critical mass of researchers
working in a multidisciplinary fashion, the lack of a clear
understanding of the unique problems of soybeans in the
tropics, and the lack of improved germplasm.
But gradually, the technical obstacles to production
began to be understood and addressed by soybean
researchers at international centers (especially at the
International Institute of Tropical Agriculture in Ibadan,
Nigeria, and the Asian Vegetable Research and Development
Center, in Taiwan) and several national programs.
Increasingly scientists in developed countries began to
lend their expertise and germplasm. Among the most helpful
were INTSOY (the International Soybean Program at the
University of Illinois) and the NIFTAL Project (studying
nitrogen-fixing plants at the University of Hawaii).
By the mid-1970s, systematic study of major constraints
had begun. The major biologic constraints identified
during this period included: Seed longevity under ambient
storage, poor nodulation, shattering in temperate varieties,
the complex of pests and diseases, and sensitivity to
photoperiod.
Several challenges remain: The most immediate and
crucial concern is to develop attractive, easily prepared
local dishes from soybeans. Address: International Inst. of
Tropical Agriculture (IITA), PMB 5320, Ibadan, Nigeria.
2567. Thompson, Keith. 1987. Jacob Hartz Seed Co.
(Interview). SoyaScan Notes. Nov. 4. Conducted by William
Shurtleff of Soyfoods Center.
• Summary: Hartz was purchased by Monsanto in April
1983. They have been doing research on soybeans suited
for soyfoods for 10 years. The director of research Curtis
Williams (formerly at Louisiana State Univ. for 6 years)
began in the mid-1970s to develop a very popular natto
variety, that was released in 1980. Proprietary varieties for
seed were first released in 1984. Univ. of Illinois and Iowa
State are also doing food bean research. Soybean production
in the South has shrunk 46% in the last 6 years, to 12 million
acres from 22 million. A soybean containing no trypsin
inhibitor was developed 2-3 years ago but there has not been
much interest in it.
There are three lipoxygenase enzymes: L1, L2, and L3.
There is a Japanese patented process for removing both L2
and L3, using backcrossing. Hartz has lines that are free of
L1 or L2 or L3 or L1 + L3. Lipoxygenase removal seems
to offer big promise for improved soymilk and tofu beans.
Hartz is the only commercial seed breeder in the U.S. doing
work on maturity group IX and X, now that Hinson has
closed down his tropical variety development in Florida.
Hartz has a global outlook. He is sorry that INTSOY is no
longer doing varietal development; they were a great source
of information. Daylight insensitive is also called “juvenile
characteristic.” It takes 1 bushel of seed to plant an acre of
soybeans. Address: Food and Export Manager, P.O. Box 946,

Stuttgart, Arkansas 72160.
2568. Hymowitz, Ted. 1987. Present research on soybeans
(Interview). SoyaScan Notes. Nov. 13. Conducted by William
Shurtleff of Soyfoods Center.
• Summary: 1. Plate tectonics: The distribution of the genus
follows the plates. The wild Glycine is not found east of the
Andesite line. This research aims to show the ancient place
of origin of the soybean before domestication. Lots of field
research is involved, collecting in Oceania and Southeast
Asia, plus study of botanical literature. Plans to collect in
Taiwan and the Ryukyus. 2. Dissemination of the soybean
in Illinois after its introduction by Dr. Benjamin Franklin
Edwards. 3. Trading between Sweden and China in early
days. Address: Dep. of Agronomy, Univ. of Illinois.
2569. Howell, Robert W. 1987. Soybeans in Illinois. Illinois
Research (Illinois Agric. Exp. Station, Urbana) 29(2/3):3-5.
Summer/Fall.
• Summary: For more than 50 years, Illinois has had more
soybean acreage than any other state. In all but one of those
years, Illinois soybean production topped that of all other
states. In 1986, total production on 9.15 million acres in
Illinois was 366 million bushels [40 bu/acre yield]–about
3 million more bushels than its nearest competitor, Iowa.
Illinois also has the largest processing capacity, and the
pricing system for buying and selling soybean contracts on
the Chicago Board of Trade is based on delivery to Decatur.
The dominance of Illinois in the soybean industry is no
accident. Illinois farmers, industrialists, researchers, and
educators have been leaders in the introduction of soybeans
and the growth of the industry since its beginnings. Illinois
farmers and processors such as Stoddard, Staley, and Funk
helped to bring soybean fame to Illinois.
Research on soybeans began at the University of Illinois
almost as soon as the Agricultural Experiment Station was
established. Work on food uses began in the Department of
Home Economics in 1930. Scientific breeding began at the
University of Illinois when Clyde M. Woodworth joined
the faculty in 1920. He produced the first map of soybean
chromosomes and developed the first varieties from directed
hybridization. Until recently, varieties available to farmers
were developed almost entirely in the cooperative program
of the states and the USDA.
The pathologists Koehler (1924) and Sinclair have been
major innovators in the study of soybean diseases. It took a
while to produce good chemical weed control for soybeans
because 2,4-D and other early herbicides were selective
for broadleaf plants; that is, they were as damaging to
soybeans as to their weed targets. When suitable chemicals
became available in the 1960’s, chemical weed control in
soybeans quickly became the standard practice. Integrated
Pest Management, the tool of the 1980’s, economically
and environmentally provides the most effective control.

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 789
Soybean physiology research at the University of Illinois
is exceptionally strong, particularly in the areas of
photosynthesis and nitrogen metabolism. Established in
1965 by the USDA, the soybean photosynthesis unit has won
worldwide recognition.
Nearly all soybean states have adopted “check-off”
[checkoff] plans that call for withholding at the first point
of sale contributions of from ½ cent per bushel in Illinois
to 2 cents per bushel in Wisconsin. These funds are used
for market promotion and for research and education. In
Illinois the check-off program is administered by the Illinois
Soybean Program Operating Board (ISPOB), which was
established in 1974. Address: Prof. Emeritus, Agronomy,
Univ. of Illinois, Urbana, IL 61801.
2570. Kosslak, Renee M.; Bookland, R.; Barkei, J.; Paaren,
H.E.; Appelbaum, E.R. 1987. Induction of Bradyrhizobium
japonicum common nod genes by isoflavones isolated from
Glycine max. Proceedings of the National Academy of
Sciences, USA 84(21):7428-32. Nov. [35 ref]
• Summary: Isoflavones play a role in plant physiology
and survival. The isoflavones daidzein and genistein are the
major inducers of the nodulation genes in Bradyrhizobium
bacteria, which form nodules on soybeans. The early events
in legume nodulation by Rhizobium species involve a
conserved gene cluster known as the common nod region.
Address: 1-3, 5. Agrigenetics Advanced Science Co.,
Madison, Wisconsin 53716; 4. Dep. of Chemistry, Univ. of
Illinois, Chicago, IL 60608.
2571. Ferriss, R.S.; Stuckey, R.E.; Gleason, M.L.; Siegel,
M.R. 1987. Effects of seed quality, seed treatment, soil
source, and initial soil moisture on soybean seedling
performance. Physiopathology 77:140-48. *
2572. McGee, Harold. 1987. A pigment of the imagination:
USDA and the discovery of phytochrome. Google Books. 29
p. Illust. 22 cm. *
• Summary: “Published to celebrate the dedication of
the Plant Gene Expression Center, Agricultural Research
Service, United States Department of Agriculture, Albany,
California, November 18, 1987.” “Prepared by Harold
McGee” Page [30].
2573. Ren, Q.; Gai, J.; Ma, R. 1987. [A study of the
ecological properties of the growth periods of the Chinese
soybean varieties]. Zhongguo Nong Ye Ke Xue (Scientia
Agricultura Sinica) 20:23-28. [Chi; eng]*
2574. Tindale, Mary D. 1987. Taxonomic notes on three
Australian and Norfolk Island species of Glycine Willd.
(Fabaceae: Phaseolae), including the choice of a neotype for
G. clandestina Wendl. Brunonia 9:179-91. [4 ref]
• Summary: Describes Glycine arenaria Tind. Prior to this,

the only Glycine species known to occur in north-western
Australia were G. tomentella Hayata, which occurred
from Taiwan to northern New South Wales in Australia,
and Glycine falcata Benth. from the Northern Territory
and Queensland. Address: Royal Botanic Gardens, Mrs.
Macquarie’s Rd., Sydney, N.S.W. 2000, Australia.
2575. Wang, J.; McBlain, B.A.; Hesketh, J.D.; Woolley,
J.T.; Bernard, R.L. 1987. A data base for predicting soybean
phenology. Biotronics (Japan) 16:25-38. *
2576. Chen, Zhang-Liang. 1987. Accumulation and
regulated gene expression of soybean seed storage proteins
in transgenic plants. PhD thesis, Washington University, St.
Louis, MO 63130. 132 p. Page 1534 in volume 49/05-B of
Dissertation Abstracts International. *
Address: Washington Univ., St. Louis, Missouri.
2577. Chicago Board of Trade. 1987. Weather and the
soybean market. CBOT Handbook Series on Agricultural
Markets 2(2):1-16.
• Summary: Contents: Growing characteristics. Other
soybean-producing countries. Seasonal price behavior.
Chicago Board of Trade soybean futures. An example. More
on weather and crop prices. A graph at the start of the booklet
shows CBOT Weekly Nearest Futures on the CBOT from
Dec. 1967 to Oct. 1978. One futures contract equals 5,000
bushels. From 1966 to 1971 the price was basically constant
at about $2.80/bushel. During 1972 it began a steady rise,
then began to skyrocket in Nov. 1972, reaching a peak of
$12.84 in May-June 1973. By late 1973, it had settled back
to a new steady state of about $6.40/bushel.
In most years, the largest fluctuations in crop prices
can be traced back to weather-related developments. Most
soybeans are planted during May and June, usually after
the completion of corn and cotton planting... But because
soybeans typically have a shorter growing season, they are
often used on land intended for, but not planted to, corn or
cotton because of unfavorable weather conditions earlier in
the year.
“In all growing areas but the northern half of the
Midwest, soybeans can be double-cropped with winter
wheat, a production practice that allows farmers to raise two
crops per year from the same field. Double-cropped soybeans
are planted in June and early July immediately following the
winter wheat harvest, and then winter wheat can be seeded
again after the soybeans have been harvested in September
and October...
“Soybeans are photoperiodic–that is, the start of
flowering (also referred to as blooming or blossoming)
is controlled by the number of hours of daylight. This is
in contrast to most other crops where the beginning of
the reproductive stage is determined by the planting date.
After June 21–the ‘longest day of the year’ in the Northern
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Hemisphere–the daylight period shortens by a few minutes
each day. When the daylight period falls below the critical
level for a given variety, it triggers the start of the flowering
process.
“Soybean varieties used in the United States are divided
into maturity groups based on the daylength necessary to
trigger flowering. Earlier-maturing beans, which are raised
primarily in northern latitudes where the growing season is
shorter, will flower at a longer daylength–that is, sooner after
June 21–than longer-season varieties.
“Soybean flowers are self-fertilizing and eventually
develop into pods...Most U.S. soybean varieties are
indeterminate, meaning that they do not have the distinct
stages of development found in most other plants. As a
result, new flowers continue to be produced over a three
to four week period in July and early August while other
flowers elsewhere on the plant have already set.
“In soybeans, moisture needs increase rapidly at the start
of flowering in July. Requirements increase again in August
during the pod-setting stage when the flowers develop into
pods, and in the early pod-filling stages when beans begin
to develop with the pods. The indeterminate growth pattern
allows the soybean plant to withstand several weeks of
drought or other stress without suffering a significant yield
reduction...
“During August and September the pods continue filling
out, a process that can continue right up until harvest. It is
during this period that final yields are determined, making it
very difficult to accurately estimate soybean yields earlier in
the growing season. Warm weather with frequent rains can
increase individual bean size and boost yields significantly,
while a drought can result in smaller beans and lower
yields... As a general rule, hot weather during pod-filling
increases oil content, while cool temperatures reduce it...
“Harvest usually runs from mid-September through
November and begins as soon as moisture levels in the beans
permit... When moisture levels are too high the beans will
be soft and can be damaged by harvesting and handling
equipment. In addition, excessive moisture can lead to
spoilage and storage losses because soybeans can be difficult
to dry in on-farm facilities.
“Conversely, when moisture levels are too low, the pods
become brittle and easily shatter as harvesting equipment
moves through the fields. When the pods shatter, the beans
drop out of the pods and onto the ground where they cannot
be recovered, causing harvesting losses to increase and
yields to drop...
“The United States typically raises 50 to 60 percent of
the world’s soybeans... The only other major producer in
the Northern Hemisphere is China... Brazil and Argentina
are the key players in the Southern Hemisphere, where
the growing season is ‘out of sync’ with the Northern
Hemisphere by six months. In Brazil, which raises 15 to 20
percent of the world’s production, most of the soybeans are

planted in November... and are harvested in March and April.
Production areas in Argentina, where 5 to 10 percent of the
world’s soybeans are grown, are located farther south than
those in Brazil. This makes the growing season somewhat
shorter, so each step occurs two to four weeks later than in
Brazil.
“Both Brazil and Argentina use soybean varieties that
are determinate and flower only once during the growing
season. This growth pattern makes South American soybeans
more susceptible to drought and other weather problems
because they do not have the ability to replace lost flowers.
“In an average year, U.S. soybean prices are typically
lowest following harvest, usually between November and
January when supplies are largest relative to demand.”
Address: Chicago, Illinois.
2578. Delves, Angela C.; Higgins, A.V.; Gresshoff, P.M.
1987. Shoot control of supernodulation in a number of
mutant soybeans, Glycine max L. Merr. Australian J. of
Plant Physiology 14(6):689-94. [21 ref]
• Summary: “Seven supernodulation mutants of soybean...
derived from the cultivar Bragg were investigated for shoot
control of the supernodulation response. Reciprocal grafts
showed that supernodulation in all lines tested was obtained
only if the genotype of the shoot was homozygous for the
mutant allele(s).” Address: Dep. of Botany, Australian
National Univ., G.P.O. Box 4, Canberra, A.C.T. 2601,
Australia.
2579. Hymowitz, Theodore. 1987. Increasing yields and food
and nutritional quality through breeding: Grain legumes.
In: Jacqueline Dupont and Elizabeth M. Osman, eds. 1987.
Cereals and Legumes in the Food Supply. Ames, Iowa: Iowa
State University Press. xxii + 360 p. See p. 15-24.
• Summary: “With approximately 650 genera and 18,000
species, the Leguminosae is the third largest family of
flowering plants, after the Compositae and Orchidaceae, and
second only to the Gramineae in economic importance... Of
the thousands of known legume species only about 12 are
used extensively as grain legumes. The grain legumes are
those plants of the Leguminosae used as food in the form of
unripe pods, immature seeds, or mature dry seeds, directly or
indirectly...
“Worldwide grain legume production is small (ca. 10%)
relative to that of cereals; however, the role of grain legumes
in human nutrition is more important than their relative
acreage. Of the 22 major crops in the world, the cereal grains
wheat, maize, rice, barley, sorghum, oats, millets and rye are
number 1, 2, 3, 5, 10, 13, 19, and 21, respectively, in total
production. Soybeans and peanuts are number 8 and 22 on
the production list. However, for total protein production,
soybeans, peanuts, common beans and peas are number 3,
10, 13 and 15 among the major crops of the world...
“The major complaint about the grain legumes is their
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relatively low yield per unit area when compared to the
cereals. The low yields reflect the evolutionary background
of the Leguminosae. There are three biochemical processes
that take place in all grain legumes which operate against
high grain yields. These processes are photorespiration,
nitrogen fixation and photosynthetic energy relationships.
Photorespiration occurs in the light and consumes about 30%
of the products of photosynthesis...
“The adage that there is no free lunch is quite apt when
applied to the nitrogen fixation process... The legumeinhabiting bacteria form nodules on the roots which
convert atmospheric nitrogen into a form that the plant
can assimilate for its use. The plant in turn furnishes the
necessary carbohydrate or energy to the bacterial organism.
This diversion of carbohydrates by the plant for use by the
bacterial organism reduces potential grain production by
about 10%.
“The maize plant produces a seed which is mostly
starch. It takes about 1.2 kg of glucose to produce 1 kg of
carbohydrate which has about 4.0 million calories of stored
energy. The soybean plant produces a seed which on the
average contains about 40% protein and 20% oil. It takes
about 2.2 kg of glucose to produce 1 kg of protein which
has about 4.8 million calories of stored energy and 2.8 kg
of glucose to produce 1 kg of oil which has 9.5 million
calories of stored energy. Therefore, a major reason why
soybean yields are lower than maize is because of the energy
intensive process of producing a high protein and oil grain.”
Address: Univ. of Illinois Urbana.
2580. Jofuku, Kazuko Diane. 1987. Developmental
regulation of soybean seed protein gene expression. PhD
thesis, University of California, Los Angeles. 126 p.
Page 1894 in volume 48/07-B of Dissertation Abstracts
International. *
Address: Univ. of California, Los Angeles.
2581. Shieh, Woan-Ru. 1987. I. Studies on the active sitedirected enzyme inhibitors of soybean lipoxygenase; II.
Purification and studies on the beta-keto ester reductases
from bakers’ yeast. PhD thesis, University of Wisconsin–
Madison. 263 p. Page 747 in volume 48/03-B of Dissertation
Abstracts International. *
Address: Univ. of Wisconsin–Madison.
2582. Wang, Lianzheng. 1987. Soybeans–The miracle bean
of China. In: Sylvan Wittwer, Yu Youtai, Sun Han, and
Wang Lianzheng, eds. 1987. Feeding a Billion: Frontiers
of Chinese Agriculture. East Lansing, Michigan: Michigan
State University Press. 462 p. See p. 183-99. Chap. 14. [13
ref]
• Summary: A good overview of soybeans in Chinese
agriculture today, and of early history in China. “World
soybean acreage has doubled during the past twenty years.

This represents a greater expansion than for any other
major crop. Wang Jinling of the Northeastern Agricultural
College at Harbin and others have studied the photoperiodic
responses of wild soybeans from the northern part of
the Heilongjiang Province to the southern part of Hunan
Province. They found that, among the wild soybeans of the
Yangzi River valley, there are typical short-day types of
primitive characteristics. It was concluded that the Yangzi
River valley of South China was the site of origin for the
cultivated soybean. Soybeans with moderate short-day
behavior, when moved from that region, were found suitable
for North China. But the Yellow River valley also has a large
number of wild and semi-wild soybeans of many types and
cultivars. Here the cultivated soybeans may have originated
from the wild soybeans through selection. Lui Shilin has
suggested that the cultivated soybean may have originated
from many different places in China.
Soybeans were first called “shu,” a word which appears
repeatedly in the Shijing [The Book of Songs], which is one
of the five Chinese classics dating from 1,100-771 B.C. The
Chinese name for the soybean, dadou, first appeared in the
book of Shen Nong from the third to fifth centuries B.C. In
the “Xiao Ya” section of the Book of Songs it is mentioned
that “... in Central China there was the soybean and farmers
collected it.” Another song, “Guofen” (1,000 B.C.) states
that “in October, rice and soybeans are collected.” A book by
Zuo Zhuan (351 B.C.) reports that “the King of Zhou has a
brother who was unable to tell soybeans from wheat.” In the
Mo Zi (400 B.C.) it is stated that, “relating to farming and
forestry, if soybeans and millet were plentiful, the people had
enough to eat.”
Archaeological findings: In 1959, in Houma County,
Shanxi Province, archaeologists unearthed soybean grains
now found in the Natural Museum in Beijing. According to
carbon-14 determinations, they are 2,300 years old [c.a. 300
B.C.]. The seed coats have a yellow color, and the weight of
a hundred grains is about 20 gm. These are the earliest and
oldest of archaeological soybean seed relics in the world.
Distribution of the cultivated soybean: During the Zhou
Dynasty, the soybean was grown mainly in the Yellow River
valley as a main food staple. It was reported that “people
eat soybean grain and soybean leaf soup.” During the Han
Dynasty, in Central China, the people suffered one calamity
after another. It was then that large numbers of peasants
migrated to the northeast and carried soybeans with them,
(see Book of Fan Senzhi, 100 B.C.). At that time, the area for
soybean culture was 40% of all crops.
In Shandong, Henan and Hebei provinces, soybeans are
used primarily as a staple food. Soybean flour (10-20%) is
added to wheat flour and the flour of miscellaneous other
crops for noodles, steamed bread and buns. In North China
and the Liaoning Province, soybean flour is added to milk
to produce a milk powder substitute. Heilongjiang and Jilin
provinces are taking the initiative in transforming soybeans
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into a variety of meat analogs. In northeast and northern
China, soybean oil is the most important cooking oil.
Soybeans for industrial uses: The soybean has many
industrial uses in China. One of the most important is in the
production of high grade industrial enamels. It is also used
extensively in the manufacture of varnishes and alkyl resin
paints, and in inks and stains, pharmaceuticals, oilcloth,
linoleum, and synthetic rubber. Soybean protein is used in
adhesives, paper coatings, water-thinned paints, plastics,
printing inks, and textile fibers. The soybean is widely used
in the production of lecithin, hormones, vitamins, furfural,
bakelite, and monosodium glutamate.
Historically, soybeans, tea, and silk have been China’s
three largest agricultural exports. A moderate percentage (1020%) of the soybeans produced in China are used directly
as human food in the form of sprouts or immature beans
in the pod and as many products derived directly from the
beans. There has been a surplus of soybeans in recent years
in China, and exports to the USSR and Japan have been
increasing. Utilization of soybeans in China will vary with
the province. In Heilongjiang, the leading producer with
30% of China’s soybeans for 1984, 40% were exported to
the USSR and Japan, 35% went for human consumption,
10% went for seed purposes, and 15% were exported to
other provinces in China. In Jiangsu Province, 80% of the
soybeans produced go directly for human consumption.
Note: This document contains the earliest date seen for
an archaeological dating of soybeans in China or East Asia or
the world.
2583. Weerasena, Sarath Lakshman. 1987. Soybean seed
maturation, respiration, and postharvest deterioration. PhD
thesis, Cornell University. 110 p. Page 3457 in volume
48/12-B of Dissertation Abstracts International. *
Address: Cornell Univ., New York.
2584. Egli, D.B. 1988. Alterations in plant growth and dry
matter distribution in soybean. Agronomy Journal 80(1):8690. Jan/Feb. [21 ref]
• Summary: The results suggest “that the fruit and seed
numbers may be more closely related to crop growth rate
than to the partitioning of assimilate.” Address: Dep. of
Agronomy, Univ. of Kentucky, Lexington, KY 40546-0091.
2585. Parrott, W.A.; Hildebrand, D.F.; Pfeiffer, Thomas;
Collins, G.B.; Williams, E.G. 1988. Development of a
regeneration/transformation system and its potential for
genetic modification of soybean. In: L. McCann, ed. 1988.
Soybean Utilization Alternatives. St. Paul, MN: Univ. of
Minnesota Center for Alternative Crops and Products. vi +
429 p. See p. 423-24.
• Summary: “The soybean is an important crop for which in
vitro techniques have considerable potential, but for which
a reliable regeneration/transformation system has not yet

been developed. The only such system currently reported for
soybean involves auxin-stimulated somatic embryogenesis
from the cotyledons of immature zygotic embryos. We are
developing this somatic embryogenesis system to provide
a gene transfer protocol for soybeans.” Address: Agronomy
Dep., Univ. of Kentucky, Lexington, KY 40546-0091.
2586. Price, T.V. 1988. Seed sprout consumption for human
consumption–A review. Canadian Institute of Food Science
and Technology Journal 21(1):57-65. Feb. [77 ref]
• Summary: Contents: Abstract. Introduction. Economic
importance. Nutritive value of sprouts. Principles of sprout
production: Seed source, seed germination, duration of
seed soak and temperature of soak water, watering regime,
frequency, duration and water temperature, gaseous
exchange, room temperature and humidity, light, hormones,
growth regulators, harvest time, post-harvest treatment, postharvest storage, packaging, bottling and canning, microbial
and toxicological factors. Conclusions. Acknowledgements.
“Germinated mung beans (Vigna radiata L.) are the
oldest and best known of all sprouts and have been used as
food by the Chinese for nearly 5,000 years.” Address: School
of Agriculture, La Trobe Univ., Bundoora, Victoria 3083,
Australia.
2587. Grattan, S.R.; Maas, E.V. 1988. Effect of salinity on
phosphate accumulation and injury in soybean II. Role of
substrate Cl and Na. Plant and Soil 109(1):65-71. June. [12
ref]
• Summary: “Soybean... cultivars differ in their sensitivity to
inorganic phosphate... In saline media, [soybean] plants were
found to be much more sensitive to P.” Address: US Salinity
Lab., Agriculture Research Service, US Dep. of Agriculture,
Riverside, California 92501.
2588. Morandi, E.N.; Casano, L.M.; Reggiardo, L.M.
1988. Post-flowering photoperiodic effect on reproductive
efficiency and seed growth in soybean. Field Crops Research
(Amsterdam) 18(4):227-41. June. [33 ref]
• Summary: “Abstract: Photoperiod not only controls
soybean... flower induction, but also affects later stages of
reproductive growth. Its effect on different yield-determining
processes, however, is not well understood...” Address:
Cátedra de Fisiología Vegetal, Facultad de Ciencias Agrarias,
UNR, Santa Fe 2051, 2000 Rosario, Argentina.
2589. Babcock, Jim. 1988. Ripley’s be-leaf it or not:
Soybean thrives when sky is dry. Daily News (Dayton,
Ohio). Aug. 8. p. 3-A.
• Summary: A bean called Ripley is telling a University of
Dayton (Ohio) plant scientist, Brother Donald Geiger, its
secret to better living in times of drought. Ripley will yield
more under water stress than Pixie. The Pixie flowers about
10 days before the Ripley. Photosynthesis is a process in
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which green plants use energy absorbed from sunlight to
convert water and carbon dioxide into carbon-based sugars,
fats and proteins, the plants’ foodstuff. Drought conditions
can stymie the process by taking carbon dioxide out of the
equation. The Ripley plant tolerates drought stress through
its ability to store carbon-based foodstuff. Address: staff
writer.
2590. Nelson, Randall L.; Amdor, P.J.; Orf, J.H.; Cavins,
J.F. 1988. Evaluation of the USDA soybean germplasm
collection: Maturity groups 000 to IV (PI 427.136 to PI
445.845). USDA Technical Bulletin No. 1726. 185 p. Aug.
• Summary: “This publication contains data on the origin,
descriptive characteristics, agronomic performance, and
seed composition of over 1,800 accessions from the USDA
Soybean Germplasm Collection in maturity groups 000 to
IV. These accessions were introduced into the United States
from 1978 to 1980. Selected publicly released cultivars from
the United States and Canada were also tested. A maximum
of 35 categories of data is presented for each entry. These
accessions were evaluated in five tests based on maturity,
with each maturity group grown in a latitude to which it was
adapted.”
Note: This report consists mostly (about 98%) of fullpage tables. The rest is definitions and explanations of
abbreviations. Address: 1. Research geneticist, USDA-ARS,
and Asst. Prof., Dep. of Agronomy, Univ. of Illinois, Urbana.
2591. Neuhausen, S.L.; Graham, P.H.; Orf, J.H. 1988.
Genetic variation for dinitrogen fixation in soybean of
maturity group 00 and 0. Crop Science 28(5):769-772. Sept/
Oct. [21 ref]
• Summary: “Because soybeans... are generally assumed to
be active in N, fixation, their genetic variation in this trait has
not been studied to the extent found in other crop legumes.”
“There was sufficient genetic variation to suggest
that breeding for improved N2 fixation is feasible in both
maturity groups.” Address: 1&3. Dep. of Agronomy and
Plant Genetics, 439 Borlaug Hall, Univ. of Minnesota, St.
Paul, MN 55108.
2592. Bernard, Richard L.; Juvik, Gail A.; Hartwig, Edgar
E.; Edwards, Calton J., Jr. 1988. Origins and pedigrees of
public soybean varieties in the United States and Canada.
USDA Technical Bulletin No. 1746. 68 p. Oct. [20 ref]
• Summary: Contents: Old domestic varieties. Modern
domestic varieties from public institutions. Germplasm
resources information network. Tables: 1. Number of
U.S. and Canadian soybean varieties by maturity group.
2. Number of U.S. and Canadian soybean varieties by
country of origin. 3. Origins and pedigrees of old domestic
soybean varieties. 4. Lost old domestic soybean varieties. 5.
Literature on old domestic soybean varieties in chronological
order. 6. Origins and pedigrees of modern domestic soybean

varieties from public institutions. 7. Genetic information
on backcross-derived public soybean varieties. 8. Genetic
information on backcross-derived soybean parental lines.
9. Public soybean variety registrations and licenses. 10.
Corrections to published pedigree information.
Abstract: “In this report are described the origins of the
440 U.S. and Canadian soybean varieties that are maintained
in the USDA Germplasm Collection at Urbana, Illinois, and
Stoneville, Mississippi. Varieties in commercial use before
the mid-1940’s were mostly introductions, and this report
includes for each the geographic place of origin, the person
or institution that provided the seeds, the foreign variety
name (if any), as well as information about when it was
released and who released it in the United States or Canada.
Modern varieties have been developed by hybridization and
selection. In this bulletin, the pedigree is specified and where
and when each variety was developed and released. This
information allows researchers and breeders to trace modern
soybean varieties back to their introduced ancestors and
facilitates breeding plans and evaluation of the germplasm
base of the current commercial soybean crop.”
Table 4, titled “Lost old domestic varieties,” lists the
source of each: Acme–PI 14.954 from Shanghai, China, in
1905. Akasoya–From Japan via Indiana. Allison Black–D.T.
Allison, Tennessee. Amherst–PI 4.913 (PI 17.275) from
Japan in 1900. Arikara–O. Will Company, North Dakota.
Arkan–PI 87.050 from Niummen, Keisho Nando, Korea, in
1930. Arksoy 2913–Arkansas Experiment Station, Marianna
(similar to ‘Arksoy’). Auburn–PI 21.079A from Tieling,
Manchuria, China, in 1907. Baird–PI 6.414 (PI 22.333) from
Pyongyang [P’yongyang], Korea, in 1901. Biltan–Selection
from ‘Otootan’, South Africa.
Brindle–PI 20.407 from Merkoechofka, Siberia, in
1906. Brooks–PI 16.789 from Hangchow, China, in 1905.
Brownie–PI 6.414 (PI 17.256) from Pyongyang, Korea, in
1901. Buckshot–PI 6.334 (PI 17.251) from Tokyo, Japan, in
1901. Burnette–From Farmville, North Carolina. Butterball–
PI 8.433 (PI 17.273) from Japan in 1902, via Rhode Island
AES [Agricultural Experiment Station] in 1903. Chame–PI
80.473 from Tokyo, Japan, in 1929. Chang–PI 54.610-2 from
Changchun, Kirin, China, in 1921. Chernie–PI 18.227 from
Khabarovsk, Siberia, in 1906. Chinaton Echo–From Harrow,
Ontario, Canada.
Chiquita–PI 27.707 from Hankow, China, in 1910.
Chuku–La Choy Company, Ohio. Cibao–From El Salvador.
Delnoshat–Delta Station selection 6679, Mississippi.
Delredo–From Mississippi. DeSoto–Ohio farmer. Dortchsoy
No. 2–Dortch Seed Company, Arkansas (selected from
‘Ogden’, similar to ‘Ogden’). Dortchsoy No. 6–Dortch Seed
Company, Arkansas. Dortchsoy No. 7–Dortch See Company,
Arkansas. Doxie–Georgia Experiment Station.
Duggar–PI 17.268C, a selection from ‘Ito San.’ Early
Brown–PI 25.130 and PI 25.161 from Tennessee AES and
Indiana AES in 1909. Eda–PI 17.257 from Japan in 1890.
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Edgecombe–R.P. Cocke, Williamsburg, Virginia. Edna–PI
6.312 (PI 17.252C) from Tokyo, Japan, in 1901. Edward–PI
14.953 from Shanghai, China, in 1905. Fairchild–PI 19.184
from Newchwang, Manchuria, China, in 1906. Farnham–
PI 22.312 from Shanghai, China, in 1908. Feed All–A.M.
Johnson, North Carolina. Flat King–PI 6.312 (PI 17.252)
from Tokyo, Japan, in 1901.
Flava–PI 16.789A from Hangchow, China, in 1905.
Gala–Georgia Experiment Station. Gem–P.B. Hutchins,
Missouri. George Washington–From Virginia. Giant Yellow–
PI 22.415 from Naples, Italy, in 1908. Golden–Harrow
Experiment Station, Ontario, Canada. Goshen Prolific–
Farmer selection, North Carolina. Hamilton–From USDA
number 23 by Ohio Experiment Station in 1909. Hankow–PI
6.559 from beyond Chiu Niu, China, in 1901. Hansen–PI
20.409 from Merkoechofka, Siberia, in 1906.
Hay Boy–Farmer selection, North Carolina. Herman–
From North Carolina. Hiro–PI 86.038 from Obihiro,
Hokkaido, Japan, in 1930. Hope–PI 6.335 (PI 17.267) from
Tokyo, Japan, in 1901. Ignotum–E.E. Evans, Michigan.
Italian–Canada Experiment Station. Ito San–PI 17.268
from Japan in 1890. Jet–PI 17.861 from Sachon, China, in
1906. Johnsoy–A.E. Johnson, North Carolina. Kentucky A–
Kentucky Experiment Station selection.
Kia–Illinois Experiment Station selection. Kungchuling–
From Manchuria, China. Looney No. 2–Farmer selection,
Tennessee. Lowrie–PI 22.898A from Paotingfu, Chihli,
China, in 1908. Loxitan–Delta Experiment Station selection,
Mississippi. Ludeke–Farmer selection, North Carolina. LZ–
Louisiana Experiment Station selection. Mammoth Brown–
Unknown. Manhattan–PI 6.333 (PI 17.277) from Tokyo,
Japan, in 1901. Matthews–Farmer selection, Georgia.
Merko–PI 20.412 from Merkoechofka, Siberia, in 1906.
Meyer–PI 17.852 from Peking, China, in 1906. Midunk–
Funk Brothers Seed Company, Illinois. Mikado–Farmer
selection, Indiana. Misstucky–Farmer selection, Kentucky.
Morgan–PI 22.633 from Sheklung, Kwongtung [Kwangtung
/ Guangdong], China, in 1908. Mount Carmel–PI 70.218-2
from Wuchiatzu, Manchuria, China, in 1926. Mukden No. 4–
Wisconsin Experiment Station selection. Nanking–PI 71.597
from Nanking, China, in 1927 (see CNS, p. 6). Nanksoy–PI
104.881 from Nanking, China, in 1934.
Nansemond Early–Farmer selection, Virginia. Natsu–PI
19.984 from Yokohama, Japan, in 1907. Nemo–PI 19.985
from Yokohama, Japan, in 1907. Nielsen–PI 22.644B from
Hangchow, Chekiang, China, in 1908. Nigra–PI 22.407 from
Hong Kong, China, in 1908. Nuttall–PI 6.416 (PI 17.253)
from Pyongyang, Korea, in 1901. Okute–PI 19.986 from
Yokohama, Japan, in 1907. Oloxi–Coker’s Seed Company,
South Carolina. Otoxi–From South Africa. Ozark–PI 37.272
from Kogen Province, Korea, in 1914.
Pee Dee–Coker’s Seed Company, South Carolina.
Pingsu–PI 18.259 from Tschang-ping-tsu, China, in 1906.
Preston–Virginia Experiment Station selection. Quillian–

Farmer selection, Oklahoma. Rattlesnake–Kentucky
Experiment Station selection. Riceland–PI 20.797 from
Shanghai, China, in 1907. Rila–Marsh Foundation,
Ohio. Sainte Anne–Canada Experiment Station selection.
Samarow–PI 17.260 from J.M. Thorburn and Company in
1902. Saskatoon–Farmer selection, Canada.
Sedo–PI 23.229 from Tientsin, Chihli, China, in
1908. Sherwood–PI 17.862 from Tientsin, China, in 1906.
Southern Green–PI 62.839 from Nanking, China, in 1925.
Southern Prolific–PI 37.250 from Keiki Province, Korea, in
1914. Stuart–PI 22.644 from Hangchow, Chekiang, China,
in 1908. Summerland–Canada Experiment Station selection
[British Columbia]. Suru–PI 89.128 from Kyojo, Korea, in
1930. Swan–PI 22.379 from Canton, Kwangtung, China,
in 1908. Taha–PI 21.999 from Boshan, Shantung, China, in
1907. Tanloxi–Delta Station selection 483, Mississippi.
Tashing–PI 20.854 from Harbin, Manchuria, China,
in 1907. Tensas–PI 104.881 from Nanking, China, in
1934 (same as Nanksoy). Texoil–Farmer selection, Texas.
Tinzan–From Australia. Trenton–PI 24.610, a selection
from ‘Mammoth (Yellow)’ in Kentucky in 1904. Trinitaria–
From El Salvador. U.S.-5–PI 54.563-5 from Jungchiangko,
Shengking [Liaoning], China, in 1921. Vilnensis–From
Poland. Vireo–PI 22.874 from Tokyo, Japan, in 1908. White
Eyebrow–PI 30.745 from Wulukai, Kirin, China, in 1911.
Yellow Biloxi–North Carolina Experiment Station
selection. Yokotenn–PI 19.981 from Yokohama, Japan, in
1907. Yosho–PI 6.314 (PI 17.262) from Tokyo, Japan, in
1901.
Talk with Dr. Richard Bernard. 1998. July 12. He
considers this to be his best publication on this subject, but
it is quite similar to INTSOY Series No. 30 titled “USDA
soybean germplasm collection inventory. Vol. 1,” published
in August 1987. Address: 1-2. Urbana, Illinois; 3-4.
Stoneville, Mississippi.
2593. Bernard, Richard L.; Juvik, Gail A.; Hartwig, Edgar
E.; Edwards, Calton J., Jr. 1988. 1988. Origins and pedigrees
of public soybean varieties in the United States and Canada:
Table 6–Origins and pedigrees of modern domestic soybean
varieties from public institutions (Document part). USDA
Technical Bulletin No. 1746. 68 p. Oct. See p. 32-59.
• Summary: For each variety, the following information
is given in tabular form: Variety name, maturity group,
pedigree, prior designation, year licensed or released,
developer. The varieties, listed alphabetically, are: Acme
(Canada), Ada, Adams, Adelphia, Alamo, Altona (Canada),
Amcor, Amsoy, Amsoy 71, Anoka, Bay, Bedford, Beeson,
Beeson 80, Bethel, Bicentennial (Canada), Bienville,
Blackhawk, Bonus, Bossier, Bradley, Bragg, Braxton, BSR
101, BSR 201, BSR 301, BSR 302, Calland, Cartter, Celest,
Centennial, Century, Century 84, Chamberlain, Chico,
Chippewa, Chippewa 64, Clark, Clark 63, Clay, CN210,
CN290, Cobb, Coles, Columbus, Comet (Canada), Corsoy,
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Corsoy 79, Crawford, Crest (Canada), Cumberland, Curtis,
Custer, Cutler, Cutler 71, Dare, Dassel, Davis, Dawson,
Delmar, DeSoto, Disoy, Dorman, Douglas, Dowling, Dunn,
Duocrop, Dyer, Egyptian, Elf, Elgin, Emerald, Epps, Essex,
Evans *, Fayette, Ford, Forrest, Foster, Franklin, Fremont,
Gail, GaSoy 17, Gnome, Gnome 85, Gordon, Govan,
Grande, Grant, Gregg, Hack, Harcor (Canada), Hardee,
Hardin, Hardome (Canada), Hark, Harlon (Canada), Harly
(Canada), Harosoy (Canada), Harosoy 63 (Illinois, USA),
Harper, Harwood (Canada), Hawkeye, Hawkeye 63, Henry,
Hill, Hobbit, Hodgson, Hodgson 78, Hood, Hood 75, Hoyt,
Hutton, Jackson, James, Jeff, Johnston, Jupiter, Jupiter-R,
Kahala, Kaikoo, Kailua, Kanrich, Keller, Kent, Kershaw,
Kim, Kino, Kirby, Lakota, Lawrence, Lee, Lee 68, Lee 74,
Leflore, Lindarin, Lindarin 63, Logan, Mack, Madison,
Magna, Maple Amber (Canada), Maple Arrow (Canada),
Maple Donovan (Canada), Maple Isle (Canada), Maple
Presto (Canada), Maple Ridge (Canada), Marion, McCall,
Mead, Merit (Canada), Miami, Miles, Mokapu Summer,
Monroe, Morgan, Morsoy (Canada), Narow, Nathan, Nebsoy,
Norchief, Norman, OAC Aries (Canada), OAC Libra
(Canada), OAC Pisces (Canada), OAC Scorpio (Canada),
Oakland, Oksoy, Ozzie, Pella, Pella 86, Perry, Pershing,
Pickett, Pickett 71, Pixie, Platte, Pomona, Portage (Canada),
Preston, Prize, Protana, Provar, Pyramid, Rampage, Ransom,
Regal, Renville, Rillito, Ripley, Ross, Scott, Semmes,
Shelby, Sherman, Shore, Sibley, Simpson, Sloan, Sohoma,
Sparks, Sprite, Stafford, Steele, Swift, TN 4-86, TN 5-85,
Toano, Tracy, Tracy-M, Traverse, Union, Vance, Vansoy
(Canada), Verde, Vickery, Vinton, Vinton 81, Wabash, Ware,
Wayne, Weber, Weber 84, Wells, Wells II, Wilkin, Will,
Williams, Williams 79, Williams 82, Winchester, Wirth,
Woodworth, Wright, Wye, York, Young, Zane.
* Concerning Evans: Maturity Group: 0. Pedigree:
Merit x Harosoy. Prior designation: M61.96. Year licensed
or released: 1974. Developer: Minnesota AES and USDA.
Address: 1-2. Urbana, Illinois; 3-4. Stoneville, Mississippi.
2594. Hartwig, E.E.; Hinson, K.; Scott, A. 1988. Registration
of ‘Padre’ soybean. Crop Science 28(6):1025. Nov/Dec.
• Summary: “Padre was developed specifically for the
lower Rio Grande Valley. It is basically a Forrest (2) type
having the unique character of delayed flowering under
short-day conditions similar to D77-12480 (1). Padre would
be classified as Maturity Group VII when planted during
May at Stoneville, MS (33º 20’ lat.), but growth in the
lower Rio Grande Valley (26-27º lat.) is similar to that of
Maturity Group IX cultivars. Reniform nematode resistance
is considered important to avoid a population increase when
soybean precedes cotton or vegetable crops. Padre has a
determinate growth type, white flowers, tawny pubescence,
tan pod walls and yellow seeds with black hila.” Address:
Stoneville, Mississippi.

2595. SoyaScan Notes. 1988. Effect of the 1988 drought on
U.S. soybean production (Overview). Dec. 26. Compiled by
William Shurtleff of Soyfoods Center.
• Summary: The 1988 drought, the worst in America in
over 50 years, reduced U.S. soybean production by about
22% compared with the previous year. The drought not only
lowered soybean yields (to about 27 bu/acre), it also lowered
soybean quality. Drought-damaged soybeans were often
shriveled or wrinkled, and had a higher level of free fatty
acids (resulting in increased processing losses and expense).
Some were moldy. This led, in some cases, to reduced
prices. A Drought Relief Act was passed in this election year,
leading to drought disaster payments to seriously affected
farmers. The leading soybean producing states for 1988-89
are expected to be Iowa (235.5 million bu), Illinois (234.9),
Indiana (117.6), Minnesota (117.5), and Ohio (103.6). The
1988 U.S. soybean crop was the smallest one in 22 years,
and the tightest carryover supply as a percentage of usiage
since the fall of 1973. Yet prices have not risen as expected
in these circumstances, in part because Brazil and Argentina
have been holding back some of their 1988 crop to sell.
Soybean ending stocks in 1986/87 were 463 million bushels.
This figure dropped to 280 million in 1987/88, and is
expected to fall to 100 million in 1988/89.
There is a growing consensus among scientists that one
cause of the drought is the “greenhouse effect,” in which heat
from the sun is prevented from radiating back into space by
a blanket of artificial gases. The chief gas is carbon dioxide,
resulting from the burning of fossil fuels (mostly coal and
oil) by autos and industry, and the burning of the world’s
forests.
2596. Heatherly, L.G. 1988. Planting date, row spacing, and
irrigation effects on soybean grown on clay soil. Agronomy
Journal 80:227-31. *
2597. Tiwari, S.P.; Bhatnagar, P.S. 1988. Pod shattering of
soybean in India. J. of Oilseeds Research (India) 5:92-93.
• Summary: “Extent of yield loss due to pod shattering in
soybean ranges from negligible to as high as 90% depending
on time of harvesting, environmental conditions, and genetic
endowment of the variety.”
During the rainy season of 1987, twenty five soybean
varieties were grown at Indore using a randomised block
design. The varieties were grouped into 5 categories ranging
from (1) = No pod shattering, i.e., shattering resistant, to
(5) = Greater than 75% pod shattering, i.e., very highly
shattering, which is very undesirable when the soybeans are
harvested as dry beans.
Of the 24 varieties (see Table 1), only two (Bragg and
Himso 1520) were found to be resistant. Eight other varieties
were in category (2), shattering tolerant, and five varieties
were in category (5), very highly shattering (JS-2, Lee, Co-1,
Punjab-1, and Kalitur). Address: National Research Centre
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for Soybean, Khandawa Rd., Indore 452 001 (M.P.), India.
2598. Montero R., Rafael A.; Mata M., Eduardo J. 1988.
La soya: Guia para sul cultivo y consumo en Costa Rica
[The soybean: A guide for its cultivation and consumption
in Costa Rica]. San Jose, Costa Rica: Editorial de la
Universidad de Costa Rica. 112 p. Illust. 21 cm. [11 ref. Spa]
• Summary: Contains 23 tables and 8 figures plus some
color photos. Contents: Introduction. The plant. Climate.
Photoperiod. The variety. The soil. Preparation of the land.
Times of planting. Inoculation. Fertilization and nutrition.
The analysis of the soil. Visual symptoms of mineral
deficiencies. Density of planting seeds. Considerations
concerning planting more or less seeds. Diseases. Soybean
diseases common in Costa Rica. Weed control. Calibration
of sprinklers. Control of insects. Management of the harvest.
Mechanical harvesting of soybeans. Aspects which must
be considered for a good harvest of the crop. Economic
considerations. Feeding and nutrition based on soy: The
soybean compared with other protein sources, percentage
of protein in various protein sources, diagram showing the
many products derived from soya. Preparation of meals with
soya: preparation of basic soyfoods at home (preparation of
whole soybeans, preparation of soymilk, preparation of soy
flour, vegetable stew with soybeans, salad, Oriental minced
meat, rice with soybeans, spaghetti in white sauce with
soybeans, soybeans in escabeche, cream of soybeans and
greens, oil roasted soynuts, soy pudding, homemade tofu,
mixed bread with soya flour, quick bread with soy flour).
Table of conversion: Measures, weights & equivalents.
Tables show: (1) Description of the vegetative and
reproductive states of the soybean plant (Source: Fehr
& Caviness 1977). (2) Origin and characteristics of the
varieties Jupiter, SIATSA 194-A, and IAC-8. (3) Dates
recommended for the harvest of soybeans in Costa Rica.
(4) Extraction of nutrients from each 1000 kg of yield of
soybean seeds. (5) General reference values for interpreting
the analytical results of the laboratory of soils of the Ministry
of Agriculture and Livestock, Costa Rica.
(6) Critical foliar levels of nutrients at the end of
flowering (Niveles críticos foliares de nutrimentos). (7)
Summary of generalizations about the essential nutrients
for the soybean. (8) Summary of the principal soybean
diseases in Costa Rica. (9) Recommended herbicides in
the cultivation of the soybean and the different doses for
different soil textures in pre-emergent herbicide application.
(10) Primary weeds that infect soybean fields and effective
herbicides for weed control. (11) Mix of pre-emergent
herbicides (herbicidas preemergentes) for the control of
weeds in soybean cultivation. (12) Recommended nozzletype for weed control. (13) Levels of economic damage
of the soybean from various soybean enemies in Costa
Rica. (14) Chemicals used for the control of insects in the
cultivation of the soybean.

(15) Marketing volume, consumption and grain reserve
for soybean cake / meal (torta) and soybean oil in the United
States and the world in the years 1984-1986. (16) Cultivated
area, average yield and price of the soybean in Costa Rica
during the period 1979-1987. (17) Monthly price of grain
(grano), oil and meal (torta) protein in dollars FOB Chicago,
Illinois, United States, from 1987 and the months January to
May of 1988. (18) Price of a metric ton of yellow soybeans
(soya amarilla) in Caldera, Costa Rica. (19) Projection of
the apparent demand of cakes (tortas) and oleaginous flours
(harinas oleaginosas) 1984-1989.
(20) Budget for the production of soybeans in Costa
Rica, harvest of 1988. (21) Total cost of soybean production,
harvest of 1988. (22) Chemical composition of soybean milk,
breast milk, and cow milk. (23) Essential amino acid content
in soybean milk and cow’s milk.
Figures show: (1) Description of the principal parts of
the soybean plant. (2) Needs of the soybean (variety Jupiter)
for the various stages of growth. (3) Parts of different
types of nozzles for the application of agrochemicals. (4)
Various degrees of defoliation of the soybean estimated as
percentages of foliar tissue loss. (5) Method for measuring
the level of insects infesting soybeans. (6) Principal insects
in the cultivation of soybeans. (7) Location of sampled areas
concerning loss in the mechanical harvesting of soybeans.
(8) Utilization of soybeans (derived from soy flour, soybean
cake or meal, isolated soy protein, soy sprouts, whole dry
soybeans, tofu, infant formulas, soy sauce, refined soy oil,
lecithin). Address: Costa Rica.
2599. National Research Centre for Soybean. 1988. National
Research Centre for Soybean: A brief report. NRCS (Indian
Council for Agricultural Research), Khandawa Rd., Indore
452 001, India. 6 p. 17 x 21 cm.
• Summary: “To narrow the gap between production and
demand of oilseeds in the country, importance of soybean
has been unequivocally realized. To provide a sound research
base for long range success of soybean in India, the National
Research Centre for Soybean was established in 1987 at
Indore in the soybean state, Madhya Pradesh. The centre will
fulfill the need of centralized research to support productionsystems investigations with basic technologies and
breeding material.” Discusses the center’s objectives, main
programs (varietal development, production physiology,
soil microbiology, germplasm collection), ten achievements
during 1987-88, physical facilities (the center is located
on a 140-acre farm at Indore), and staff (total 55). Outlay
provided by the planning commission is 20.0 million rupees.
Financial sanction: 19.7 million rupees. Address: Indore,
India.
2600. McClure, Bruce A.; Guilfoyle, Tom. 1989. Rapid
redistribution of auxin-regulated RNAs during gravitropism.
Science 243(4887):91-93. Jan. 6. [15 ref]
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• Summary: Gravitropism is the bending of plants in
response to gravity. It is caused by differential growth rates
on opposite sides of the plant. The aerial portions grow
up and the roots grow down. Auxin, a plant hormones,
is believed by some to play a major role in gravitropism
by controlling the rate of cell extension. When soybean
seedlings were vertically oriented, auxin-regulated RNAs
were symmetrically distributed in the elongation region of
the hypocotyl (the part of the seedling below the cotyledons,
i.e. the sprout). In horizontally oriented seedlings, the
distribution became asymmetrical within 20 minutes and
the greatest asymmetry coincided with the onset of rapid
bending. “The results provide a clear correlation between
the dynamic expression of genes under auxin control and
a morphogenetic phenomenon traditionally known as an
auxin response.” Address: Dep. of Biochemistry, Univ. of
Missouri-Columbia, Columbia, Missouri 65211. McClure’s
present address: Plant Cell Biology Research Center, Univ.
of Melbourne, School of Botany, Parkville, Victoria 3052,
Australia.
2601. Theses on soybeans and soyfoods: Dissertation
Abstracts (Database search report). 1989. 234 p. Jan. 20. 28
cm. Unpublished manuscript. [1106 ref]
• Summary: The Dissertation Abstracts database contains
virtually every American PhD dissertation accepted at an
accredited institution since 1861. A search yielded 1,106
theses on soybeans and soyfoods not including records with
the terms pathogen*, Disease*, weeds, or insect* in the title
or abstract. * = truncated term.
It contained the following number of theses on soyfoods:
Soymilk 9-14, tofu 6, tempeh 6, miso 4, soy sauce 3, and
natto 2.
The most valuable records for us are in the subject
categories Food Science & Technology; Health Sciences,
Nutrition; and Economics, Agricultural. Other subject
categories include: Agriculture (Agronomy, Animal Culture
& Nutrition, General, Plant Culture, Plant Physiology);
Biochemistry; Botany; Chemistry (Agricultural and
Biological, Analytical); Engineering, Chemical; Entomology.
A count of the records in which we were interested
by state where the thesis was written shows the following:
Illinois 128, Iowa 68, Indiana 37, New York 30, Missouri 28,
Michigan 26, Minnesota 25, and Ohio 17.
2602. Gremaud, Maureen F.; Harper, James E. 1989.
Selection and initial characterization of partially nitrate
tolerant nodulation mutants of soybean. Plant Physiology
89(1):169-73. Jan. [17 ref]
• Summary: “Since N03- availability in the rooting medium
seriously limits symbiotic N2 fixation by soybean..., studies
were initiated to select nodulation mutants which were more
tolerant to N03- and were adapted to the Midwest area of the
United States. Three independent mutants were selected in

the M2 generation from ethyl methanesulfonate or N-nitrosoN-methylurea mutagenized Williams seed.” Address: 1.
Dep. of Agronomy; 2. USDA, ARS. Both: Univ. of Illinois,
Urbana, Illinois 61801.
2603. Backman, P.A.; Mack, T.P.; Rodriguez-Kabana,
R.; Herbert, D.A. 1989. A computerized integrated pest
management model (AUSIMM) for soybeans grown in the
southeastern United States. In: A.J. Pascale, ed. 1989. World
Soybean Research Conference IV. Buenos Aires: Continuing
Committee. xxviii + 2152 p. See p. 1494-99. [19 ref]
• Summary: AUSIMM, which stands for the Auburn
University Soybean Integrated Management Model, is an
insect, disease, and nematode management system that
also assists farmers in variety selection based on maturity
group, relative productivity, and sensitivity to nematodes and
diseases. It is a menu-driven program written for IBM-PC
and compatibles with at least 512K RAM and one floppy
disk drive. “AUSIMM was tested throughout Alabama
in 1986 and 1987 with 36 field experiments. The model
improved grower net profits and decreased risks over local
practices in about 70% of all tests. Profit increases were
primarily due to reduced pesticide applications and the use
of resistant cultivars.” Address: Dep. of Plant Pathology
and Dep. of Entomology (2nd author), Alabama Agric. Exp.
Station, Auburn Univ., AL 36830.
2604. Pascale, A.J. ed. 1989. IV Conferencia Mundial de
Investigacion en Soja: Actas [World Soybean Research
Conference IV: Proceedings. 4 vols.]. Buenos Aires,
Argentina: Continuing Committee and Asociacion Argentina
de la Soja. xxviii + 2152 p. 4 volumes. Held 5-9 March 1989
at Buenos Aires, Brazil. Author index. 23 cm. [Spa]
• Summary: These volumes, published in February
1989, shortly before the Conference and presented to the
participants upon registration, contain the following major
divisions: Vol. I. Table of contents of all 4 volumes. Author
index. 1. Plenary papers (p. 1-58). 2. Crop management and
production (p. 59-550): Ecology, physiology, rhizobiology.
Vol. II. Crop management and production (continued,
p. 551-881): Cropping, seed production. 3. Genetics and
breeding (p. 883-1117): Genetic resources and breeding for
yield, breeding for physiological traits and crop adaptation,
breeding for product and seed quality.
Vol. III. 3. Genetics and breeding (continued, p. 11191268): Breeding for specific objectives. Biotechnology.
4. Vegetal protection (p. 1269-1605): Phytopathology,
nematology, entomology.
Vol. IV. 4. Vegetal protection (continued, p. 1607-1694):
Weeds. 5. Symposium on the Diaporthe/Phomopsis disease
complex of soybean (p. 1695-1724). 6. Industrialization
and uses (p. 1725-1878). 7. Economy [Economics] and
marketing (p. 1879-1937). 7. Papers not included in their
corresponding areas (p. 1939-2151). Address: Buenos Aires,
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Argentina.
2605. Salado-Navarro, L.R. 1989. The soybean breeding
program of INTA in Argentina. In: A.J. Pascale, ed. 1989.
World Soybean Research Conference IV. Buenos Aires:
Continuing Committee. xxviii + 2152 p. See p. 901-08. [27
ref]
• Summary: “The rapid evolution of the soybean breeding
program of Instituto Nacional de Tecnologia Agropecuaria
(INTA), from its beginning in 1977 up to 1989 is outlined.
The research and cultivar development efforts directed
mainly to higher seed yield are discussed in detail. Currently,
the program is centered at Marcos Juarez Exp. Station
located in the Northern Pampean Soybean Region (NPSR)
which produces about 90% of the crop in Argentina.
Maturity Group (MG) V, VI and VII cultivars are developed
there. Two subcenters: the Northern for MG VII to IX, the
Southern for MG II to IV, and a yield testing network in 35
locations are actively working. Soybeans have few severe
pests and often times yield 3000 to 3500 kg/ha in the NPSR.
Higher yield is approached independently of pests resistance
objectives to maximize genetic gain. The primary objective,
higher seed yield, is divided into breeding for higher yielding
environments and for lower yielding double-cropped soybean
after wheat. For the later, the semideterminate, indeterminate
and juvenal traits are being introduced in an effort to increase
plant biomass which may limit crop productivity. The single
seed descend method is used to obtain rapidly F5 lines. In
1988, 7200 F5 lines were yield tested using a grid design
at Marcos Juarez. Innovative research to rank soybean
populations according to their potential to produce higher
yielding genotypes is underway. Resistances to pests such as
Sclerotinia sclerotiorum, root knot nematodes, stink bugs and
other insects are being sought. Recently initiated and future
research topics are outlined.”
The initial work with soybean breeding in Argentina was
conducted at the Marcos Juarez Exp. Station in Cordoba.
“The Soybean Crop in Argentina: The establishment
of soybean as an important crop in Argentina and its rapid
expansion in the early 1970’s has been based mainly on
the good adaptation and productivity exhibited by cultivars
brought from U.S.A. During the period from 1970 to 1977,
many cultivars were introduced, tested, and the best adapted
became widely sown in different regions of the country.
These plant introductions came mainly from U.S.A. and
to a lesser extent from Brazil. As a result, three American
cultivars: Forrest, Hood, and Bragg were the most widely
grown ones. In 1989, that tendency still prevails to some
extent. This is specially true with Hood and its variant
Hood 75 which still today is the single most widely grown
cultivar in Argentina. In recent years however, some highly
productive cultivars from two private seed companies have
taken an important share of the seed market.” Address:
INTA-EEA Marcos Juarez, Cordoba, Argentina.

2606. Xu, Bao; Pan, Tiefu. 1989. Ecotypes and
regionalization of wild and cultivated soybean (G. soja
and G. max) in China. In: A.J. Pascale, ed. 1989. World
Soybean Research Conference IV. Buenos Aires: Continuing
Committee. xxviii + 2152 p. See p. 59-65. [14 ref. Eng]
• Summary: Contents: Abstract. Ecotypes and geographical
distribution of wild soybean: Distribution, photo-thermo
ecotypes and their geographical distribution, acreage and
distribution, cropping system and soybean production,
analysis of photo-thermo ecotypes. Regionalization of
cultivated soybean in China. Conclusion. “There were about
5,000 accessions of wild soybean (G. soja) and 9,000 ones
of cultivated soybean (G. max) in China. They distributed
roughly at 24-53ºN, 97-135ºE and 18-52ºN, 75-135ºE
regions respectively...
“In China, wild soybean distributes widely throughout
the temperate (mainly) and subtropical climate zone. Some
criteria of adaptation are as follows: annual cumulative
temperature (>10ºC) 1700-6900 C, annual precipitation
300-1600 mm, and day-length of summer solstice 13.6-16.9
hours.” Address: Jilin Academy of Agricultural Sciences,
Gongzhuling, Jilin province, China.
2607. Xu, Bao. 1989. A decade of wild soybean (G.
soja) research in China. In: A.J. Pascale, ed. 1989. World
Soybean Research Conference IV. Buenos Aires: Continuing
Committee. xxviii + 2152 p. See p. 104-11. [63 ref]
• Summary: Discusses: Distribution and growing
environment. Morpho-ecological characteristics. Chemical
composition of seeds. Cytological and genetical research.
Physiological and biochemical characteristics. Disease and
insect resistance. Problems concerning the origin, evolution
and taxonomy of soybean. Highlights for future endeavor.
“Despite the great potential, wild soybean has not been used
in soybean improvement as much as it could.” Address:
Soybean Inst., Jilin Academy of Agricultural Sciences,
Gongzhuling, Jilin province, China.
2608. Zhuang, Bingchang; Xu, Bao; Lu, Qinhua. 1989.
Effect of day and night temperature on development of wild,
semi-wild and cultivated soybean in China. In: A.J. Pascale,
ed. 1989. World Soybean Research Conference IV. Buenos
Aires: Continuing Committee. xxviii + 2152 p. See p. 41721. [8 ref]
• Summary: The wild soybean was more sensitive to day and
night temperatures than was the semi-wild soybean or the
cultivated soybean. Address: Soybean Inst., Jilin Academy of
Agricultural Sciences, Gongzhuling, Jilin province, China.
2609. Dornbos, D.L., Jr.; Mullen, R.E.; Shibles, R.M. 1989.
Drought stress effects during seed fill on soybean seed
germination and vigor. Crop Science 29(2):476-80. March/
April. [18 ref]
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• Summary: “Drought reduced standard germination
percentage and seedling axis dry weight 5 and 12%,
respectively and increased single-seed conductivity 19%.
Seed quality loss was correlated with reduced single-seed
mass. Severe drought that occurred throughout seed fill
reduced yield and seed number at a faster rate than seed
mass, germination, or vigor, and maintained the development
of at least some viable and vigorous seeds.” Address: 1.
USDA-ARS, Northern Regional Research Center, 1815 N.
University St., Peoria, Illinois 61604.
2610. AUSIMM–Auburn University Soybean Integrated
Management Model (Microcomputer software program).
1989. Dep. of Entomology, 301 Funchess Hall, Auburn
University, Auburn, AL 36849-5413. April. *
• Summary: AUSIMM is a model that predicts the
profitability of soybean management practices. It begins
with a file that ranks approximately 120 varieties according
to maturity group, relative productivity, and susceptibility to
nematodes and diseases. Potential yields of optimal varieties
are calculated given the location, soil type, planting date,
rotation, and pest histories of the field... The effectiveness
of any practice is compared to its cost. Address: Auburn,
Alabama. Phone: 205-826-5006 or 221-5006.
2611. Anoshenko, B. Yu.; Davydenko, O.G.; Goloenko, D.V.;
Sinyavskaya, M.G.; Ustinovich, Ya. A. 1989. Nasledovanie
perioda vegetatsii u soi v usloviyakh Belorussii [Vegetative
period of soybeans in Byelorussia]. In: Chastnaya Genetika
Rastenij: Tezisy Dokladov Konferentsii (23-25 Maya 1989).
Kiev. See vol. 1, p. 11-12. [Rus]
Address: Soybean Breeder, National Academy of Sciences
of Belarus, Inst. of Genetics and Cytology (Institut genetiki i
tsitilogii), Zhodinskaya str. 14, 220023 Minsk, Byelorussian
SSR.
2612. Bhardwaj, H.L.; Bhagsari, A.S. 1989. Harvest index,
yield, and physiological characteristics of soybean as related
to seed size. Soybean Genetics Newsletter 16:133-36. May.
[4 ref]
• Summary: “Harvest index (HI) influences economic yield
more than any other yield determining plant trait. Donald and
Hamblin (1976) have reviewed the history of the concept of
harvest index and also the relationship of biological yield and
HI and concluded that HI may be used as a criterion for the
evaluation of cereal crops. Significant correlations have been
observed between HI and yield of field crops (Schapaugh
and Wilcox, 1980; Singh and Stoskopf, 1971). The objective
of this study was to evaluate soybean germplasm differing
in seed size for harvest index, yield, leaf area index, and
phytomass.” Address: Agricultural Research Station, Fort
Valley State Univ., Fort Valley, Georgia 31030.
2613. Juvik, Gail A.; Bernard, R.L.; Orf, J.H.; Cavins,

J.F.; Thomas, D.I. 1989. Evaluation of the USDA soybean
germplasm collection: Maturity groups 000 to IV (PI
446.893 to PI 486.355). USDA Technical Bulletin No. 1760.
57 p. May.
• Summary: “This report contains data on the origin,
descriptive characteristics, agronomic performance, and
seed composition for over 500 soybean (Glycine max (L.)
Merr.) accessions in maturity groups 000 to IV from the
USDA Soybean Germplasm Collection. These accessions
(PI 446.893 to PI 486.355) were introduced into the United
States from 1980 to 1984. Publicly released cultivars from
the United States and Canada during 1980 to 1987 were also
tested. A maximum of 37 categories of data is presented for
each entry. These accessions were evaluated in two tests;
maturity groups 000 to 0 at St. Paul, Minnesota, and maturity
groups I to IV at Urbana, Illinois, in 1986 and 1987.”
Note: This report consists mostly (about 98%) of fullpage tables. The rest is definitions and explanations of
abbreviations. Address: 1. USDA-ARS, agronomist, GRIN
(Germplasm Resources Information Network), Beltsville,
Maryland.
2614. Juvik, Gail A.; Bernard, R.L.; Chang, R.; Cavins, J.F.
1989. Evaluation of the USDA wild soybean germplasm
collection: Maturity groups 000 to IV (PI 65.549 to PI
483.464). USDA Technical Bulletin No. 1761. 25 p. May.
• Summary: “This report contains data on the origin,
descriptive characteristics, agronomic performance, and seed
composition for 200 wild soybean (Glycine soja Siebold
& Zucc.) accessions in maturity groups 000 to IV from
the USDA Wild Soybean Germplasm Collection. These
accessions (PI 65.549 to PI 483.464) were introduced from
China, Japan, South Korea, and the Soviet Union into the
United States from 1925 to 1984. A total of 38 categories
of data is presented for each entry. These accessions were
evaluated at Urbana, Illinois, in 1984 and 1985.”
Note: This report consists mostly (about 90%) of fullpage tables. The rest is definitions and explanations of
abbreviations. Address: 1. USDA-ARS, agronomist, GRIN
(Germplasm Resources Information Network), Beltsville,
Maryland.
2615. Kenworthy, W.J.; Brown, A.H.D.; Thibou, G.A. 1989.
Variation in flowering response to photoperiod in perennial
Glycine species. Crop Science 29(3):678-682. May/June. [20
ref]
• Summary: “One of the most widely occurring perennial
species within the subgenus Glycine in the genus Glycine
Willd. is Glycine tomentella Hayata (7). It occurs throughout
the tropical and subtropical monsoonal (wet summer) belt
of northern and eastern Australia and in Papua New Guinea,
Taiwan, and the Philippines.”
The wild perennial Glycine species offer a potential
source of new germplasm for the improvement of soybean
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(Glycine max (L.) Merr.), but information is needed on
useful characteristics in this material. “The objective of this
study was to determine the flowering response of the wild
perennial Glycine species to different daylengths.”
The 12-hour daylength was most conducive to
cleistogamous and chasmogamous flower development
while the 16-hour daylength suppressed flowering. Plants
generally took longer to reach comparable phenological
stages of growth in the cooler temperature regime, but the
initial flowers appeared at similar nodes in both warm and
cool temperatures. Address: 1. Dep. of Agronomy, Univ.
of Maryland, College Park, MD 20742; 2-3. Div. of Plant
Industry, CSIRO, P.O. Box 1600, Canberra, A.C.T. 2601,
Australia.
2616. Library of Congress, Subject Cataloging Div.,
Processing Services. 1989. Library of Congress subject
headings. 12th edition. Washington, DC: Cataloging
Distribution Service, Library of Congress. 3 volumes.
• Summary: This 12th edition (LCSH 12) contains
approximately 173,000 headings established by the Library
through Sept. 1988. The book was available on 3 May 1989.
Approximately 10,000 headings were added since the 11th
edition in 1988. Among these headings are 139,000 topical
subject headings, 22,000 geographic subject headings,
10,000 personal names (incl. 9,000 family names), 2,600
corporate headings. This book should be used with the
Subject Cataloging Manual (1989. 3rd ed.).
These subject headings have been accumulated by
LC since 1898 and the first edition of LCSH was printed
between 1909 and 1914. Subject headings are listed in
boldface type. Approximately 40% of headings are followed
by LC class numbers, which are added only when there is a
close correspondence between the subject heading and the
provisions of the LC classification schedules.
References show the relationship between terms: (1) The
equivalence relationship: Use of UF (Use for) references.
(2) The hierarchical relationship: Broader terms (BT) and
narrower terms (NT). BT and NT function as reciprocals.
A term appearing as a BT must be matched by the reversed
relationship as an NT (e.g., Motor Vehicles. BT Vehicles.
NT Trucks). (3) The associative relationship: Related terms
(RT. Ornithology. RT Birds). May Subd Geog (MSG) = May
subdivide geographically. Soy related subject headings, listed
alphabetically, are:
Fermented soyfoods (MSG). BT Food, Fermented.
Soyfoods. NT Fermented soymilk. Miso. Natto. Soy sauce.
Tempeh.
Fermented soyfoods industry (MSG). BT Soyfoods
industry. NT Miso industry. Nattô industry. Soy sauce
industry. Fermented soymilk (MSG). BT Fermented
soyfoods. Soymilk.
Hydrogenation [QD281.H8]
Information storage and retrieval systems–Soyfoods.

Lecithin [QP752.L4 (Physiology), or RM666.L4
(Therapeutics)]. UF Phosphatidylcholine. BT Phospholipids.
NT Lysolecithin. Also: Lecithinase.
Margarine (MSG) [TP684.M3 (Manufacture)]. UF
Butter, artificial, Margarin, Oleomargarine. BT Oils and fats,
edible. NT Vanaspati. Margarine industry (MSG) [HD9330.
M37-374] BT Oil industries. NT Vanaspati industry.
Meat substitutes [TX838]. BT Food substitutes.
Vegetarianism.
Miso (MSG) [TP438.S6 (Manufacture)]. UF Paste,
Soybean. Soybean paste. BT Fermented soyfoods. NT
Cookery (Miso).
Miso industry (MSG). BT Fermented soyfoods industry.
Nattô (MSG) [TP438.S36 (Manufacture)] [TX558.S6
(Nutrition)]. BT Fermented soyfoods.
Nattô industry (MSG). BT Fermented soyfoods industry.
Natural food restaurants (MSG). UF Restaurants,
Natural food. BT Restaurants, lunch rooms, etc. RT Food,
Natural.
Natural foods industry (MSG) [HD9000-HD9019]. UF
Health foods industry. BT Food, Natural. Note: Natural food
(Use Food, Natural). Natural food cookery (Use Cookery
(Natural foods)).
Nonfermented soyfoods.
Nonfermented soyfoods industry.
Shortenings–Use Oils and fats, edible.
Soy ice cream (MSG). Here are entered works on
no-dairy frozen desserts in which soy protein largely or
completely replaces the dairy proteins. UF Ice cream, Soy.
Soymilk ice cream. Tofu ice cream. BT Non-dairy frozen
desserts. Nonfermented soyfoods.
Soy ice cream industry (MSG) [HD9330.S63-HD9330.
S633]. BT Nonfermented soyfoods industry.
Soy sauce (MSG) [TP438.S6 (Manufacture)]. [TX407.
S69 (Nutrition)]. UF Sauce, Soy. Soy. Soya Sauce. BT
Fermented soyfoods. NT Cookery (Soy sauce).
Soy sauce industry (MSG) [HD9330.S65-HD9330.
S653]. BT Fermented soyfoods industry. NT Strikes and
lockouts–Soy sauce industry.
SOYA (Information retrieval system [SoyaScan from
Soyfoods Center]) [Z695.1.S68]. BT Information storage and
retrieval systems–Soyfoods.
Soybean (MSG) [QK495.L52 (Botany)]. [SB205.S7
(Culture)]. UF Glycine max. Soja bean. Soja max. Soy-bean.
Soya. Soya bean. BT Beans. Forage plants. Oilseed plants.
Soybean–Diseases and pests (MSG). NT Diaporthe
phaseolorum. Heterodera glycines [Nematodes]. Soybean
mosaic disease. Soybean rust disease.
Soybean as feed [SF99.S]. NT Soybean meal as feed.
Soybean flour. UF soya flour. BT Flour. Soybean
products.
Soybean glue. BT Glue. Soybean products.
Soybean industry (MSG) [HD9235.S6-HD9235.S62].
BT Vegetable trade. NT Soybean oil industry.
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Soybean meal (MSG). UF Soybean oil meal. Soybean
oilmeal. BT Meal. Soybean products
Soybean meal as feed [SF99.S]. BT Soybean as feed.
Soybean mosaic disease (MSG) [SB608.S7]. UF
Soybean chlorosis. Soybean leaf curl. BT Soybean–Diseases
and pests. RT Soybean mosaic virus.
Soybean mosaic virus. BT Plant viruses. RT Soybean
mosaic disease.
Soybean oil (MSG) [TP684.S]. UF Bean oil. Chinese
bean oil. Soy oil. BT Drying oils. Soybean products.
Soybean oil industry (MSG) [HD9490]. BT Soybean
industry.
Soybean oil mills (MSG). BT Oil mills. Soybean
processing plants.
Soybean processing plants (MSG). BT Factories. Food
processing plants. NT Soybean oil mills.
Soybean products (MSG). NT Soybean flour. Soybean
glue. Soybean meal. Soybean oil. Soyfoods.
Soybean rust disease (MSG) [SB608.S7]. UF Rust
disease of soybean. BT Fungal diseases of plants. Soybean–
Diseases and pests. RT Phakopsora pachyrhizi.
Soyfoods (MSG). [TX401.2.S69 (Nutrition)]. [TX558.
S7 (Composition)]. UF Soybean as food. BT Food. Soybean
products. RT Cookery (Soybeans). NT Fermented soyfoods.
Nonfermented soyfoods.
Soyfoods industry (MSG) [HD9235.S6-HD9235.
S62]. BT Food industry and trade. NT Fermented soyfoods
industry. Nonfermented soyfoods industry. Soymilk industry.
Soymilk. UF Beverages, Soy. Milk, Soy. Milk, Soybean.
Soy beverages. Soy milk. Soybean milk. BT Nonfermented
soyfoods. NT Fermented soymilk.
Soymilk industry (MSG) [HD9235.S6-HD9235.S62].
UF Soy milk industry. Soybean milk industry. BT Soyfoods
industry.
Tempeh (MSG) [TX558.T39]. UF Bongkrek. Tempe.
BT Fermented Soyfoods. RT Cookery (Tempeh).
Tofu (MSG).
Note: Changes in this edition from the 11th edition.
Changed: Soybean as food to Soyfoods. Changed: Soybean
milk to Soymilk. Changed: Soybean milk industry to
Soymilk industry. Added: Soyfoods industry. Added:
Fermented soyfoods. Added: Fermented soyfoods industry.
Added: Nonfermented soyfoods. Added: Nonfermented
soyfoods industry. Added: Fermented soymilk. Address:
Washington, DC.
2617. Bernard, Richard L.; Juvik, Gail A.; Nelson, Randall
L. 1989. USDA soybean germplasm collection inventory
[1945-1985]. Vol. 2. INTSOY Series No. 31. vi + 203 p. July.
• Summary: Volume 1 of this two-volume set was published
in Aug. 1987 as INTSOY Series No. 30. The title page states:
“Information on the origins of soybean and wild soybean
germplasm acquired from 1945 to 1985, identified by PI
numbers between PI 150.000 and PI 500.000, and maintained

by the United States Department of Agriculture.”
Contents: Foreword. Curator staff. The USDA soybean
germplasm collection: Introduction, history, PI numbers,
maintenance of the collection, statistical summaries of
the collection, source and identification of individual
strains, appendixes, abbreviations, Germplasm Resources
Information Network (GRIN). Statistical tables: Number
of strains introduced from 1945 to 1985 by maturity group,
number of wild soybean strains introduced from 1925
to 1985 by country of origin, number of soybean strains
introduced from 1945 to 1985 by country of origin, number
of soybean strains introduced by year, major sources of
introduced soybeans. Source and identification of individual
strains: Soybean strains (1945 to 1985), wild soybean strains
(1925 to 1985). Appendixes: 1. Soybean strains summarized
by country and year, 1945 to 1985. 2. Wild soybean strains
summarized by country and year, 1908 to 1985. 3. Chinese
location names. 4. Korean location names. INTSOY
Publication series. Address: Univ. of Illinois.
2618. Croughan, Suzan S. 1989. Applications of
biotechnology to soybean improvement. In: Thomas H.
Applewhite, ed. 1989. Proceedings of the World Congress on
Vegetable Protein Utilization in Human Foods and Animal
Feedstuffs. Champaign, IL: American Oil Chemists’ Society.
xii + 575 p. See p. 512-14. [40 ref]
• Summary: Contents: Introduction. Regeneration in
soybeans. Somaclonal variation. Genetic engineering.
“Plant tissue culture and genetic engineering are two
approaches of biotechnology which have been used in crop
improvement programs. Tissue culture involves stimulating
plant cells to divide and grow into a mass of undifferentiated
tissue called callus. Once formed, the callus can be triggered
to differentiate into organized plants. Plants regenerated
from callus frequently exhibit structural, physiological, or
biochemical characteristics which distinguish them from
the plant from which they were derived. This phenomenon,
termed somaclonal variation, has been observed in several
species and variation has been found in many traits...
Mutants arising through somaclonal variation can be used
subsequently in germplasm improvement programs.
“Genetic engineering is gaining importance as a method
of germplasm enhancement as techniques for DNA isolation
and transfer are refined and important genetic material is
identified. In this approach, DNA that codes for a particular
trait is introduced into either protoplasts, cells, tissue or even
whole plants. This approach to crop improvement offers the
ability to design plants with specific traits...
“Soybean callus can be initiated from a number of
explant sources, but repeatable and reliable methods for plant
regeneration have only recently been developed... Because
plant scientists have succeeded only recently in regenerating
soybeans from callus, few observations have been reported
on the amount of somaclonal variation in regenerated
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plants.”
A photo shows Susan Croughan. Note: Webster’s
Dictionary defines explant (a term first used in 1917) as
“living tissue removed from an organism and placed in a
medium for tissue culture.” Address: Rice Research Station,
Louisiana Agric. Exp. Station, LA State Univ. Agric. Center.

and Voldeng, 1980), and E5 (McBlain and Bernard,
1987).” Address: 1. Research Station, Agriculture Canada,
Lethbridge, Alberta, Canada T1J 4B1; 2. Dep. of Crop
Science, Univ. of Guelph, Guelph, Canada, NIG 2W1; 3.
Plant Research Center, Agric. Canada, Ottawa, Ontario,
Canada K1A OC6.

2619. Ablett, G.R.; Beversdorf, W.D.; Dirks, V.A. 1989.
Performance and stability of indeterminate and determinate
soybean in short-season environments. Crop Science
29(6):1428-33. Nov/Dec. [25 ref]
• Summary: “In the traditional indeterminate (IND) soybeangrowing areas of North America, lodging in soybean...
during the pod-filling stages of reproductive growth can
cause significant yield reductions. Maturity Group (MG) II to
III determinate (DET) cultivars have recently been developed
that combine excellent lodging resistance with high yield
potential.” Address: 1. Ridgetown College of Agricultural
Technology, Ridgetown, Ontario N0P 2C0.

2622. Raper, C. David, Jr.; Tolley-Henry, L. 1989.
Regulation of nitrogen uptake and assimilation: Effects of
nitrogen source, root-zone pH, and aerial carbon dioxide
concentration on growth and productivity of soybeans.
Moffett Field, California: National Aeronautics and Space
Administration (NASA). 71 p. Dec. 28 cm. Report No.
NASA CR-177546. [86 ref]
• Summary: Prepared for Ames Research Center, contract
NCC2-101. CELSS. Address: 1. Dep. of Soil Science; 2.
Dep. of Forestry. Both: North Carolina State Univ., Raleigh,
NC 27650.

2620. Saindon, G.; Voldeng, H.D.; Beversdorf, W.D.;
Buzzell, R.I. 1989. Genetic control of long daylength
response in soybean. Crop Science 29(6):1436-49. Nov/Dec.
[11 ref]
• Summary: “An understanding of the genetics of the
long daylength response of soybean... would facilitate the
development of cultivars adapted to the long days of the
northernmost growing areas of North America and Europe.
The objective of this study was to determine the genetic
control of soybean response to extension of the natural
daylength to 20 hours using incandescent lamps.” Address: 1.
Research Station, Agriculture Canada, Lethbridge, Alberta,
Canada T1J 4B1.
2621. Saindon, G.; Beversdorf, W.D.; Voldeng, H.D. 1989.
Adjustment of soybean phenology using the E4 locus. Crop
Science 29(6):1361-65. Nov/Dec. [12 ref]
• Summary: “There is interest in advancing soybean
production northward in both North America and Europe.
Although some adapted cultivars already exist for these
regions, breeding effort is ongoing to improve yield,
pest resistance, seed quality, and yield stability. For that
purpose, the use of improved but unadapted late germplasm
from lower latitudes is routinely considered. However,
soybean exhibits strong photoperiodic responses (Scott and
Aldrich, 1983), and the long daylengths of higher latitudes
greatly lengthen the duration of the growing period of long
daylength sensitive segregants which succumb to early
frosts. An understanding of the effects of known maturity
loci on flowering and maturity would facilitate making
adjustments for the long daylengths of higher latitudes.
“Soybean flowering and maturity are known to be
influenced by five major and independent loci designated
E1 and E2 (Bernard, 1971), E3 (Buzzell, 1971), E4 (Buzzell

2623. Kumar, P.S.; Hymowitz, T. 1989. Where are the
diploid (2n = 2x = 20) genome donors of Glycine Willd.
(Leguminosae, Papilionoideae)? Euphytica 40:221-26. [21
ref]
• Summary: “There are about 16 genera in the subtribe
Glycininae, tribe Phaseoleae, family Leguminosae. The
overwhelming reason for the economic importance of the
subtribe Glycininae is due to the cultivated soybean, Glycine
max (L.) Merrill. The soybean, its wild annual counterpart
and most of wild perennial members of the genus Glycine
carry 2n = 40 chromosomes. It is reasonable to assume that
the base number of the genus is x = 10. However Glycine
plants carrying 2n = 20 have not been reported. Herein we
report on the 2n chromosome situation of the remaining 15
genera in the subtribe Glycininae and two genera (Galactia,
Ophrestia) once thought to be allied with Glycine. Certain
species in Dumasia, Galactia and Ophrestia were found to
carry 2n = 20 chromosomes. All the other genera carry 2n =
22, 28 or 44 chromosomes. The 2n chromosome number of
Teyleria (44) and Pseudeminia (22) is being reported for the
first time.”
The subgenus Glycine contains 12 wild perennial
species. Ten of the species are “indigenous to Australia and
carry 2n = 40 chromosomes. Glycine tabacina (Labell.)
Benth. with 2n = 40, 80 chromosomes, has been found in
Australia, Taiwan, South Pacific Islands (New Caledonia,
Fiji, Tonga, Vanuatu) and West Central Pacific Islands
(Mariana, Ryukyu [southern Japan]). All accessions of G.
tabacina collected outside of Australia are tetraploid (2n =
80) and even within Australia, tetraploids predominate over
the diploid forms. Glycine tomentella has been found in
Australia (2n = 38, 40, 78, 80), Papua New Guinea (2n = 40,
78, 80), Philippines (2n = 80), and Taiwan (2n = 80). Singh
et al. (1987) demonstrated that the complexes of G. tabacina
and G. tomentella evolved through allopolyploidization.”
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Address: Dep. of Agronomy, Univ. of Illinois, 1102 S.
Goodwin Ave., Urbana, IL 61801.
2624. Merrien, A. 1989. Soybean response to water under
French conditions. In: P. Plancquaert. ed. 1989. Agriculture.
Management of Water Resources in Cash Crops and in
Alternative Production. Luxembourg: Commission of the
European Communities. EUR Report No. 11935. [Eng]*
Address: Departement Etudes et Recherches, CETIOM,
75116 Paris, France.
2625. Tiwari, S.P.; Joshi, H.J. 1989. Correlation and pathanalysis of seed quality characters in soybean. J. of Oilseeds
Research (India) 6:51-57. [12 ref]
• Summary: Analysis of the constraints limiting average
soybean yield in India to 7.54 quintals per hectare (754
kg/ha) show poor plant population to be a major factor
(Motirimani, 1986). A plant stand of about 400,000 per ha is
necessary for optimum soybean yield.
The germinability of soybean seed is mainly due to
the inherent genetic potential of each variety, plus several
other factors such as soil type, date of planting and harvest,
fertilizer application, use of pesticides, allelopathy of weeds,
etc.
Note: Allelopathy is a biological phenomenon by
which an organism produces one or more biochemicals that
influence the growth, survival, and reproduction of other
organisms.
In this study, fifteen soybean varieties from advanced
breeding lines and released varieties were grown during
the rainy season in a randomised block design with three
replications at Junagadh (Gujarat, India). “Seeds were stored
for about six months after harvest. Seed vigour in the form of
germinability and early seedling growth were studied under
standard laboratory conditions at 30ºC.” Address: National
Research Centre for Groundnut (ICAR), Junagadh and
Gujarat Agricultural Univ., Junagadh, India.
2626. Xu, Bao. 1989. A decade of study of Chinese wild
soybeans (Glycine soja). Jilin Agricultural Sciences 39(1):512. [72 ref. Chi; eng]
• Summary: Contents: Abstract. Introduction and
review of early literature. Distribution and growth
condition. Morphometrics, developmental and
ecological characteristics. Physiological and biochemical
characteristics. Quality characteristics. Resistance to viruses
and diseases. Cytogenetic characteristics and hybridization
utilization. The origin, evolution and classification of
soybean: Agronomic characteristics, photoperiod and
temperature characteristics, physiological and biochemical
characteristics, quality chemical characters. The future study
of wild soybeans.
Note: An English-language translation of this excellent
article appears on the Web at www.k-state.edu/issa /aphids/

reporthtml/ trans69.htm. It was translated by Jian Wu and
edited (the English polished) by Mohan Ramaswamy, both
of Kansas State Univ. Libraries. Address: Soybean Research
Institute, Jilin Academy of Agricultural Science [China].
2627. Campbell, R.; Macdonald, R.M. eds. 1989. Microbial
inoculation of crop plants. McLean, Virginia: IRL Press
at Oxford University Press. xi + 118 p. Illust. Index.
24 cm. Special Publications of the Society for General
Microbiology, Vol. 25
• Summary: Contents: Preface. Contributors. Abbreviations.
1. An overview of crop inoculation, by R.M. Macdonald.
2. An industrial view of microbial inoculants for crop
plants, by G. Lethbridge
3. Global importance of Rhizobium as an inoculant. by
A.R.J. Eaglesham.
4. Present and future value of mycorrhizal inoculants, by
D.P. Stribley.
5. The use of microbial inoculants in the biological
control of plant diseases. by R. Campbell
6. The use of plant viruses as inoculants. by R.F. White
and J.F. Antoniw.
7. The use of blue-green algae and Azolla in rice culture,
by B.A. Whitton and P.A. Roger.
8. The use of engineered and genetically distinct inocula
on plants, by J.E. Beringer, K.A. Powell and N.J. Poole.
“Preface: This Special Publication is the result of a
meeting of the Ecology Group of the Society for General
Microbiology at the University of Warwick, UK, on 14
April 1988. The aim was to review the rapidly developing
subject of microbial inoculants of crop plants in the light of
an expanding research effort worldwide, recently increased
interest from commercial companies, and public concern
over the release of microorganisms into the environment.
The contributors were asked to briefly review the history of
microbial inoculants, then to assess their present importance
and to speculate on what might happen in the foreseeable
future. It was hoped that this would enable research and
development projects to be realistically assessed and directed
into worthwhile areas.
“The meeting was largely organized by Rod Macdonald
who should receive such praise as is due for the content.
Sadly, ill health forced Rod to retire during the course of
publication, so editorial errors and omissions should be
blamed on Richard Campbell.
“We would like to thank the then convenor of the
Ecology Group, Dr J. Gwyn Jones, and members of the
Committee, for their help and support in arranging the
meeting on which this special publication is based. We also
thank Dr D.E.S. Stewart-Tull, Publications Officer of the
Society for General Microbiology, for his help and advice
in editing the book. Finally, we thank all the contributors
(especially those who handed in their typescripts on time!)
for the high standard of their copy which reduced the labour
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of editing.
“R. Campbell and R.M. Macdonald
“Past Members of the Ecology Group Committee
“Co-chairmen of the Meeting.” Address: 1, Dep. of
Botany, Univ. of Bristol, Bristol BS8 1UG; 2. AFRC Inst. of
Arable Crop Research, Rothamsted Experimental Station,
Harpenden, Herts AL5 2JQ. Both: UK.
2628. Hedberg, Inga; Edwards, Sue. 1989. Flora of Ethiopia.
Addis Ababa and Asmara, Ethiopia; Uppsala, Sweden. See
vol. 3, p. 158. [4 ref]
• Summary: This is an expanded and updated version of
Tentamen Floræ Abyssinicæ, by Achille Richard. Gives
botanical descriptions of Glycine wightii, Subspecies wightii
var. longicauda (Schweinf.), and Glycine max.
Page 158: After a brief botanical description: “Cultivated
for its edible seeds, rich in protein and oil, and also as fodder
and green manure. Recently introduced to Ethiopia where
it has been grown experimentally at a number of medium
altitude locations in AR (Asella) and SU, and on some State
Farms, particularly in GJ.
“The soya bean probably originates from East Asia,
where its wild relatives are found.” Address: 1. Uppsala
Univ., Sweden; 2. The National Herbarium, Biology Dep.,
Science Faculty, Addis Ababa Univ., P.O. Box 3434, Addis
Ababa, Ethiopia.
2629. Singh, O.P.; Srivastava, S.K. eds. 1989. Soybean
[Soybean]. Sehore, India: Agro-Botanical Publishers. 253 p.
[Hin]
• Summary: This is the earliest known Hindi-language
book on the soybean to be published in India. Contents:
1. Introduction. 2. Prospects for soybean research and
development in India, by P.S. Bhatnagar (p. 8). 3. Botany
and physiology, by Mohammad Niyamatulla (p. 14). 4.
Development of varieties in India, by Hemant Kumar
Sharma (p. 31). 5. Soil and water management, by Rafique
Alam Khan and Jagdish Prasad Dixit (p. 51). 6. Crop
management, by Amar Singh Chanfel (p. 63). 7. Nitrogen
fixation, by Sukhal Namdev (p. 88). 8. Insect control, by
Om Prakash Singh and Kunwarji Singh (p. 113). 9. Disease
control, by Shyam Krishna Srivastava and Sudama Chandra
Agrawal (p. 133). 10. Plant protection measures, by Krishna
Kumar Nema, Om Prakash Singh, and Shyam Krishna
Srivastava. 11. Improved agricultural implements, by Nath
Saranlal Srivastava (p. 186). 12. Seed certification, by
Surendra Kumar Mehta (p. 198). 13. Soybean food uses and
utilisation, by Suman Kumar and Yogesh Kumar Sharma (p.
212). 14. Post rainy season soybean–A new dimension, by
Satya Prakash Tiwari and Prabhakar (p. 224). Address: 1.
Soybean entomologist; 2. Soybean pathologist. Both: R.A.K.
College of Agriculture, SEhore, Madhya Pradesh, India.
2630. SoyaScan Notes. 1989. Terms related to soyfoods,

soybeans, and the soybean industry: Library of Congress
subject headings and call numbers (Overview). Compiled by
William Shurtleff of Soyfoods Center.
• Summary: Two different types of call numbers are used by
American libraries for cataloging their books. Most larger
libraries use the Library of Congress call numbers (LC
numbers, which start with two letters) and many smaller
libraries use the Dewey Decimal System (Dewey numbers,
which contain only numbers).
The following are from the Library of Congress Subject
Headings (12th ed. 1989) and the Library of Congress
Classification Schedules. The first edition of Class S
(Agriculture), for example, was published in 1911, and the
4th edition in 1982. BT = Broader terms. NT = Narrower
terms. UF = Use for. May Subd Geog = May subdivide
geographically, e.g., Soy sauce industry-Japan.
Class H is Social sciences and economics. Class Q is
science. Class S is agriculture (SB is plant culture. SB205
is field crops, legumes). Class T is technology (TX includes
nutrition). Class Z is bibliography and library science.
HD9000-HD9019 Natural foods industry
Shortenings–Use oils and fats, edible.
HD9235.S6-.S62 Soybean industry
HD9235.S6-.S62 Soyfoods industry
HD9235.S6-.S62 Soymilk industry
HD9330.S63-.S633 Soy ice cream industry
HD9330.S65-.S653 Soy sauce industry
HD9330.T68-.T683 Tofu industry
HD9490 Soybean oil industry
QK495.L52 Soybean botany
SB205.S7 Soybean culture (Incl. Soybean Digest and
Soya Bluebook)
SB608.S7 Soybean–Diseases and pests
SF99.S Soybean as feed
SF99.S Soybean meal as feed
TP438.S36 Nattô manufacture
TP438.S6 Soy sauce manufacture
TP438.S6 Miso manufacture. BT Soybean as food. NT
Cookery (Soy sauce or miso)
TP684.S Soybean oil
TX401.2.S69 Soyfoods nutrition.
TX558.S6 Nattô nutrition. BT Fermentation, Soybean as
food, Soybean products.
TX558.S7 Soyfoods composition. UF Soybean as food.
NT Miso, Natto, Tempeh
TX558.T39 Tempeh
TX558.T57 Tofu
Z5074.S73S5 Bibliographies related to soybeans, or all
soya in various countries
Z5776.S63S5 Bibliographies on soyfoods
Z696.1.S68 SOYA (Information retrieval system)
The following soy-related terms have a subject heading
but no LC call number: Miso industry, Natto industry, Soy
sauce, Soybean flour, Soybean glue, Soybean meal, Soybean
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milk, Soybean products.
2631. Thulin, M. 1989. Fabaceae (Leguminosae). In: Inga
Hedberg & Sue Edwards, eds. 1989. Flora of Ethiopia.
Volume 3. Pittosporaceae to Araliaceae. The National
Herbarium, Addis Ababa University, Addis Ababa, Ethiopia
and Department of Systematic Botany, Uppsala University,
Uppsala, Sweden. See p. 158. [5 ref]

Y. 1990. Inhibition of nitrogen fixation in soybean plants
supplied with nitrate. I: Nitrite accumulation and formation
of nitrosylleghemoglobin in nodules. Plant and Cell
Physiology (Japan) 31(3):341-46. Jan. 1. [23 ref]
• Summary: “Thus, it is suggested that nitrogen fixation
was inhibited primarily by a decrease in the function of
leghemoglobin, attributable to the formation of LbNO,
which was caused by the accumulation of nitrite generated
from nitrate by NR in the nodule cytosol.” Address: Dep. of
Agronomy, School of Agriculture, Nagoya Univ., Chikusaku, Nagoya, 464-01 Japan.
2633. Kanayama, Yoshinori; Yamamoto, Y. 1990. Inhibition
of nitrogen fixation in soybean plants supplied with nitrate.
III: Kinetics of the formation of nitrosylleghemoglobin and
of the inhibition of formation of oxyleghemoglobin. Plant
and Cell Physiology (Japan) 31(5):603-08. Jan. 1. [13 ref]
• Summary: “In order to elucidate the mechanism of
inhibition, by nitrite, of the formation of oxyleghemoglobin
(LbO2) and the mechanism of generation of
nitrosylleghemoglobin (LbNO), kinetic analyses of results
of measurements of oxygen uptake and spectrophotometric
assays of leghemoglobin were performed.” Address: Dep. of
Agronomy, School of Agriculture, Nagoya Univ., Chikusaku, Nagoya, 464-01 Japan.

• Summary: On page 158, under the genus Glycine are
entries for:
1. G. wightii (Wight & Arn.) Verdc. (1966), the climbing
perennial.
2. G. max (L.) Merr (1917), the bushy, hairy erect
annual.
After each is a brief botanical description.
Concerning G. max: “Cultivated for its edible seeds,
rich in protein and oil, and also as fodder and green manure.
Recently introduced to Ethiopia where it has been grown
experimentally at a number of medium altitude locations in
AR (Asella) and SU, and on some State Farms, particularly
in GJ.
“The soya bean probably originates from E. Asia, where
its wild relatives are found.” Address: Uppsala Univ. Dep.
of Systematic Botany, P.O. Box 541, S751 21, Uppsala,
Sweden.
2632. Kanayama, Yoshinori; Watanabe, I.; Yamamoto,

2634. Kanayama, Yoshinori; Yamamoto, Y. 1990. Effects of
nitrate on nucleotide levels in soybean nodules. Plant and
Cell Physiology (Japan) 31(6):893-95. Jan. 1. [24 ref]
• Summary: “In soybean nodules, the ATP level and ATP/
ADP ratio decreased significantly upon the supply of nitrate.
Inhibition of nitrogen fixation by nitrate was caused by a
decrease in oxidative phosphorylation attributable to the
accumulation of nitrosylleghemoglobin in the presence of
nitrate. The synthesis of other nucleotides and UDP-sugar
was also affected.” Address: Dep. of Agronomy, School of
Agriculture, Nagoya Univ., Chikusa-ku, Nagoya, 464-01
Japan.
2635. Kanayama, Yoshinori; Yamamoto, Y. 1990. Inhibition
of nitrogen fixation in soybean plants supplied with nitrate.
II: Accumulation and properties of nitrosylleghemoglobin in
nodules. Plant and Cell Physiology (Japan) 31(2):207-14.
Jan. 1. [23 ref]
• Summary: “The accumulation of nitrosylleghemoglobin
(LbNO) in nodules and the properties of LbNO in vitro were
investigated in connection with the inhibition of nitrogen
fixation in soybean nodules by nitrate.
“The leghemoglobin extracted under argon gas from
nodules of plants supplied with nitrate consisted mainly of
LbNO, as judged from the spectrum which corresponded
to that of LbNO formed in vitro by the reaction of
leghemoglobin with nitrite in the presence of dithionite or by
the combination of ferrous leghemoglobin (Lb2+) with nitric
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oxide.” Address: Dep. of Agronomy, School of Agriculture,
Nagoya Univ., Chikusa-ku, Nagoya, 464-01 Japan.
2636. Hartwig, E.E.; Lambert, L.; Kilen, T.C. 1990.
Registration of ‘Lamar’ soybean. Crop Science 30(1):231.
Jan/Feb. [3 ref]
• Summary: “’Lamar’ soybean... (Reg. No. 240, PI No.
533604), is a productive cultivar of Maturity Group VI
released in March 1989 because of its resistance to a
wide range of foliar feeding insects. It was developed by
the USDA-ARS in cooperation with the Delta Branch,
Mississippi Agricultural and Forestry Experiment Station.
Prior to release it was identified as D82-3885.” Address:
Stoneville, Mississippi.
2637. Hartwig, E.E.; Young, L.D. 1990. Registration of
‘Cordell’ soybean. Crop Science 30(1):231-32. Jan/Feb. [3
ref]
• Summary: Reg. No. 241 means the 241st soybean variety
registered in Crop Science. PI 533605, it “is a productive
cultivar of Maturity Group V released in March 1989
because of its resistance to soybean cyst nematode [SCN
(Heterodera glycines Ichinohe)] Races 3, 4, and 5. It is the
first soybean cultivar to be released to have the multiple race
resistance. Prior to release it was identified as D82-2397A.”
Address: Box 196, Stoneville, Mississippi.
2638. Purcell, Larry C.; Sinclair, T.R. 1990. Nitrogenase
activity and nodule gas permeability response to rhizospheric
NH3 in soybean. Plant Physiology 92(1):268-72. Jan. [19
ref]
• Summary: “This study was conducted on soybean...
nodules to determine if exogenous NH3 exerts a controlling
influence over nitrogenase activity through changes in
nodule gas permeability (P), and if decreasing carbohydrate
availability, as a result of low-light treatment, increases the
sensitivity of root nodules to NH3.” Address: USDA, ARS,
Agronomy Physiology Lab., Univ. of Florida, Gainesville,
FL 32611.
2639. Nielsen, Niels C. 1990. The Tofu Center at Purdue
University and research on food uses of soybeans
(Interview). SoyaScan Notes. Feb. 8. Conducted by William
Shurtleff of Soyfoods Center.
• Summary: Dr. Nielsen, a member of the USDA
Agricultural Research Service, is more a molecular biologist
than a soybean breeder. He did post-doctoral research and
taught in the biochemistry department at the University
of California at Davis. The Tofu Center, established in
about Feb. 1989, is a corner of the pilot plant in the Food
Science Department at Purdue. They have accumulated
the equipment they need to make tofu, and they have had
people from Taishi Foods (Taishi Shokuhin Kogyo K.K.) a
large tofu manufacturer in Aomori prefecture, Japan come to

help them make tofu that meets Japanese quality standards.
Funding for the Tofu Center and his closely related Soybean
Protein Improvement Project comes from Central Soya,
Taishi Foods, Mitsubishi, and state grants to support value
added research (about $15,000)–plus his USDA/ARS funds.
Total funding is still small.
The purpose of the Center is to ask 2 kinds of questions:
(1) What is the effect of the way soybeans are stored while
being shipped to Japan on the quality for the final tofu? (2)
What kind of very small scale tofu preparation techniques
can be used in conjunction with soybean breeding programs
designed to incorporate into American soybeans traits that
will make them more suited for food uses in the USA and
abroad. Nothing has been published by the Tofu Center
about its goals and activities except for 1-2 news releases
from the Purdue Information Office, plus a little video on
that was shown at halftime during a recent Purdue basketball
game. Suzanne Nielsen (no relation), a food chemist, is also
active in the program. The lipoxygenase program is only
a very small part of his lab. The major thrust of the whole
program is to try to convert the soybean into an edible
food, and to make it more acceptable. This will open a
whole new market in the West. Most of the effort is aimed
at changing the quality characteristics of soy protein by
genetic engineering. The major problems they are looking at
now are flavor, protein quality, sedimentation value ratios,
and flatulence. Concerning flavor, they have made major
advances by removing lipoxygenase. Nielsen believes
that this is their most important advance to date and that it
may have a major effect in improving the acceptability of
soybeans for food use. They used backcrossing into Century
soybeans (a good-yielding, maturity group 2, field type
soybean) to get near isogenic lines. Soybeans missing the
L-2 and L-3 lipoxygenase isozymes make a very bland tofu
and soymilk, which is much more acceptable to American
taste panels. The absence of L-2 alone gives somewhat less
bland products. L-1, which has a high pH optimum, plays
little role in generating off flavors. Last year about 4,500
acres of soybeans missing the L-2 isozyme were grown in
Indiana. The lines lacking lipoxygenase yield the same as
Century, but Century no longer yields nearly as well as the
best-yielding varieties today. A lot of private and public
soybean breeders are now using this germplasm. Concerning
protein quality, they have learned how to change the sulfur
amino acid content (to increase methionine) and now they
are working to get it into a soybean variety.
Being able to change the ratio of 7S to 11S protein
sedimentation values (the S stands for Svedberg, who was an
early Swedish researcher on the subject) will be important
in adjusting the hardness or softness of tofu. But Japanese
tofu makers have no clear idea of what ratio they want.
Concerning elimination of flatulence factors, that work is just
starting.
The Japanese have learned to like soyfoods made
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from large-seeded vegetable-type (LSVT) soybeans, but
American’s have not yet learned that. Tofu makers are
most concerned about taste and tofu yield, and they prefer
LSVT soybeans for their flavor. But they prefer American
soybeans for their swelling characteristics during soaking,
and this gives a more uniform product. Many Japanese tofu
makers plan to have LSVT soybeans grown in America
under special contract, but they cannot do that economically
due to (1) their poor yield due to problems of shattering
during mechanical harvesting, and (2) their thin seedcoat,
which leads to more damage during mechanical harvesting.
The way the Japanese have traditionally harvested their
soybeans, cutting the plants early by hand and hanging them
upside down on racks, shattering is an advantage, allowing
the beans to be manually threshed from the pods with a
minimum of effort. The thin seedcoat, which does not effect
shattering, does aid uniform swelling during soaking. Yet
he has heard that new-crop LSVT soybeans do not swell as
well as year-old ones. Nielsen feels it may not be necessary
to start with a vegetable-type soybean to produce the
characteristics that they want.
Nielsen believes that the program on food uses of
soybeans at Purdue will expand in the coming years.
Soybean breeders will be working much more closely than
ever before with food scientists. Other key people are Phil
Nelson (the department head in the food science department)
and Marv Phillips (the department head in agronomy). There
have already been 9-10 PhD theses in his soybean protein
improvement program. A few of his graduates now doing
important work in the area are Nilgen Tumer (from Turkey)
at Monsanto (working with cross protection by putting
the proteins of a virus into a plant to immunize it against
infection) and Paul Staswick at Univ. of Nebraska (working
with vegetative storage proteins).
Keith Smith of the American Soybean Assoc. has
been very supportive of Nielsen’s work. The early work on
preparing the low-lipoxygenase lines and modifying the
nutritional quality of the soy protein was all funded by ASA.
In Dec. 1989, at a meeting at ASA in St. Louis, he first heard
concern expressed with the quantity of protein in soybeans,
for the crushing industry. This seems like a major change of
attitude. They are not yet very concerned with the various
components of the seed and how those effect quality. At the
ASA board meeting, he pointed out that in the coming years,
especially because of the development of biotechnology, we
will be seeing the developing of niche markets. That will
fragment the soybean industry as a commodity crop. A valueadded market will emerge, and this will be a major change
in the market. So ASA needs to establish better quality
standards. He is already working with Central Soya toward
component pricing. Indiana has a value-added program with
grants to specific projects; it does not have a Center as exists
in Iowa and Illinois.
Nielsen’s father was a plant breeder at the Univ.

of Wisconsin. He was personally more interested in
biochemistry and chemistry. So it was very apparent to him
due to the environment in which he was raised that there
was not enough of a connection between the basic sciences
and the applied sciences. The problem was to learn how to
establish those bridges. He, who does cutting and splicing
of DNA, now has developed close ties with the food science
department. The real question will turn out to be whether or
not we can find new places to put the improved soy proteins,
for example as extenders. Central Soya thinks that these new
soybeans will increase the use of isolates and concentrates
in foods. Gary Felger (Phone: 219-425-5403) is Nielsen’s
contact at Central Soya. David Swanson, the CEO, is also
very interested in this work. Address: Purdue Univ., West
Lafayette, Indiana 47907. Phone: 317-494-8057.
2640. Anthon, Gordon E.; Emerich, David W. 1990.
Developmental regulation of enzymes of sucrose and hexose
metabolism in effective and ineffective soybean nodules.
Plant Physiology 92(2):346-51. Feb. [28 ref]
• Summary: “Soybean... nodules formed by inoculation
with either an effective strain or an ineffective (noninvasive,
nodule-forming) strain of Bradyrhizobium japonicum were
assayed for changes in developmental patterns of carbon
metabolic enzymes of the plant nodule cells. Of the enzyme
activities measured, only sucrose synthase, glutamine
syntnetase, and alcohol dehydrogenase were altered in
the ineffective nodules relative to the effective nodules.”
Address: Dep. of Biochemistry and Interdisciplinary Plant
Biochemistry and Physiology Group, Univ. of MissouriColumbia, Columbia, Missouri 65211.
2641. Bhatnagar, P.S. 1990. Seed production techniques in
soybean (Glycine max L.). Paper presented at the Training
Programme for Seed Production Officers of National Seed
Corporation at the NDBB (National Dairy Development
Board), Anand on 30 March 1990. 9 p. Unpublished
manuscript. [7 ref]
• Summary: Contents: Introduction. Attributes of seed
quality. Maintenance of purity. Factors affecting seed
germination. Morphology and development of seed.
Environmental conditions during maturity. Harvesting and
threshing. Handling and storage of seed. Drying. Cleaning
and grading of seed. Seed treatment. Seed packaging and
storage.
“With the likely spread of soybean cultivation to
non-conventional regions and seasons, the requirement of
soybean seed will also increase from the present 1,350,000
tonnes to 1,875,000 tonnes. Most of this requirement will
have to be met by the farmers from his own production
because (a) soybean being a self-pollinating crop, genetic
deterioration does not take place up to 2-3 generations, and
(b) it is very difficult for seed producing organizations in the
country to produce such large quantities of certified seed.”
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Address: Director, National Research Centre for Soybean,
Indore 452 001 (M.P.), India.
2642. Edwards, C.J., Jr.; Hartwig, E.E. 1990. USDA southern
soybean germplasm collection report. Soybean Genetics
Newsletter (Iowa State Univ., Ames) 17:8. April.
• Summary: In 1989 the total entries for the various maturity
groups were are follows:
MG V–1829 entries
MG VI–797 entries
MG VII–456 entries
MG VIII–355 entries
MG IX–153 entries
MG X–165 entries
Total: 3755 entries in the Southern Soybean Germplasm
Collection.
Note: MG V is the furthest north and MG X the furthest
south. Address: Stoneville, Mississippi.
2643. Pfeiffer, T.W.; Harris, L.C. 1990. Soybean yield in
delayed plantings as affected by alleles increasing vegetative
weight. Field Crops Research (Amsterdam) 23(2):93-101.
April. [18 ref]
• Summary: “The reduction in soybean... yield with delayed
planting can be partially attributed to reduced vegetative
growth. Alleles altering stem termination, internode length,
and time of flowering can increase vegetative growth. The
objective of this experiment was to determine if allele
combinations which increase vegetative size at beginning
pod fill (growth stage R5) would increase seed yield in
delayed plantings.” Address: Dep. of Agronomy, Univ. of
Kentucky, Lexington, KY 40456-0091.
2644. Carter, Thomas E., Jr. 1990. Soybean geneticists at
public institutions involved with food-quality soybeans.
Raleigh, North Carolina. 2 p. May 11. Unpublished
typescript.
• Summary: For each geneticist, the following information
is given: Address, U.S. maturity groups involved with, and
which of the following the person is interested in: Largeseeded varieties (LSV), small-seeded varieties (SSV),
edamame (EDA = green vegetable soybeans), high protein
(HP), or low saturated fat (LSF).
The geneticists (all PhDs) are: T.E. Carter, Jr. (Raleigh,
North Carolina; MG {maturity groups} 5-7, LSV, SSV),
Dr. Joe W. Burton (Raleigh, North Carolina; MG 5-7, HP,
LSF), Dick Bernard (Urbana, Illinois; MG 2-4, LSV, SSV,
EDA?), Bill Kenworthy (College Park, Maryland; MG
2-4, EDA), Dr. Kang (Univ. of New Hampshire; MG 2-3,
EDA), J.H. Orf (St. Paul, Minnesota; MG 0-2, SSV), David
Weaver (Auburn Univ., Alabama; MG 6-8, SSV), Kuell
Hinson (Gainesville, Florida; MG 7-9, LSV), Glenn Buss
(Blacksburg, Virginia; MG 4-5, LSV, SSV), Edgar Hartwig
(Stoneville, Mississippi; MG 5-6, HP), Niels Nielson (West

Lafayette, Indiana; Lipoxygenase null varieties).
Five researchers in universities in the 1890s Black
College Consortium are also initiating work in this area; only
names and addresses are given: McArthur Floyd and Val T.
Sapra, Alabama A&M Univ., Normal, Alabama; J. Joshi,
Univ. of Maryland, Princess Anne, Maryland; N. Rangappa
and P.S. Benepal, Virginia State Univ., Petersburg, Virginia.
Address: Research Geneticist / Assoc. Prof., USDA-ARS,
North Carolina State Univ., Raleigh, NC. Phone: (919) 7372734.
2645. Cheeseborough, Thomas M. 1990. Decreased growth
temperature increases soybean stearoyl-acyl carrier protein
desaturase activity. Plant Physiology 93(2):555-59. June. [19
ref]
• Summary: “Developing soybean... seeds respond to a
change in growth temperature by changing the level of
stearoyl acyl carrier protein desaturase activity in the tissue.
After 20 hours in liquid culture, seeds grown at 200C show
an increase in activity while seeds grown at 35ºC show
a decrease in activity, relative to their preculture levels.”
Address: Northern Regional Research Center, 1815 N.
University St., Peoria, Illinois 61604.
2646. Herridge, David F.; Peoples, Mark B. 1990. Ureide
assay for measuring nitrogen fixation by nodulated soybean
calibrated by 15N methods. Plant Physiology 93(2):495-503.
June. [31 ref]
• Summary: A straight line graph shows relative ureide
nitrogen (%) vs. % nitrogen from fixation. Thus, if we know
one, we can calculate the other. Address: 1. New South
Wales Agriculture & Fisheries, Agricultural Research Centre,
R.M.B. 944, Tamworth, N.S.W., Australia 2340; 2. CSIRO
Div. of Plant Industry, G.P.O. Box 1600 Canberra, A.C.T.,
Australia 2601.
2647. Herridge, David F.; Bergersen, F.J.; Peoples, Mark B.
1990. Measurements of nitrogen fixation by soybean in the
field using the ureide and natural 15N abundance methods.
Plant Physiology 93(2):708-16. June. [28 ref]
• Summary: An approximately straight line graph shows
percentage nitrogen fixed (ureide method) vs. % nitrogen
fixed (natural 15N abundance method). Thus, if we know
one, we can calculate the other. However this approach is
not as exact as that described in Herridge & Peoples (1990).
Address: 1. New South Wales Agriculture & Fisheries,
Agricultural Research Centre, R.M.B. 944, Tamworth,
N.S.W., Australia 2340; 2-3. CSIRO Div. of Plant Industry,
G.P.O. Box 1600 Canberra, A.C.T., Australia 2601.
2648. Martin, Ralph C.; Voldeng, H.D.; Smith, D.L.
1990. Intercropping corn and soybean for silage in a cooltemperature region: yield, protein and economic effects.
Field Crops Research (Amsterdam) 23(3-4):295-310. June.
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[33 ref]
• Summary: “The concentration of crude protein was
significantly higher in intercropped than monocropped
silage in both years.” Address: 1&3. Plant Science Dep.,
Macdonald College of McGill Univ., Ste. Anne de Bellevue,
Que. H9X 1C0 (Canada).
2649. Gerbaud, Alain. 1990. Effect of acetylene on root
respiration and acetylene reducing activity in nodulated soya
bean. Plant Physiology 93(3):1226-29. July.
• Summary: “Acetylene decreased root and nodule
respiration, as measured by CO2 evolution of nodulated or
non-nodulated Glycine max. An inhibition of 25 to 35% in
15 to 30 minutes occurred when 13% C2H2 was introduced
in the gas flux which aerated the root nutrient solution.
When the light intensity was doubled to 800 microeinsteins
per square meter per second, the inhibition increased to
50% and nodule acetylene reduction activity was inhibited
50%.” Address: Laboratoire d’Etude des Symbiotes des
Racines, INRA, Place Viala, 34060 Montpellier, France and
Laboratoire d’Agrophysiologie en Conditions Controlées,
Service de Radioagronomie, CEA Cadarache, 13115 Saint
Paul Lez Durance, France.
2650. Thomas, Jill Gelmers. 1990. The five botanical
libraries at Harvard: Arnold Arboretum Main Library, Oakes
Economic Botany Library, Gray Herbarium Library, Farlow
Library of Cryptogamic Research, and Oakes Ames Orchid
Library (Interview). SoyaScan Notes. Oct. 9-10. Conducted
by William Shurtleff of Soyfoods Center.
• Summary: These five libraries clustered together comprise
Harvard’s botanical libraries. They are located on the
Harvard campus about 10 minutes walk from Harvard’s
Main Library (Weidner). Together they have 248,000
books plus many very unique serials. Each was originally
a private collection. Some libraries are in different rooms
but all are administered centrally. Most documents are not
computerized; they are now entering bibliographic records
into OCLC and into HOLLIS, the Harvard Online Library
Information System, but they have good card catalogs or
manual indexes. There is no central union index for the 5
libraries:
1. Arnold Arboretum Main Library (Code: MH-A), the
second best for soy-related research, owns 90,000 volumes,
very old and rich in Old World documents (Europe and Asia,
with lots in Asian languages and Russian). Both Arnold and
Gray are primarily taxonomic and systematic collections.
Charles Sargent was the first director of the Arnold
Arboretum; the money came from 3 men, one of whom was
Arnold. The collection was originally in Jamaica Plain (JP);
part of it moved to Harvard in 1953, and part of it is still
there to support the living collection/arboretum; it is mainly
horticultural publications. Arnold has a full list of which
documents are at JP. To use the JP collection, one must go

out there and use the reading room, library, and archivist
services. Since 1953 the Arnold Arboretum library has had a
large deposit of very rare botanical documents at Houghton,
Harvard’s rare book library, located next to Weidner. There
is no single comprehensive list at Arnold showing what is at
Houghton.
2. Oakes Ames Economic Botany Library (Code
= MHEB), the best for soy-related research. It contains
30,000 books plus 200 serial titles. MHEB and the Orchid
Collection didn’t make it into Harvard Union Catalog so they
are not in the National Union Catalog, NUC.
3. Gray Herbarium Library (Code: MH-G). Asa Gray,
the first botany professor at Harvard, was more interested in
the New World, especially North America. 4. Farlow Library
of Cryptogamic Research specializes in mushrooms, moss,
and lichens. Note: Webster’s Dictionary defines cryptogam,
a term derived from the Greek ryptos = hidden or covered +
-gamia = reproduction or marriage, and first used in 1847,
as “a plant (as a fern, moss, alga, or fungus) reproducing by
spores and not producing flowers or seed.” 5. Oakes Ames
Orchid Library (5,000 vols).
The libraries have closed stacks, so everything has to
be paged. They are a research library geared toward people
who know exactly what they are looking for. They would
probably be willing to let a researcher send them proof
sheets and pull them in advance, just like DNAL etc. But one
should not submit too many (try to limit it to 20-40) because
they have a very small staff They will do the best they can.
Policy on photocopy: Best to use Interlibrary Loan. If
one goes there, one can photocopy most things unless very
fragile; if fragile, they hold the book. The paper is usually
pretty good before 1820. Address: Reference Librarian,
Arnold Arboretum Library, 22 Divinity Ave., Cambridge,
Massachusetts 02138. Phone: 617-495-2366.
2651. Hymowitz, Theodore. 1990. Soybeans: The
success story. In: Jules Janick and James E. Simon, eds.
1990. Advances in New Crops: Proceedings of the First
National Symposium New Crops: Research, Development,
Economics. Portland, Oregon: Timber Press. xxii + 560
p. See p. 159-63. Symposium held 23-26 Oct. 1988 at
Indianapolis, Indiana. [10 ref]
• Summary: Perhaps the best brief history seen on the
origin and dissemination of the soybean, its introduction
to America, and the reasons for its success. Contents:
Introduction. Paths of dissemination–Old World.
Paths of dissemination North America (Early Period
[1765-1859]; James Mease {1804}, Samuel Bowen aided by
Henry Yonge {1765}, Bowen makes soy sauce, Benjamin
Franklin {1770}, Thomas Nuttall {1829}, introduction
of soybeans to Illinois {1851} via Japanese in the barque
Auckland and Dr. Benjamin Franklin Edwards, John H.
Lea in Alton, Illinois {1851}, J.J. Jackson in Davenport,
Iowa {1852}, A.H. Ernst in Cincinnati, Ohio {1852},
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Commissioner of Patents, Commodore Matthew Perry’s
Expedition to Japan {1854}).
Paths of dissemination North America (Middle Period
[1878-1898]; George H. Cook and James Nielsen of New
Jersey, McBryde of Tennessee, Sturtevant of Cornell Univ.,
Brooks of Hatch, Massachusetts, Georgeson of Kansas,
Hellriegel & Wilfarth in Germany (in 1888 they showed
that legumes fix nitrogen when nodulated by a certain soil
microorganism) W.P. Brooks’ experiments in 1893 with
soybean nodulation (he “reported that soybean yields were
highest when nodules were most abundant”), USDA’s Office
of Foreign Seed and Plant Introduction).
Paths of dissemination North America (Late Period
[1907-1920]; William J. Morse, Dr. Charles V. Piper, Frank
N. Meyer, Osborne & Mendel, Garner & Allard, today’s 13
maturity groups). Success [due to the development of new
cultivars and the rise of a processing industry]. Summation.
This paper notes that in 1804 soybeans were planted
near Dubrovnik, Yugoslavia [Note: Dubrovnic has been in
Croatia since 1991]. They were “harvested, cooked, mixed
with cereal grain and then fed to chickens for increased egg
production.”
“In 1878, while in Europe, Dr. George H. Cook and
James Neilson of the New Jersey Agricultural Experiment
Station obtained soybean seed at the Bavarian Agricultural
Experiment Station and at the Vienna Exposition. The
seeds were planted at the College Farm in May 1879 and
harvested in October. The results were encouraging. This is
the first report of soybeans having been tested at a land grant
institution in the United States. Within a short time, soybean
seeds were introduced from Japan by McBryde (Tennessee),
Sturtevant (Cornell Univ., New York), Brooks, (Hatch,
Massachusetts), and Georgeson (Kansas).”
Tables: (1) USDA soybean germplasm collection and
number of strains in each group, 1988. The groups and
number of strains are:
Public cultivars 454
FC and PI strains 11,133
Genetic types (T-lines) 113
Genetic isolines 457
Wild soybeans (G. soja) 678
Perennial Glycine species 522
The article is dedicated to the memory of the author’s
friend and colleague Prof. dr. Bogdan Belic [pronounced
BEL-itch], Novi Sad, Yugoslavia.
Note: Dr. Hymowitz, in a letter to William Shurtleff of
Soyfoods Center dated 22 Dec. 1984, states: “A colleague
of mine [Belic], while meandering through a library in a
monastery in Yugoslavia, came across an early 1800s citation
of soybeans in that area. Apparently the beans were brought
to the Zagreb area by a ship captain from China.”
Talk with Ted Hymowitz. 1993. April 25. Ted has a
copy of the 1804 document by Buconjic that mentions
soybeans being planted near Dubrovnik. It was sent to him

by his friend and colleague Prof. Dr. Bogdan Belic of Novi
Sad, Croatia, Yugoslavia. Dr. Belic, who knew that Ted was
interested in the early history of the soybean, photocopied
the document and translated that portion which dealt with
the soybean. Ted does not have an 1826 article by Simic
that cites the 1804 document by Buconjic. Address: Dep. of
Agronomy, Univ. of Illinois, Urbana, Illinois.
2652. Pearcy, Robert W.; Seemann, Jeffrey R. 1990.
Photosynthetic induction state of leaves in a soybean canopy
in relation to light regulation of ribulose-1 -5-bisphosphate
carboxylase and stomatal conductance. Plant Physiology
94(2):628-33. Oct. [27 ref]
• Summary: “Photosynthetic induction state, stomatal
conductance and light regulation of ribulose-1,5bisphosphate carboxylase (rubisco) were examined for
leaves in a mature, closed soybean... canopy (leaf area
index approximately 5) with the objective to determine the
extent to which these factors may be limiting the capacity to
respond to light transients during sunflecks. When sampled
along a vertical gradient, leaves near the bottom of the
canopy had lower rubisco contents and chlorophyll a/b ratios
as compared with upper leaves.” Address: 1. Dep. of Botany,
Univ. of California, Davis, CA; 2. Dep. of Biochemistry,
Univ. of Nevada, Reno, NV.
2653. Takats, Stephen T. 1990. Early autoregulation of
symbiotic root nodulation in soybeans. Plant Physiology
94(3):865-69. Nov. [23 ref]
• Summary: “Autoregulation of symbiotic root nodulation
in soybean seedlings (Glycine max L. Merrill cv Pride
216) was studied following double inoculation of primary
roots with Bradyrhizobium japonicum 110. When the
second inoculation was given 10 or 17 hours after the first,
the nodulation in the first-inoculated region of the root
was suppressed.” Address: Biology Dep., Temple Univ.,
Philadelphia, Pennsylvania 19122.
2654. Elmore, R.W. 1990. Soybean cultivar response to
tillage systems and planting date. Agronomy Journal 82:6973. *
2655. Abdullaev, M.A.; Gyulaliev, T.D. 1990. [Effect of high
rates of mineral fertilizers on the uptake of 90Sr and 137
Cs in the yield of various crops]. Izvestiia Akademii Nauk
Azerbaidzhanskoi SSR, Biologicheskie Nauki No. 6. p. 58-61.
[Rus]*
• Summary: Data are given for soybean, chickpeas (Cicer
arietinum), and barley (Hordeum vulgare). Address:
Scientific Research Institute for Agriculture, Baku,
Azerbaijan.
2656. Dathe, Wilfried; Lopez, R.; Schonborn, H.J.;
Sembdner, G. 1990. Regulación hormonal del desarollo del
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fruto en la soya [Hormonal regulation of fruit development
in soybeans]. In: 1990. 25 Años de Colaboracion Cientifico
Tecnica Cuba–RDA 1965-1990. Santiago de las Vegas,
Cuba: INIFAT. 56 p. See p. 37-43. [35 ref. Spa; ger; eng]
• Summary: The growth regulators abscisic acid (ABA),
jasmonic acid (JA) and the gibberellins GA1 and GA8 were
identified in the developing soybean seed. ABA seems to
be involved in control of senescence in the pericarp, and in
phloem discharge within the tests in the seed. Mixtures of
gibberellic acid (GA3) and salicylic acid were found to be
very effective in stimulating grain yield in the soybean. This
effect is mainly caused by an increase in fruit set resulting in
an increased number of pods at harvest. The increase in yield
varied from 5% to 20%. Address: Institut fuer Biochemie der
Pflanzen, Halle, Germany.
2657. Egli, D.B.; TeKrony, D.M.; Wiralaga, R.A. 1990.
Effect of soybean seed vigor and size on seedling growth. J.
of Seed Technology 14(1):1-12. [27 ref]
• Summary: “Abstract: Soybean... seed vigor can affect
yield either indirectly by influencing plant populations or
more directly by affecting plant growth.” Address: Dep. of
Agronomy, Kentucky Agric. Exp. Station, Lexington.
2658. Heywood, Christine A.; Heywood, Vernon H.;
Jackson, Peter Wyse. comps. 1990. International directory of
botanical gardens V. 5th ed. Koenigstein, Germany: Koeltz
Scientific Books. 1021 p. Index. 25 cm.
• Summary: The Directory is stored on a database at the
Botanic Gardens Conservation Secretariat (Descanso House,
199 Kew Road, Richmond, Surrey TW9 3BW, UK) and will
be available for updating.
In Coimbra, Portugal (for example), the botanical
garden is: Jardim Botanico da Universidade, Acres de
Jardim, P-3049 Coimbra, Portugal. Status: University. Date
of foundation: 1774. Area: 14 hectares. Taxa in collection:
6,000. Seed list: Annual. Herbarium: 1 million specimens.
Address: Richmond, Surrey, UK.
2659. Li, S.T. comp. 1990. Ben-tsao gong-mu [Bencao
gangmu] [Chinese botanical encyclopedia]. Taipei, Taiwan:
Great Taipei Publishing Co. [Chi]
• Summary: For information about soy, see the original
Bencao Gangmu by Li Shizen (1596).
2660. Maesen, L.J.G. van der; Somaatmadja, Sadikin. eds.
1990. Plant resources of South-East Asia 1: Pulses. ESCAP
CGPRT Centre, Jalan Merdeka 99, Bogor, Indonesia. 105 p.
Originally published at Wageningen, the Netherlands, 1989.
Index of scientific plant names. Index of vernacular plant
names. 25 cm. [57* ref]
• Summary: This publication deals with pulses currently
being used and those whose role could be expanded in
South-East Asia. Pulses are defined here as the dry edible

seeds of legumes, which are members of the family
Leguminosae.
Contents: Editors and contributors. Prosea project
personnel. Foreword. Introduction. Definition of pulses.
Role. Botany: Taxonomy and wild relatives, morphology,
growth and development. Ecology: Climates, soils.
Agronomy: Place of pulses in cropping systems, sowing
practices, management. Breeding and genetic resources.
Prospects. Alphabetical [by scientific name] treatment
of species: groundnut, pigeon pea, chickpea, soya bean,
lablab (Lablab purpureus), grass pea, lentil, horse gram,
tepary bean, runner bean, lima bean, common bean, pea,
faba bean, moth bean, adzuki bean (Vigna angularis), a re
(Vigna dalzelliana), black gram (Vigna mungo), mungbean
(Vigna radiata), bambara groundnut [Voandzeia subterranea
(L.) Thouras var. subterranea], rice bean and cowpea.
Information on minor pulses. Legumes only occasionally
used as a pulse. Literature [bibliography]. Glossary
[extensive explanation of the terms used]. Acronyms of
organizations. Acknowledgements. Sources of illustrations.
The Prosea project.
The section on soya bean (p. 43-47) was written by
S. Shanmugasundaram & Sumarno, under the following
headings: Synonyms. Vernacular names. Origin and
geographic distribution. Uses. Production and international
trade. Properties. Description. Growth and development.
Other botanical information. Ecology. Propagation.
Husbandry. Diseases and pests. Harvesting. Yield. Handling
after harvest. Genetic resources. Breeding (including
wild soybeans and perennial Glycine species). Prospects.
Literature.
“Prosea, short for ‘Plant Resources of South-East Asia,’
is an international project focused on South-East Asia.
Its purpose is to make available the wealth of dispersed
knowledge of plant resources for education, extension,
research and industry through an illustrated multivolume
handbook.”
Note: As of 1995 the spelling of Bambara/Bambarra has
apparently not been standardized. The AGRICOLA database
shows the following number of records containing various
spellings: Bambara groundnut 40, Bambarra groundnut
23, Bambara groundnuts 5, Bambarra groundnuts 2. The
plant’s scientific name is now Vigna subterranea. Address:
1. Netherlands; 2. Coordinator for Legume Crops, Central
Research Inst. for Food Crops (CRIFC), Bogor, Indonesia.
2661. Giller, Yu. E. 1991. UV-B effects on the development
of photosynthetic apparatus, growth and productivity of
higher plants. In: Impact of Global Climatic Changes on
Photosynthesis and Plant Productivity: Proceedings (of the
Indo-US Workshop. 1991. New Delhi, India): Oxford & IBH
Publishing Co. Pvt. Ltd. See p. 77-93. Held 8-12 Jan. 1991 at
New Delhi, India. See p. 77-93. [34 ref. Eng]
• Summary: In field experiments at Dushanbe, cotton and
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soybeans were exposed to UV-B radiation from 10:00 to
16:00 local time (6 hours). The yields of the two crops
decreased 23% and 20% respectively. Soybeans are
particularly sensitive to UV-B radiation. Address: Inst. of
Plant Physiology and Biophysics of the Academy of Sciences
of Tajik SSR, Dushanbe [Tajikistan] USSR.
2662. Lossouarn, A. 1991. Projet F.I.D.A. Selection et
multiplication de semences: Rapport trimestriel no. 2.
Période du 1er Octobre au 31 Déecembre 1990 [FIDA
project. Breeding and seed production: Quarterly report no. 2
(1 October–31 December 1990)]. Paris: BDPA-SCETAGRI.
68 p. Jan. 30. Source: CIRAD (BDPA-C14508) Diffusion
restricted. [Fre]
• Summary: The Mesquita food crop center in Sao Tome
and Principe has been growing vegetables on 100 ha since
1981. After half of the arable land was privatized, the center
redirected its efforts toward research and seed production.
In 1990 they introduced selected varieties of soybeans and
maize.
Pages 11-12 state: “Soya: 12 varieties that originated
in Brazil. 2 ‘unknown’ varieties from Mesquita. Quantity
of each variety: About 500 gm. Planted in 2 parcels
sequentially. The first at the Mesquita center (altitude 100
meters), and the second at Monte-Café (900 meters). Good
development in general... Test for: thermoperiodism–at
temperatures below 6-8ºC, interactions, such as of rain and
temperature, photoperiodism–sunshine exposure less than
at Monte-Café, fog, mist, clouds, haze, etc. Results are
expected at the end of March for Mesquita, and at the start
of April for the parcel at Monte-Café.” Annex VIII gives
the protocol for conducting soybean trials (written in both
French and Portuguese).
Note 1. This is the earliest document seen (March
2021) concerning soybeans in Sao Tome and Principe, or
the cultivation of soybeans in Sao Tome and Principe. This
document contains the earliest date seen for soybeans in
Sao Tome and Principe, or the cultivation of soybeans in
Sao Tome and Principe (1990). The source of most of these
soybeans is Brazil.
Note 2. At the top of the title page of this report is
written: Republica Democratica de Sao Tome e Principe,
Ministerio da Agricultura e Pescas, Centre National
Agricole Pour la Recherche, Appliquee et la Vulgarisation
(C.N.A.R.A.V.).
Note 3. At the bottom of the title page is written: BDPASCETAGRI (the publisher of this report), headquarters
at 27 rue Louis Vicat, 75738 Paris Cedex 15, France.
Phone: (1) 46 38 34 75/76. BDPA stands for Bureau pour
le Développement de la Production Agricole. SCETAGRI
stands for Société Centrale d’Equipement de Territoire du
Secteur Agricole.
Letter (fax) from Sandrine Vigner, Documentaliste at
BDPA-SCETAGRI. 1995. Jan. 11. The Mesquita Food Crop

Center is now named Centre de Développement des Cultures
Alimentaires Recherche appliquée et Vulgarisation Mesquita.
For information, write the Ministerio de Agriculturai
Desarollo Rural, B.P. 47, Sao Tome e Principe. Address:
Paris, France.
2663. Tsukamoto, Joe. 1991. Soybeans in the Yukon
Territory and in Manitoba, Canada (Interview). SoyaScan
Notes. March 22. Conducted by William Shurtleff of
Soyfoods Center.
• Summary: Mr. Tsukamoto was the last director of the
Whitehorse Experimental Farm (also called the Agricultural
Research Station at Haines Junction, and Mile 10-19
Research Station (on the Alaska Highway); previously called
Whitehorse Experimental Substation). This organization
no longer exists. He was there for about 13 years, then
he left for Manitoba when the Farm was closed by the
government in about 1967. In about 1983 the Yukon
Territorial Government government had just declared
agriculture an industry, and they wanted to become self
sufficient in perishable, goods, livestock, etc. So they asked
him if he would come back from Manitoba to take charge
of agricultural work. Since he had other obligations at the
time, he recommended Dick Filteau (from Texas), who had
just retired and who had extensive experience in this field.
Filteau was hired by the Yukon Territorial Government as
an advisor on a contract basis; he arrived there in 1983.
Using daylength-insensitive soybean varieties provided by
Joe, Filteau conducted soybean variety trials at 4-6 locations
in the Yukon Territory for 2-3 years to see if they could be
used as a protein supplement in livestock feeds. A summary
of the results was tabulated and is probably available from
the Director, Department of Agriculture, Yukon Territorial
Government, in Whitehorse. Some of the plants grew well,
especially in areas like Dawson City away from the ice
sheets; near the ice sheets frost was the major problem. He
thinks that soybeans are not presently being grown now in
the Yukon Territory.
Joe doubts that soybeans have ever been tested by
a government organization in the Northwest Territories;
agriculture may not be declared an industry there.
Concerning soybeans in Manitoba, he was director of
the soybean program in that province. The first daylengthsensitive varieties (Altona, and Portage) were tested in
Manitoba in about 1961. These were developed by the
pioneer, Dr. Baldur Stefansson, who also started the canola
program and became world renowned in the latter field.
The first daylength-insensitive varieties, Maple Presto and
Maple Ridge, were also developed under this program,
and introduced in about 1982 and 1985 respectively. They
originated from Finnish varieties [sic, actually Swedish
varieties from Dr. Sven Holmberg, especially Fiskeby V,
according to Dr. Harvey Voldeng], probably developed by
Dr. Harvey Voldeng at Ottawa. He is “the” federal soybean
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breeder in Canada.
The difference between daylength-sensitive and
insensitive is that if you plant the insensitive one early in the
spring, it will flower early, whereas the insensitive one, no
matter when you plant it, will flower at a certain time of year
(determined by the balance of light and dark hours).
In the early 1980s a peak of roughly 16,000 acres
of soybeans were grown in south-central Manitoba. The
government promoted the crop, then canola was given a
premium price and soybean acreage began to decline. Today
about 1,000 acres of daylength-insensitive soybean varieties
are still grown in Manitoba, mostly for seed that is sold to
North Dakota and Minnesota. The seed of these daylengthinsensitive varieties is superior to the Maturity Group 0 or I
varieties grown in the United States.
Joe was formerly an agronomist with the Manitoba
Department of Agriculture, Brandon, Manitoba. His mandate
was to investigate alternative crops. He retired about 1 month
ago. Prior to that he worked for many years to develop
about 6 lines of small-seeded natto varieties for export to
Japan. He worked with a Japanese merchant and the Japan
Natto Association. They are now being tested in Japan for
commercial acceptance. Address: 32 19th St., Brandon,
MAN, R7B 1K2, Canada. Phone: 204-727-5243.
2664. Dakora, Felix D.; Appleby, C.A.; Atkins, C.A. 1991.
Effect of pO2 on the formation and status of leghemoglobin
in nodules of cowpea and soybean. Plant Physiology
95(3):723-30. March. [30 ref]
• Summary: “At the extremes of sub- and supra-ambient
pO2, the levels of leghemoglobin (Lb) in nodules were
reduced. However, neither the proportional composition of
Lb component proteins (eight in soybean, three in cowpea)
nor their oxidation state was affected by pO2.” Address:
1&3. Botany Dep., Univ. of Western Australia, Nedlands WA
6009, Australia.
2665. Orf, J.H.; Lambert, J.W.; Kennedy, B.W. 1991.
Registration of Proto soybean. Crop Science 31(2):486.
March/April. [5 ref]
• Summary: The Proto soybean (Registration no. CV-275,
PI 542,769) was developed at the Minnesota Agricultural
Experiment Station. It was released on 15 Feb. 1989 as
a “special purpose high-protein cultivar for use in the
production of tofu and other products requiring very high
protein content.” Proto is of maturity Group 0, about 2 days
earlier than Evans. The seeds are dull yellow with buff hila.
Proto contains 45.6% protein and 16.5% oil. Breeder seed
will be maintained by the Minnesota Agric. Exp. Station.
Work supported in part by grants from the Minnesota
Soybean Research and Promotion Council, and the
Minnesota Seed Producers and Promotion Assoc.
Note: This is the earliest document seen (July 2013) that
mentions the soybeans variety Proto. Address: 1-2. Dep. of

Agronomy and Plant Genetics; 3. Dep. of Plant Pathology.
All: Univ. of Minnesota, St. Paul, MN 55108.
2666. Filteau, Dick. 1991. Growing soybeans in the Yukon
Territory, Canada (Interview). SoyaScan Notes. April 11-12.
Conducted by William Shurtleff of Soyfoods Center.
• Summary: Dick first planted soybeans (the Maple Presto
and Maple Ridge varieties), in May 1985 in the Yukon
Territory. He obtained these soybeans from Joe Tsukamoto of
Brandon, Manitoba. Joe was the last director of the research
station at Haines Junction in the southwest Yukon until it was
closed in 1968. The tests were such a failure and he did not
try them again in 1986 or afterwards. As far as he knows,
these were the first soybeans ever grown in the Yukon.
He feels the two main reasons for the failure were the
cold and the photoperiod. The extended daylight did not
allow the soybeans to get enough sleep. They need a certain
number of hours of darkness each day. From mid-May to
mid-July there are 20 hours of daylight each day. The plants
grew but most did not bloom, and what few pods there were
did not contain seeds. The crucifera (cabbage family) and
turnips grow like crazy under these conditions, yielding
world records for size.
He is quite sure that soybeans have never been grown
in the Northwest Territories. He has not heard of them being
grown on Prince Edward Island (PEI), which exports mainly
potatoes and is called “spud island.” If soybeans were grown,
it would be on a small scale. To check, contact the PEI
Department of Agriculture, or see the Agricultural Institute of
Canada (AIC) Directory; this is a professional organization
for the institutes of agrologists in each of the provinces; its
head offices are in Ottawa.
The basic land situation in the Yukon is that the
Canadian federal government controls 99.9% of the land.
The federal government can release land to the territory,
which can then lease or sell it. A block transfer of land
usually takes place from the federal government to the
territorial government. Only about 27,000 people now live in
the entire territory. There is relatively little private ownership
of land, except by homeowners in the city of Whitehorse.
There has not yet been a resolution to land claim problems
with the native Indians. The Yukon’s main agricultural crops
are grass (used as feed/hay for the 2,000+ horses), sod (used
as grass for lawns around homes, mainly in Whitehorse),
and vegetables (often grown under plastic covers or in
greenhouses). Not much grain is grown, except for a little
barley. Address: Lot 58, 2801 East Harrison, Harlington,
Texas 78550. Phone: 512-421-4586.
2667. MacLeod, John A. 1991. The history and rapid rise
of soybeans on Prince Edward Island, Canada (Interview).
SoyaScan Notes. April 12. Conducted by William Shurtleff
of Soyfoods Center.
• Summary: John, whose main interest is in soils, arrived
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at his present work on Prince Edward Island (PEI) in the
fall of 1971. He has been told (but has never been able to
verify it) that during the 1930s or 1940s a little soybean
evaluation was conducted on PEI. The station librarian
may be able to find something published on this. He is
quite sure that soybeans arrived on PEI in the early 1970s.
The testing of early varieties at that time was conducted by
J. Brian Sanderson; he would have written up the results
which would have been published in the Station’s Research
Summary. John has never heard of soybeans being grown in
the Northwest Territories. In 1978 soybeans first started to
be grown commercially on PEI; it was a cooperative project
involving three private farmers and the experiment station.
The crop did well and was used for seed to grow a bigger
crop the next year.
A new era for soybeans in the Canadian Maritime
Provinces began in the 1970s when Mr. Jerry Smeltzer,
who was working at the Kentville research station in Nova
Scotia, evaluated some varieties developed/bred by Dr.
Harvey Voldeng, Canada’s leading soybean breeder at the
Agricultural Canada Central Experimental Farm, Ottawa,
Ontario, Canada. Mr. Smeltzer has retired and is living in
Kentville.
The big change in the soybean situation has been in the
last 5-10 years with the introduction of some early varieties
that have cold tolerance. The first promising variety was
Maple Presto, which was very early maturing but a little
low yielding. From that they learned that tolerance to cold
was more important than earliness. New varieties, which
are much better than Maple Presto and Maple Ridge, have
taken soybeans from a “nothing crop” on PEI five years ago
to an extremely important expanding acreage crop today.
About 6,000 acres of soybeans were grown on PEI last
year. The new varieties are Maple Isle and Maple Amber
(developed by Dr. Voldeng), KG-20 (from King Grain),
Baron, and Bicentennial (from the breeding program at Univ.
of Guelph). Production guides for soybeans in the Atlantic
Region, a soybean production bulletin, and a general crop
production guide have been published. Statistics Canada
still does not recognize soybeans as a crop here, so there are
no good statistics, but there are estimates. These should be
available at his station’s library. 1985 was a very good year,
and 1990 was even better. The soybeans are harvested as
seed with a standard grain combine (using a different flexible
header), roasted (for non-ruminants), then ground, mixed
with minerals, and fed to livestock, mainly hogs, together
mainly with barley. The arrival of the roaster played a major
role in helping the crop to grow. Soybeans are not hogged
down because the beans ripen too late in the fall and the hogs
are all housed.
Note: R.K. Downey, head of the Oilseeds Section,
Agriculture Canada Research Station, Saskatoon,
Saskatchewan, notes that Prince Edward Island has a very
desirable climate and is a highly sought after summer resort

area. The soils are very fertile and deep. Soybeans have not
become a larger crop there mainly because of the difficulty
of transporting a small amount of seed to a crusher or a
major livestock market. Address: Research Scientist, Soils &
Crops, Agriculture Canada, Charlottetown Research Station,
P.O. Box 1210, Charlottetown, PE C1A 7MB, Canada.
Phone: 902-566-6848.
2668. Messina, Mark; Barnes, Stephen. 1991. The role of soy
products in reducing risk of cancer: Commentary. J. of the
National Cancer Institute 83(8):541-46. April 17. [83 ref]
• Summary: Contents: Introduction. Isoflavones in cancer
prevention. Protease inhibitors. Phytosterols and saponins.
Inositol hexaphosphate [phytic acid]. Phytochemical
variation. Isoflavones in plant physiology. Soybean
processing. Discussion.
This is the report of a workshop held June 26-27,
1990, at the Guest Quarters Hotel in Bethesda, Maryland.
Workshop members were Donna Baird, National Institute
of Environmental Health Sciences, Research Triangle Park,
North Carolina; Stephen Barnes, University of Alabama at
Birmingham, Birmingham, Alabama; David L. Brandon,
Western Regional Research Center, USDA, Albany,
California; James A. Duke, Agricultural Research Service,
USDA, Beltsville, Maryland; Ernst Graf, The Pillsbury
Co., Minneapolis, Minnesota; Ann R. Kennedy, University
of Pennsylvania Medical School, Philadelphia; Renee M.
Kosslak, Iowa State University, Ames; Irvin E. Liener,
University of Minnesota, St. Paul; Mark Messina, National
Cancer Institute, Bethesda, Maryland; Frank L. Meyskens,
University of California, Irvine, California; A. Venket Rao,
University of Toronto, Ontario, Canada; Kenneth D.R.
Setchell, Children’s Hospital, Cincinnati, Ohio; Bernie F.
Szuhaj, Central Soya, Fort Wayne, Indiana.
“Since the initial recognition that diet plays a role in
the etiology of certain cancers, particularly cancers of the
breast and colon, considerable progress has been made in
identifying dietary patterns associated with cancer risk.
There is general agreement that a high-fat, low-fiber diet,
like that consumed by much of the industrialized world,
increases cancer risk and that plant-based diets, rich in whole
grains, legumes, and fruits and vegetables, are protective...
“The recent workshop on The Role of Soy Products
in Cancer Prevention, sponsored by the National Cancer
Institute, had two objectives: (1) to evaluate the role of
soybeans, food products derived from soybeans, and specific
components of soybeans in the dietary prevention of cancer
and (2) to recommend research initiatives and approaches
for further studies of the effect of soy intake on human
cancer risk. The meeting was chaired by Stephen Barnes and
organized by Mark Messina.”
Concerning isoflavones in cancer prevention: “Setchell
concluded his presentation with a reminder (a) that all
weak estrogens also have antiestrogenic activity; (b) that
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tamoxifen, which has been used therapeutically for breast
cancer, is structurally related to some of the phytoestrogens;
and (c) that vegetarians, who may have a lower risk of
certain cancers, excrete higher levels of phytoestrogens.”
Mentions “soy molasses, a concentrate of the aqueous
alcohol extract of soy flour” (p. 542).
Concerning phytosterols and saponins: “A. Venket Rao
presented evidence for the reduction of colon cancer by
phytosterols and saponins. Both substances are common
constituents of plants, but the concentration in soybeans is
particularly high... Rao said that while nutritional interest in
phytosterols and saponins has focused on their cholesterollowering properties, some data suggest that these compounds
may be anticarcinogens.
“Ernst Graf discussed the rationale for the hypothesis
in which inositol 1,2,3,4,5,6- hexaphosphate (IP6), not fiber,
is postulated to be responsible for the inverse correlation
between the incidence of colon cancer and the consumption
of fiber-rich foods. Soybeans are an especially rich source,
containing about 1.4% on a dry weight basis. This compound
is well known to inhibit mineral absorption. It forms tight
chelates with a variety of polyvalent metals such as calcium,
zinc, and iron.” However Graf noted that the ability to bind
metal ions, particularly iron, may provide the basis for the
anticarcinogenic effects of this compound. The iron may be
a key factor, via the Haber-Weiss reaction, in the production
of hydroxyl radicals, which are postulated to play a role in
causing some cancers.
James Duke discussed phytochemical variation
in soybeans, noting that the isoflavone content varies
tremendously according to the plant part, variety, year
harvested, and geographic location. In addition, as much as
fivefold variation was found among different phenolic acids
in soybeans, many of which have also been investigated as
potential anticarcinogens.
Renee Kosslak noted that isoflavones play a role in
plant physiology and survival. The isoflavones daidzein
and genistein are the major inducers of the nodulation
genes in Bradyrhizobium bacteria, which form nodules on
soybeans. Kosslak suggested that if future research shows
isoflavones and/or phytoestrogens to be important dietary
factors in cancer prevention and if the demand for soyfoods
materializes, it may be possible to manipulate levels of these
compounds in soybeans, using root fluorescence as a marker.
“The consensus of the meeting was that there are
sufficient data to justify studying the impact of soybean
intake on cancer risk in humans. There were three workshop
recommendations. First, future dietary studies involving
soybeans should be carried out using soy products rather
than isolated compounds, since soybeans appear to contain
several potential anticarcinogens... Second, standardized
and improved analytical methods are needed so that the
contents of all soy-based materials employed in soybean
research, whether soybean fractions or soy products, can

be accurately described. This methodology will allow for
valid comparisons among studies. Third, basic research on
the absorption, metabolism, and physiology of potential
anticarcinogens in humans should be conducted. This
research will likely help to determine the clinical relevancy
of these compounds and to provide a basis for selecting
specific soy products for use in future dietary studies.”
Note 1. This is the earliest English-language document
seen (April 2005) that contains the term “soy molasses.”
Letter (e-mail) from Daniel Chajuss. 2004. April 15. The
soy molasses used in this experiment was obtained from
Central Soya, many years after Central Soya bought the soy
protein concentrate and soy molasses plant from Aarhus
Oliefabrik A/S, Aarhus, Denmark–a plant that Hayes General
Engineering had designed and had given a license to use to
Aarhus Oliefabriek together with the name “soy molasses.”
Letter (e-mail) from Mark Messina. 2005. April 18. Stephen
Barnes was the source of the term “soy molasses” in this
paper, not Mark.
Note 2. This is the earliest document seen (Feb.
2018) that contains the word “phytochemical” (or
“phytochemicals”).
2018 Feb. 5 letter (e-mail) from Mark Messina. “I
just searched PubMed and you see articles mentioning
phytochemicals in the 1950s. This term never made any
sense nutritionally. I think phytochemical was a term the
plant scientists used for decades, like the term secondary
metabolites. That word started to be used in nutrition circles
in the late 1980s to refer to biologically active non-nutrient
compounds in plants, like the glucosinolates in cruciferous
vegetables. Before that, nutritionists only focused on
fiber and nutrients. But of course caffeine is a well known
phytochemical. I think a more interesting word related to this
whole new way of thinking is nutraceutical. I believe that
word was coined by Stephen L. DeFelice.”
Note 1. As of Feb. 2021–according to Google Scholar–
this is Mark Messina’s 2nd most widely cited paper, cited in
898 publications.
Note 2. This is the earliest document seen (Feb. 2021)
that contains the word “nutraceutical” in connection with
soy. Address: 1. PhD, Diet and Cancer Branch, Div. of
Cancer Prevention and Control, National Cancer Inst.,
9000 Rockville Pike, Bldg. EPN–Room 212C, Bethesda,
Maryland 20892; 2. PhD, Univ. of Alabama at Birmingham,
Birmingham, Alabama. Phone: 301-496-8573.
2669. Israel, D.W. 1991. Biochemical and physiological
regulation of nitrogen metabolism in soybeans. In: Richard
F. Wilson, ed. 1991. Designing Value-Added Soybeans for
Markets of the Future. vi + 135 p. See p. 69-79. [25 ref]
• Summary: “Abstract: Nitrate or atmospheric nitrogen
may serve as the nitrogen source for protein synthesis
in soybean seed. These compounds are assimilated and
transported in the plant by different processes. Nitrite is
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reduced to ammonia in root tissues or in leaves by action
of two reductases. Atmospheric nitrogen is converted to
ammonia by nitrogenases in root nodules. Ammonia from
either nitrate or nitrogen gas is assimilated into amino
acids which are transported throughout the plant for protein
synthesis. Glutamine and asparagine account for 75% of
the nitrogen transported as amino acid. These substrates
for protein synthesis may be transported directly to seed or
indirectly via mobilization of nitrogen from protein stored
in vegetative tissues. Although seed protein accumulation
is supported equally well by nitrogen from nitrate or
atmospheric nitrogen, genetic differences among soybean
cultivars effect the contribution of each nitrogen source to
seed protein synthesis. In addition, differences in symbiotic
nitrogen-fixation efficiency among strains of Bradyrhizobium
japonicum also influence nitrogen accumulation in
reproductive tissues. Therefore, a knowledge base on how
nitrogen metabolism is affected by interactions between plant
cultivar, microsymbiont strain and environmental factors
is fundamentally important for breeding efforts to enhance
protein content of soybean.” Address: USDA Agricultural
Research Service, Raleigh, North Carolina 27695.
2670. Kwanyuen, P. 1991. Protein synthesis and composition
in high-protein soybean germplasm. In: Richard F. Wilson,
ed. 1991. Designing Value-Added Soybeans for Markets of
the Future. vi + 135 p. See p. 80-90. [23 ref]
• Summary: “Abstract: A wide range of genetic variability
for percent protein exists among accessions of the Soybean
Germplasm Collection. However, the biochemical basis
for genetic regulation of protein concentration in soybean
is unknown. In an attempt to establish such information,
an assessment of protein synthesis was conducted with
genotypes from two different soybean populations
selected for high-protein content. This work has revealed
that genotypic differences in protein synthetic capacity
contributed to the expression of the trait. These data
suggested that higher protein concentration may be effected
through either increased protein synthetic capacity or
through loss of oil synthetic capacity without effect on
protein synthetic capacity. The mechanism of action resident
in the selected genotypes depended upon traits inherent in
the parental lines chosen to initiate the respective breeding
populations. In addition, genotypic effects also were exerted
upon the composition of the storage protein in these highprotein germplasm. These changes influenced the levels
of methionine and cysteine in 11S and 7S proteins. Such
information may be useful not only in the identification
of breeding lines for enhancement of total seed protein
concentration; but also in the development of strategies to
increase the nutritional value of soybean meal.” Address:
USDA Agricultural Research Service, Raleigh, North
Carolina 27695.

2671. Lumpkin, Thomas A.; Konovsky, John. 1991. A
critical analysis of vegetable soybean production, demand,
and research in Japan. In: S. Shanmugasundaram, ed. 1991.
Vegetable Soybean: Research Needs for Production and
Quality Improvement. Taipei, Taiwan: Asian Vegetable
Research and Development Center (AVRDC). 151 p. See p.
120-40. Proceedings of a workshop held at Kenting, Taiwan
29 April–2 May 1991. [187 ref]
• Summary: Contains the best bibliography of Japaneselanguage documents about edamame seen to date, found and
compiled mostly by Konovsky.
Contents: Abstract. Introduction (and history). Trends
in production and demand. Trends in research: Agronomy,
biochemistry and plant physiology, breeding and germplasm,
harvesting and processing, statistics and marketing, plant
pathology. Research information. Apparent research needs:
Agronomy, biochemistry and plant physiology, breeding
and germplasm, harvesting and processing, plant pathology.
Conclusion. Acknowledgments.
Early references to immature soybeans (nama daizu,
later aomame) appear in the 8th century A.D., when it is
described as one of the sacred food offerings used in Shinsen,
mentioned in the record book of a royal treasure house
called the Shosoin in the capital city of Nara*. Aomame
is mentioned in the Engishiki, a guide to the conduct of
government and religious affairs, published in 927 A.D.
[Heian period] (Igata 1977). Later, in 1697, cultivation
methods for vegetable soybeans were published in the book
Nogaku Zensho [A Complete Book of Farming].
“In Japan, the earliest forms of immature vegetable
soybeans were called eda-nari-mame (branch-fruiting-bean)
or azemame (rice-bund bean)* and were probably not well
distinguished by the characteristic sweet, savory flavor of
current edamame until the Kamakura period (1192-1336)
or later, when they became part of Buddhist cuisine. By the
middle Edo period, vegetable soybean harvest had advanced
from October to August and farmers’ wives began selling
boiled stems with attached pods on the streets of Edo (early
Tokyo), particularly during the Festival of the Dead (Obon)
in August. At that time, vegetable soybean began being used
as it is today, i.e. as a snack food, hors d’oeuvre, or appetizer,
usually with alcohol consumption, which explains one of
its English nicknames: Beer Bean. (* Source: K. Yamauchi.
1990. “Travels to Study Riddles: Edamame” Nozogaku no
Tabi: Edamame. July 27. TV Mook, NTV/YTV, Japan. Note:
Shinsen is ritual preparation of food to purify the body).
“The dramatic increase in affluence and beer
consumption following the Meiji Restoration in 1868 can
be partially attributed to a large-scale import of European
technology, including German technology for beer
production. The culture which centered around drinking and
snacking expanded, creating a strong demand for vegetable
soybeans. The saltiness of the beans is thought to be the
perfect complement to beer. The increase in vegetable
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soybean consumption resulted in it gaining the attention of
agricultural and food scientists, and the development of over
400 varieties. Vegetable soybean has now become so distinct
from soybeans in the minds of urban consumers that most do
not recognize it as the same species as soybeans.
“Demand for vegetable soybean in Japan is thought to
have evolved through four phases in society, in addition to its
routine use by farm families. The first was a sacred offering
to the Kami during the Nara period (Shinsen), the second
as a food for religious purification during the Kamakura
period (Shojin Ryori), the third as popular street fare among
the Samurai during the Edo period, and the fourth, after the
Meiji Restoration in 1868, when it became the most popular
accompaniment for beer. Figure 1, a graph, shows that the
meteoric rise in vegetable soybean consumption closely
parallels the increase in beer consumption in Japan because
of the complementary nature of the saltiness of the vegetable
soybeans and the taste of beer.”
“The second major impetus to vegetable soybean
production was the spread of refrigeration, first to the
commercial sector, especially to bars and beer gardens in the
post-war period, and later to the residential sector in the late
1960s and early 1970s when household refrigerators became
widely used. The commercial sector currently uses about
65% of frozen vegetable soybean, while the residential sector
uses about 35%. The year-round consumption of vegetable
soybean has increased in line with the growing popularity of
frozen foods in general.
“A current major impetus to the use of frozen vegetable
soybean is the changing role of women in Japan. More than
half of all Japanese women are now employed outside of the
home, and are thus becoming more unwilling and unable
to prepare elaborate meals from basic ingredients... Frozen
vegetable soybean is thought to have been marketed in Japan
after World War II, but large-scale distribution did not begin
until 1965, about the same time the Ministry of Agriculture,
Forestry, and Fisheries began keeping formal production
statistics for vegetable soybean. Production in Taiwan
began around 1966, when several large, Japanese trading
companies introduced it as an export crop, and exports to
Japan began around 1972.”
Fig. 2, a bar chart (p. 123), shows vegetable soybean
area, production (of pods), and yield in Japan from 1946 to
1988. Total production in Japan gradually increased from
30,100 tonnes in 1946 to a peak of 121,900 tonnes in 1982,
after which it declined slowly to 105,000 tonnes in 1988.
Yields were highest in 1969, reaching almost 10 tonnes/ha,
then steadily dropped, falling to 7.3 tonnes/ha in 1988.
Fig. 3 is a chart titled “Pedigrees of popular vegetable
soybean varieties currently grown in Japan” (p. 126). Early
ancestors include: Wase-midori, Tsurunoko, Osodefuri
[Sodefuri]. Detailed information on each variety is given in
the text.
Research needed on harvesting and processing: “The

most difficult problem facing growers is knowing when to
harvest vegetable soybean... Second, to control production
costs, methods of mechanically harvesting vegetable soybean
need to be refined. If harvesters can be developed that do
not drop, bruise, or break pods, the technology can replace
expensive hand labor” (p. 130).
Note: This paper contains the best bibliography seen
of Japanese-language publications on edamame. The
Acknowledgments section (p. 130) states: “Most of the
following bibliography [187 references] was collected and
the articles translated while John Konovsky was a Fulbright
Fellow at Iwate University in 1990; special thanks go to Dr.
N. Kaizuma at Iwate University for his guidance.” Address:
East Asian Crop Development Program, Dep. of Crop and
Soil Sciences, Washington State Univ., Pullman, WA 991646420.
2672. Conkling, B.L.; Blanchar, R.W.; Niblack, T.L. 1991.
Effects of foliar and soil acidity on the rhizosphere pH of
alfalfa, corn, and soybean. J. of Environmental Quality
20(2):381-86. April/June. [25 ref]
• Summary: The acidity of rainfall and its effects on soil and
plants is a growing concern.
Note: It is not clear whether or not these soybeans were
grown in Nevada. Address: 1. Environmental Resource
Center, Univ. of Nevada; 2. School of Natural Resources,
Univ. of Missouri, Columbia, MO; 3. Dep. of Plant
Pathology, Univ. of Missouri, Columbia, MO.
2673. Jockovic, D.J.; Vidic, M.; Hrustic, Milica; Vranes,
S. 1991. Soybean breeding at the Institute of Field and
Vegetable Crops in Novi Sad. Eurosoya No. 7/8. p. 20-26.
June. [11 ref]
• Summary: The principal target of the breeding program is
the development of new, high-yielding varieties of maturity
groups 0, I, and II. “There are separate programs for early
varieties, maturity groups 00 and 000, and for high-protein
varieties. Approximately 250 cross combinations are made
annually. About 5,000 lines are tested in small- and largeplot trials each year. Nineteen varieties have been developed
so far. The Institute’s soybean varieties NS-6, NS-9, NS-10,
NS-16 and Kolubara are grown on a significant acreage in
Yugoslavia.” The variety Kolubara is the best performer with
the yield of 5.14 tonnes/ha. Yugoslav soybean production
of about 240,000 tonnes in 1987 cannot meet the country’s
demand. Address: Faculty of Agriculture, Inst. of Field and
Vegetable Crops, Novi Sad, Yugoslavia.
2674. Tanasch, Laila; Gretzmacher, R. 1991. Influence
of photoperiod and temperature on flower induction of
soybeans. Eurosoya No. 7/8. p. 10-15. June. [26 ref]
• Summary: “Under controlled climatic conditions using
two growth chambers at the ‘Grossenzersdorf Research
Station’, Lower-Austria (48ºN Latitude), four different
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soybean varieties: Fiskeby, McCall, Evans and Elf beside
three breeder lines S-6/81, S-17/81 and S-14/81 were reared
up under 14, 16 and 18 hours daily light combined with
different day/night temperatures to investigate the nature of
flower induction in these types and their reaction to different
thermo- and photoperiods. The temperatures applied in this
piece of work correspond with 15, 20, 25 and 30ºC for day
temperature which was decreased by 5º for the night.
“The early maturing varieties blossomed earlier
than the late ones under all mentioned circumstances.
With the increase of day-temperature from 15º to 20ºC
the development of the plants under consideration was
drastically hastened. The trend of development was then
lessened with the increase of temperature above 20º
day/15ºC night. The depressing effect of the 18 hours light
treatment on the development of late maturing varieties
could not be compensated through increasing the temperature
to 25º/20º or 30º/25ºC. This may be due to the interaction
of physiological traits and its effect on the development of
flower induction.” Address: Inst. of Agronomy and Plant
Breeding, Univ. of Agriculture, Gregor Mendel-Strasse 33,
A-1180, Vienna, Austria.
2675. Crowell, Dring N.; Amasino, Richard M. 1991.
Nucleotide sequence of an iron superoxide dismutase
complementary DNA from soybean. Plant Physiology
96(4):1393-94. Aug. [7 ref]
• Summary: The nucleotide sequence is given. Iron
superoxide dismutase (FeSOD) is an enzyme found in
soybean leaves. The authors are studying several aspects
of soybean FeSOD gene expression. They are interested,
for example, in fully characterizing the induction of the
soybean FeSOD gene in response to cytokinin or auxin
starvation to determine whether this gene responds generally
to stress or specifically to phytohormones. Address: Dep.
of Biochemistry, College of Agricultural and Life Sciences,
Univ. of Wisconsin-Madison, Madison, Wisconsin 53706.
2676. Wu, S.; Harper, J.E. 1991. Dinitrogen fixation potential
and yield of hypernodulating soybean mutants: a field
evaluation. Crop Science 31(5):1233-40. Sept/Oct. [21 ref]
• Summary: “Nitrate appears to be the primary factor
controlling N2 fixation by soybean in the U.S. Midwest
(11). Initiation of N2 fixation is delayed if residual soil N is
available (10).”
“The results indicate that these hypernodulating mutants
are currently inferior to Williams from an agronomic
standpoint.” Address: 1. Dep. of Agronomy; 2. USDA-ARS,
Plant Physiology and Genetics Research, Univ. of Illinois,
1201 W. Gregory, Urbana, IL 61801.
2677. Leviton, Richard. 1991. The duke of herbs [Dr. James
A. Duke of USDA]. East West. Sept/Oct. p. 66-72, 74, 76.
• Summary: Dr. James A. Duke, age 62, of the USDA, has

been finding scientific validation for botanical remedies for
25 years. He is one of the country’s leading experts on the
medicinal uses of plants. The author of ten botanical manuals
and 200 scientific papers, he is both an ethnobotanist (who
combs the anthropological literature of native peoples for
clues about traditional plant uses) and an economic botanist
(who finds new ways to use plants profitably). His unique
computerized database of plants with medicinal qualities
(these plants are called phytomedicals; the database is
called Father Nature’s Farmacy or FNF) contains more than
20,000 records. His job, officially, is to assess marginal
economic plants for their phytochemistry and potential
benefits for U.S. agriculture. He owns a personal 6-acre
Herbal Vineyard, 20 miles southwest of Baltimore, where
he conserves and cultivates phytomedicals. He advocates
solving the problem of global warming from the greenhouse
effect by reforestation of 100 million acres with medicinal,
pesticidal, and energy-producing crop plants. They would tie
up enough carbon dioxide to halt its increase and retard or
nullify greenhouse warming. 2,000 million acres in oil palms
could provide us with enough oil (50 billion barrels), which,
if properly converted to diesel fuel, could satisfy the world’s
energy needs renewably. When petroleum hits $50 a barrel,
plant-derived fuel alcohol will become competitive.
Born in 1929 near Birmingham, Alabama into a “very
poor” farm family, he soon became a self-taught botanist.
Since that time, his favorite retreat has been the woods. He
earned his PhD from the Univ. of North Carolina at Chapel
Hill, was drafted into the Army, then worked for 3 years at
the Missouri botanical gardens, where he immersed himself
in the tropical ethnobotany of Peru and Panama. In 1963
the USDA hired Duke to study the tropical plants of Puerto
Rico. Starting in 1965 he lived for 30 months in Panama,
living with the native people, eating their plants and taking
their medicines. From 1977-82 he worked for the National
Cancer Institute (NCI) studying botanical cancer cures. He
is married and his office is right across the street from the
USDA National Agricultural Library in Beltsville, Maryland.
Why don’t pharmaceutical companies sell more natural
medicinal plant compounds? Because they cannot be
patented and made proprietary; they belong to the people.
“I lament that our government has abandoned the herbal
alternatives for the pharmaceutical firms and their synthetics.
I urge our government to sponsor research into safer,
cheaper, natural herbal alternatives,” Duke wrote in 1987.
“The wave of the future in medicine should be prevention.”
The NCI now has an exciting program to prevent cancer;
they will be telling people about such chemopreventives as
estrogenic compounds in soybeans.
Dr. Duke’s address: USDA Germplasm Services
Lab., ARS [Agricultural Research Service] B-001 R-133,
Beltsville, Maryland 20705. Phone: 301-344-4419.
Four different color photos show Jim Duke with plants.
Address: 111 Lake Shore Drive / Goshen, RR 1, Box 322B,
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Williamsburg, Massachusetts 01096.
2678. Gupta, G.; Belal, M.H.; Abdel-Reheem,
S. 1991. Photosynthesis inhibition of soybean
leaves by insecticides. Environmental Pollution
74:245-50. *
Address: Maryland.
2679. Lejeune-Henaut, I. 1991. Étude du
comportement de deux variétés de soja dans
le Nord de la France. Influence de la densité
[Study of the behaviour of two soybean
varieties in the north of France. Comparison
between semi-determinate and indeterminate
types and effects of plant population density].
Agronomie (France) 11:659-67. [16 ref. Fre;
eng]
• Summary: “The behaviour of 2 soybean
varieties of maturity group 000 was studied
in the north of France in 1988 and 1989 under
field conditions.” These 2 varieties differ in
their growth habit: indeterminate (Sito) and
semi-determinate (Fiskeby). This experiment
was conducted on populations of 40, 80 and
120 plants per square meter. At 40 and 80
plants per square meter, Sito grain production
is more important than that of Fiskeby. Under
these conditions, grain yield is positively
related to maximum vegetative dry weight (fig
3). The 80 plant per square meter population
allows a higher grain yield than the 40, by
producing more vegetative dry weight on
the same area basis. At 120 plants per square
meter the semi-determinate variety Fiskeby
shows a higher grain yield than Sito. At this
density, maximum vegetative dry weight and
harvest index are the same for both genotypes
(fig 3, tables III, IV) and cannot explain the
yield difference. Reasons for this behaviour
have to be investigated at the level of the
canopy’s capacity for assimilate production
and translocation. Address: INRA laboratoire
de génétique et de amélioration des plantes, 80200 EstreesMons, France.
2680. Giller, Ken E.; Wilson, Kate J. 1991. Nitrogen fixation
in tropical cropping systems. 1st ed. Wallingford, England:
CABI Publ. xii + 313 p. Illust. Index. 24 cm. 2nd ed. 2001.
3rd ed. 2011. [1019 ref]
• Summary: A superb book, which clearly explains the
complexities of biological nitrogen fixation and has a
excellent, comprehensive and clear bibliography.
Contents: Preface. Acknowledgements. Abbreviations
Part I: Introduction. 1. Tropical Environments: Climates,

Soils and Cropping Systems. 2. Nitrogen-fixing Organisms
in the Tropics. 3. The Process of Nitrogen-fixation. 4.
Assessment of the Role of Nitrogen-fixation.
Part II: Tropical Crops and Cropping Systems. 5.
Cereal Crops and Grasses: Free-living and Root Associated
Nitrogen-fixing Bacteria. 6. Wetland Rice: Cyanobacteria,
Azolla and Green Manures. 7. Grain Legumes. 8. Pasture
Improvement: Introduction of Legumes. 9. Plantation Crops:
Understorey Legumes and Shade Trees. 11. Agroforestry:
Nitrogen-fixing Trees in Integrated Agriculture.
Part III: Optimizing Nitrogen-fixation. 12.
Environmental Constraints to Nitrogen-fixation. 13. Past
Approaches: Successes and Failures: Inoculation with
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Rhizobia, Selection of Rhizobial Strains, Improvement of
Legumes for N2-fixation, Conclusions. 14. Future Benefits:
An Ecological Approach to Agriculture. List of Common
Names. List of Botanical Names.
Soybeans comprise only a small, but important, part
of this book. They are listed in the index under Soyabean
Glycine max as follows:
amounts of nitrogen fixed 128-129
breeding 84, 130-132, 134, 236
centre of diversity 120, 122
inoculation 130-132, 220-223
nitrogen transport 75, 77
residual effects 98, 167, 168, 172, 175
rhizobia 31, 32, 56, 230
stresses 201-204, 210, 215
uses 118, 121-122, 174.
In the chapter on “Grain Legumes,” one section titled
“Glycine” (p. 122-23) discusses the soybean. The USA,
China, Brazil and Argentina account for 90-95% of world
soybean production. The soybean was domesticated in China
where its wild counterpart Glycine soja (Sieb. & Zucc.)
can still be found. Some taxonomists consider this to be
the same species as the domesticated soybean, Glycine max
(Smartt 1990). Other wild Glycine species can be found in
Southeast Asia and Australia. A wide range of photoperiodic
responses appear in cultivated soybeans with some varieties
being insensitive to daylength. Classification of varieties
developed in the USA are based on their growth habit and
days to maturity, but this classification is not applicable to
the tropics. Soyabeans are processed to make a wide variety
of human foods such as bean curd (tofu), soymilk, soy flour,
and tempeh.
“Soyabean is nodulated by Bradyrhizobium japonicum
(note that the distinction between B. japonicum and other
Bradyrhizobium strains is not clear) and also by the fastgrowing Rhizobium fredii (see Chapter 2).”
Page 130: “Need for inoculation:... Inoculation is... most
likely to be necessary when legumes are introduced into new
regions, although the need for inoculation will of course be
conditioned by the requirements of the introduced legume for
its own specific strains of rhizobia. If the introduced legume
crop can nodulate effectively with rhizobia which are present
in the soil in sufficient numbers then inoculation may not be
necessary. The contrasting requirements of grain legumes
for inoculation with rhizobia can best be examined by
comparing the examples of soyabean, which often requires
inoculation and cowpea which has rarely been found to
respond to inoculation.
“The Soyabean Story: Soyabean was domesticated in
China and has been grown traditionally in many parts of
South-east Asia. The crop was first grown in North America
in the eighteenth century but production has increased since
the early part of this century to the extent that soyabean is
now the most important grain legume crop in North America

(Smith and Huyser, 1987). Soyabean is a relatively specific
host and does not nodulate when grown in the field for the
first time in many parts of Africa, the Americas. Europe and
some parts of Asia. Yields of soyabean in North America
were poor until soil containing compatible rhizobia was
introduced from Japan (Allen and Allen, 1981). Thus
soyabean crops routinely respond well to inoculation and
a substantial soyabean inoculum production industry has
grown up, particularly in Brazil and the USA (Eaglesham,
1989).
“However, the story is by no means so simple! In the
centre of diversity of soyabean and in countries of Southeast Asia, where the crop has been grown for centuries,
soyabean usually nodulates without inoculation. Strains
of Bradyrhizobium isolated from nodules of other legume
hosts, such as cowpea, grown in the same soils, can also
nodulate the local soyabean genotypes effectively. When
the nodulation of soyabean genotypes from North America
and from Asia was compared in the field in Tanzania, many
of the Asian varieties nodulated effectively with indigenous
strains of Bradyrhizobium whilst nodulation of the North
American varieties was poor (Chowdhury, 1977). Asian
varieties also nodulated well in the field in Nigeria whilst
American varieties formed very few nodules (Nangju, 1980).
The American varieties probably show restricted nodulation
for two reasons: first, the genetic base from which they
have been bred is limited; second, only a limited range of
inoculant strains of B. japonicum were introduced leading to
increased cultivar-strain specificity.
“Inoculation of the varieties of Asian origin seldom
increased yields in the field in Africa although yields of
American varieties were more than doubled in most cases
(Pulver et al., 1982). On the basis of these results, a breeding
programme was initiated at IITA in Nigeria to re-introduce
the ability to nodulate with indigenous strains of rhizobia
into the American varieties, as they had far greater yield
potential (Kueneman et al., 1984). The programme was
based on selection of progeny from crosses between Asian
and American varieties with good nodulation in local soils
(using visual scores for nodule mass), and was partially
successful. As a result a number of [soyabean] varieties have
been released in Africa which nodulate without inoculation
in soils not previously cropped with soyabeans. But few
nodules form and the nodules are widely distributed over
the root system rather than clustered around the tap root–
the situation characteristic of small (less than 100 cells per
g of soil) populations of compatible rhizobia. Moreover,
these ‘promiscuously nodulating’ soyabeans are not in fact
nodulated by the same rhizobia as cowpea when grown in
the same soil (Bromfield and Roughley, 1980; Eaglesham,
1985) and hence their nodulation can be very poor even
in soils where cowpeas of the same age are abundantly
nodulated (Eaglesham, 1989). If ‘promiscuously nodulating’
soyabeans are inoculated, yields are sometimes increased,
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at least in the first season, indicating again that the initial
nodulation with indigenous bacteria is poor in comparison
to the plant’s capacity for nodulation (Ranga Rao et al.,
1985). It is possible that over a few seasons the number of
compatible bacteria may increase in response to the presence
of the host, at least where soil conditions are favourable. But,
as Eaglesham (1989) has indicated, it may be safer to rely
on effective inoculant strains than to breed for the ability to
nodulate with indigenous strains of unknown potential. A
case of `better the devil you know’!
“There are reports of a more successful African
soyabean breeding programme, although it is not well
documented. Two genotypes (Magoye and Hernon 147)
were released as a result of a Zambian breeding programme
(Javaheri and Joshi, 1987); they nodulate abundantly without
inoculation and yield well in the first season of growth and
thus have been readily adopted by smallholders in Zambia
and Malawi (S. Carr, personal communication).
“In the USA, by contrast, exactly the opposite approach
has been adopted, namely that of breeding for highly-specific
nodulation. In North America, strains of Bradyrhizobium
japonicum serogroup USDA 123 are prevalent in many
soils, and are highly competitive in nodulation with the
improved American soyabeans (Moawad et al., 1984; Zdor
and Pueppke, 1988). Unfortunately, serogroup USDA 123
is less effective in symbiosis with most American soyabean
cultivars than other B. japonicum strains now present in the
soils or used in inoculants (Caldwell and Vest, 1970). To
enable establishment of more effective soyabean symbioses,
therefore, attempts have been made to breed cultivars that
specifically exclude the less effective serogroup USDA 123
from nodulation (Cregan and Keyser, 1986; see Chapter 13).
[Reprinted with permission of CAB International].
Maize yield gains are largely due to increased soil N
availability following soybean cultivation.
Page 118: Chapter 7: Grain legumes. “Strictly speaking,
grain legumes are those from which the seed is used directly
for human consumption. Legume grain provides a proteinrich source of food which is an essential part of the diet in
many parts of the tropics, particularly where meat is scarce.”
Address: 1. Dep. of Biochemistry and Biological Sciences,
Wye College, Univ. of London, Wye, Ashford, Kent TN25
5AH, UK; 2. Dep. of Microbiology, Wageningen Agricultural
Univ., 6703 CT Wageningen, The Netherlands.
2681. Hymowitz, T.; Bernard, R.L. 1991. Origin of the
soybean and germplasm introduction and development in
North America. In: H.L. Shands and L.E. Wiesner, eds. 19911992. Use of Plant Introductions in Cultivar Development:
Proceedings of a symposium sponsored by Division C-1 of
the Crop Science Society of America in Las Vegas, Nevada,
19 Oct. 1989. 2 vols. Part 1. CSSA Special Publication
Number 17. Madison, Wisconsin: Crop Science Society
of America (CSSA). 164 p. See p. 147-64. Chap. 9. Crop

Science Society of America Special Publication No. 17. [34
ref]
• Summary: Contents: Introduction. Origin of the genus
glycine. Origin of the soybean. Introduction of the soybean
to North America (by Samuel Bowen in 1765). Experiment
stations and technology. Introduced soybean germplasm.
Cultivar development. Glycine soja. Wild perennial glycine
species.
“The genus Glycine Willd is divided into two subgenera,
Glycine and Soja (Moench) F.J. Herm. The subgenus
Glycine contains 15 wild perennial species (Singh et al.,
1988; Tindale and Craven, 1988). Thirteen of the species [G.
albicans Tind. and Craven, G. arenaria Tind., G. curvata
Tind., G. canescens F.J. Herm., G. clandestina Wendl.,
G. curvata Tind., G. cyrtoloba Tind., G. falcata Benth.,
G. hirticaulis Tind. and Craven, G. lactovirens Tind. and
Craven, G. latifolia (Benth.) Newell and Hymowitz, G.
latrobeana (Meissn.) Benth. and G. microphylla (Benth.)
Tind.] are indigenous to Australia. All carry 2n = 40
chromosomes (diploid) except for G. hirticaulis which is
tetraploid, 2n = 80.
“Glycine tabacina (Labill.) Benth. with 2n = 40 or 80
chromosomes, has been found in Australia, Taiwan, south
Pacific Islands (New Caledonia, Fiji, Tonga, Vanuatu, Niue)
and west central Pacific Islands (Mariana, Ryukyu). All
accessions of G. tabacina collected outside of Australia are
tetraploid (2n = 80) and even within Australia, tetraploids
predominate over diploid forms. Glycine tomentella Hayata
has been found in Australia (2n = 38, 40, 78, or 80), Papua
New Guinea (2n = 40, 78 or 80), Indonesia (2n = 80),
Philippines (2n = 80), and Taiwan (2n = 80). Singh et al.
(1987, 1989) demonstrated that the complexes of G. tabacina
and G. tomentella evolved through allopolyploidization in
Australia.”
“The soybean was first introduced to North America
in 1765 by Samuel Bowen, a seaman employed by the
East India Company. Bowen brought soybean from China
via London to Greenwich, his residence in the province of
Georgia. Situated a few kilometers east of Savannah, the 180
ha of Greenwich (now a cemetery) became the center of his
farming and manufacturing enterprises.
“By the late 1850s, soybean was evaluated for forage
potential by many farmers throughout the USA (Hymowitz,
1987). However, the scientific approach for evaluating the
crop had to wait until the emergence of the agricultural
experiment stations at land grant institutions during the latter
part of the nineteenth century.”
Table 9-1 (p. 154-57) shows “Ancestral cultivars and
their occurrence in pedigrees of U.S.- Canadian publicly
developed grain-type soybean cultivars (excluding
backcross-developed isolines covered in Table 3). Part A
of this table is a summary by maturity group and part B is
a summary by decade of release. Each part is divided into
number of descendant cultivars, northern ancestors, southern
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ancestors, ancestors chosen for pest resistance, other, and
number of ancestral cultivars. The ten most important
northern ancestors (in descending order of importance with
the number of occurrences in pedigrees in parentheses) are:
Mandarin (143), Manchu (121), Richland (119), A.K. (108),
Dunfield (83), Mukden (73), No. 171 (30), Pakota (27), L371355 (25), and Manitoba Brown (14). The 13 most important
southern ancestors are: CNS (118), Tokyo (109), PI54610
(108), S-100 (82), Roanoke (42), Haberlandt (40), Arksoy
(40), Palmetto (34), Biloxi (9), PI 60406 (7), Otootan (7),
Laredo (4), Mammoth Yellow (5).
Table 9-2 (p. 158-59) shows the “Origins of major
ancestral cultivars of the 221 cultivars developed at public
institutions in the USA and Canada.” For each cultivar
is given: Descendant cultivars, maturity group, year of
introduction, country and locality of origin, and original
cultivar name.
Table 9-3 (p. 161) shows “Sources of genes backcrossed
into domestic public soybean cultivars.” The named varieties
are Kanro, Mukden, Arksoy, Higan, Kingwa, and CNS. All 8
of the most important northern cultivars originated in China.
Of the 12 most important southern cultivars, 9 originated
in China, 2 in Korea, and 2 or 3 in Japan. Address: Univ. of
Illinois, Urbana, Illinois.

Soyfoods Center in Dec. 1998. On it he wrote a “v” to the
left of the following varieties, which he believes to be a
large-seeded vegetable-type soybeans: Agate, Aoda, Bansei,
Bansei [Ames, Iowa], Chusei, Easycook, Emperor, Etum,
Fuji, Funk Delicious, Giant Green, Goku, Green and Black,
Hahto, Hahto [Michigan], Higan, Hokkaido, Imperial,
Jefferson, Jogun, Jogun [Ames, Iowa], Kanum [probably
1941-47], Kura, Osaya, Rokusun, Sac, Sanga, Sato, Shiro,
Sousei, Tastee, Toku, Tortoise Egg, Waseda, Wolverine.
Address: Univ. of Illinois, Urbana, Illinois.

2682. Vieira, R.D.; TeKrony, D.M.; Egli, D.B. 1991. Effect
of drought stress on soybean seed germination and vigor. J.
of Seed Technology 15(1):12-21. [18 ref]
• Summary: “Environmental stress during seed development
my influence soybean... seed quality... Although the most
severe drought stress treatment reduced seed weight and
yield substantially (34% and 38%, respectively) it had little
or no effect on seed quality.” Address: 1. Dep. de Fitotecnia,
Univ. Estadual Paulista FCAV, 14870, Jaboticabal, SP,
Brazil; 2-3. Dep. of Agronomy, Univ. of Kentucky,
Lexington, KY 40456.

2684. University of Illinois, Dep. of Agronomy. 1992.
USDA Soybean Germplasm Collection: Private varieties
(United States and Canada). Urbana, Illinois. 1 p. Jan. 21.
Unpublished typescript. 28 cm.
• Summary: Lists 28 public soybean varieties that are
currently in the USDA Germplasm Collection. For each
variety is given: Year the variety was licensed or released.
Maturity group. Code letters for the following: Stem
termination (indeterminate, semi-determinate, determinate;
all but one are indeterminate), flower color (purple or white),
pubescence color (tawny, light tawny, or gray), pubescence
form (erect, appressed, or semi-appressed), pubescence
density (normal, sparse, semi-sparse, or semi-dense), pod
color (black, brown, or tan), seed coat luster (dull, shiny,
intermediate, or bloom), seed coat color (yellow, green,
gray, black, brown, reddish brown, tan, imperfect black,
or buff; may have prefix light or dark), hylum color (same
abbreviations as seed coat), and other unique characteristics.
Across the top of page 1 is a horizontal table. In the top
row are 13 maturity groups from 000 to X. In the second row
are the number of varieties belonging to each maturity group,
plus the total (28).
Note: One variety, Patterson Jade (1973) is a largeseeded vegetable-type soybean. Address: Univ. of Illinois,
Urbana, Illinois.

2683. University of Illinois, Dep. of Agronomy. 1992.
USDA Soybean Germplasm Collection: Introduced and old
domestic varieties of the United States and Canada. Urbana,
Illinois. 2 p. Jan. 21. Unpublished typescript. 28 cm.
• Summary: Lists 202 old domestic soybean varieties that
are currently in the USDA Germplasm Collection. For each
variety is given: Country of origin. Maturity group. Code
letters for the following: Stem termination (indeterminate,
semi-determinate, determinate), flower color, pubescence
color, pubescence form, pubescence density, pod color, seed
coat luster, seed coat color, hylum color, and other unique
characteristics.
Across the top of page 1 is a horizontal table. In the top
row are 13 maturity groups from 000 to X. In the second row
are the number of varieties belonging to each maturity group,
plus the total (202).
Note: Dr. Richard Bernard sent this document to

2685. Mohamed, Ali I.; Rangappa, M. 1992. Screening
soybean (grain and vegetable) genotypes for nutrients and
anti-nutritional factors. Plant Foods for Human Nutrition
42(1):87-96. Jan. [42 ref]
• Summary: Fifty six genotypes of grain-type soybean
and 17 genotypes of vegetable-type soybean collections
were analyzed for protein and oil content, trypsin inhibitor,
and lipoxygenase activities. Tables 1-3 shows the content
of protein and oil, and trypsin inhibitor and lipoxygenase
activity for grain-type soybeans from maturity groups VI,
VII, and VIII, respectively. The mean protein level for the
three groups is 42.32%, 41.56%, and 42.56% respectively,
while the mean oil level is 19.95%, 19.94%, and 17.43%
respectively. Table 4 shows the same variable for 17
vegetable-type soybeans. The mean protein and oil levels
are 42.99% and 19.26%, respectively. The protein content
for the vegetable types ranged from 36.9% to 47.9%, and
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the oil content ranged from 15.2% to 23.4%. “No significant
difference was found between vegetable-type and grain-type
soybeans in protein, oil, trypsin inhibitor, and lipoxygenase
activity.”
“In soybean with high oil content, the lipoxygenase
activity is highly desired because of the effect of this enzyme
on the stability of oil and off-flavor associated with soymeal.
In vegetable-type soybeans, which are generally eaten as
green immature seed, the presence of lipoxygenase does not
affect the nutritional quality and/or the flavor.
“In conclusion, the wide variations in protein, oil,
trypsin inhibitor, and lipoxygenase activity indicate that it is
possible to breed for low anti-nutritional factors, and high
protein and oil content, in both vegetable and grain-type
soybeans.” Address: Cooperative State Research Service
(CSRS), Virginia State Univ., P.O. Box 285, Petersburg, VA
23803.
2686. Shurtleff, William; Aoyagi, Akiko. comps. 1992.
Bibliography of the soybean plant: Nomenclature,
physiology, morphology, botany, taxonomy, and wild
soybeans, with 1,266 references from 1100 B.C. to 1991,
extensively annotated. Lafayette, California: Soyfoods
Center. 352 p. Subject/geographical index. Author/company
index. Language index. Printed 24 Nov. 1991. 28 cm. [1266
ref]
• Summary: This is the most comprehensive bibliography on
the soybean plant ever published. Its scope includes soybean
nomenclature and etymology, physiology, morphology,
botany, taxonomy, wild soybeans, and wild glycine species
closely related to the soybean. It is also the single most
current and useful source of information on this subject
available today, since 72% of all references (and most of
the current ones) contain a summary/abstract averaging 206
words in length.
This is one of more than 40 bibliographies on soybeans
and soyfoods being compiled by William Shurtleff and Akiko
Aoyagi, and published by the Soyfoods Center. It is based
on historical principles, listing all known documents and
commercial products in chronological order. It features: 24
different document types, both published and unpublished,
every known foreign language publication on the subject,
extensive translations of many Japanese and European
works, and many original interviews Thus it is a powerful
tool for understanding the development of this subject and
related products from its earliest beginnings to the present,
worldwide.
Compiled one record at a time over a period of 17 years,
each reference in this bibliography features (in addition to
the typical author, date, title, volume and pages information)
the author’s address, number of references cited, original
title of all non-English publications together with an English
translation, month and issue of publication, and the first
author’s first name (if given).

Details on how to use the bibliography, a complete
subject and geographical index, an author/company
index, a language index, and a bibliometric analysis of
the composition of the book (by decade, document type,
language, leading periodicals or patents, leading countries,
states, and related subjects, plus a histogram by year) are
also included. Address: Soyfoods Center, P.O. Box 234,
Lafayette, California 94549. Phone: 510-283-2991.
2687. Coble, Claudia J.; Sprau, G.L.; Nelson, R.L.; et
al. 1992. Evaluation of the USDA soybean germplasm
collection: Maturity groups 000 to IV (PI 490.765 to PI
507.573). USDA Technical Bulletin No. 1802. 61 p. Feb.
• Summary: Contents: Introduction. Maturity groups 000
to 0: Tables: (1.1) Identification and origin information for
USDA soybean germplasm in maturity groups 000 to 0,
PI 490.756 to PI 507.573: PI Number, foreign collection
number, country of acquisition, country of origin, year
introduced or released, maturity group. (2.1) Descriptive
data for USDA soybean germplasm in maturity groups 000
to 0, PI 490.756 to PI 507.573: Entry (variety name or PI
number), maturity group, stem termination (determinate,
indeterminate, semi-determinate), shattering (only for those
grown in Illinois; early or late), flower color, pubescence
(color, form, density), pod color, seedcoat (luster, color
{buff, black, black hilum with brown outer ring, brown, gray,
green, greenish brown, imperfect black, reddish brown, tan,
yellow}), hilum color (same choices as seed color), other
traits (seed, leaf, plant). (3.1) Agronomic data for USDA
soybean germplasm in maturity groups 000 to 0, PI 490.756
to PI 507.573, grown at St. Paul, Minnesota: Entry, flowering
(days after May 31), maturity (days after May 31), lodging
(score), height (cm), seed (quality score, mottling score,
weight {100 gm/seed}, yield {1000 kg/ha at 13% moisture}).
(4.1) Seed composition data for USDA soybean germplasm
in maturity groups 000 to 0, PI 490.756 to PI 507.573,
grown at St. Paul, Minnesota: Entry, maturity group, seed
composition (protein %, oil %), oil composition [fatty acids]
(palmitic %, stearic %, oleic %, linoleic %, linolenic %,
other %).
Maturity groups I to IV: The tables are identical in
format to those above except that the soybeans were grown
at Urbana, Illinois. Address: 1. Agronomist; 2. Agricultural
research technician; 3. Supervisory research geneticist. All:
USDA-ARS.
2688. Gundlach, Heidrun; Müller, M.J.; Kutchan, T.M.;
Zenk, M.H. 1992. Jasmonic acid is a signal transducer
in elicitor-induced plant cell cultures. Proceedings of the
National Academy of Sciences, USA 89(6):2389-93. March.
[33 ref]
• Summary: “Abstract: To deter pathogenic microorganisms
and herbivores, plants have developed an inducible chemical
defense system. It is known that the induced synthesis
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of low molecular weight compounds can be provoked
by exposing cultured cells to fungal cell wall fragments
[called phytoalexins]... Thirty-six plant species [including
soybean] tested in cell suspension culture could be elicited
with respect to the accumulation of secondary metabolites
by exogenously supplied methyl jasmonate...” Address:
Lehrstuhl fuer Pharmazeutische Biologie, Universitaet
München, Karlstrasse 29, D-8000 Munich 2, Federal
Republic of Germany [West Germany].
2689. Smiciklas, K.D.; Mullen, R.E.; Carlson, R.E.; Knapp,
A.D. 1992. Soybean seed quality response to drought stress
and pod position. Agronomy Journal 84(2):166-70. March/
April. [25 ref]
• Summary: “The results indicate that variable seed quality
resulting from drought stress can be attributed to the timing
of stress and pod position on the plant.” Address: 1. Dep. of
Agriculture, Illinois State Univ., Normal, Illinois 61761.
2690. Sage, Linda C. 1992. Pigment of the imagination: a
history of phytochrome research. San Diego, California:
Academic Press. xx + 562 p. Illust. Index. 24 cm [100+* ref]
• Summary: From the publisher: “Pigment of the
Imagination chronicles the story of phytochrome, the
bright-blue photoreversible pigment through which plants
constantly monitor the quality and presence of light.
The book begins with work that led to the discovery of
phytochrome and ends with the latest findings in gene
regulation and expression. The phytochrome story provides
a paradigm for the process of scientific discovery. This
book should thus be of interest to scientists who work on
phytochrome and related subjects in plant science, as well
as to all scientists and science historians interested in how a
scientific research field begins, develops, and matures. Key
Features and Benefits:
“Documents the science and history of phytochrome
research over an 80-year span
“Marks the fortieth anniversary of the most crucial
observation–that a photoreversible pigment controls seed
germination, flowering, and many other plant responses
“Describes in scholarly and readable style an elegant
example of biological discovery
“Combines information from scientific literature,
archival documents, and in-person interviews
“Accessible to researchers and students in all areas of
science and history of science
The word “soybean” is mentioned on pages 9, 54, 383,
42, 40, 189, 373, 451, 7, 37, 40, 41, 43, 47, 64, 90, 133, 188,
550, 6, 36, 48, 49, 51, 53, 55, 68. 88. 89, 96, 164, 196, 298,
381, 393, 556, and 562.
The word “soybeans” is mentioned on pages 7, 53, 6, 8,
9, 47, and 54.
In the index, the main entries are under Glycine max
which has two sub-entries: (1) Photoperiodic response: p.

6-9, 41-43, 47, 188. (2) Row orientation and development. p.
383. Address: St. Louis, Missouri.
2691. Bernard, Richard L.; Nelson, R.J. 1992. Origins and
pedigrees of public soybean varieties in the United States
and Canada: 1987 to 1991–(1) Additions to Table 6; (2)
Corrections and additional information; (3) Additions to
Table 9; (4) Table updating USDA Soybean Germplasm
Collection. USDA Technical Bulletin No. 1746. 11 p. July. [1
ref]
• Summary: These four unpublished photocopied documents
are intended to update and make corrections in USDA
Technical Bulletin No. 1746, issued in Oct. 1988.
Part (1), “Additions to Table 6,” gives details about the
following new varieties: Amcor 89, Archer (Developer: Iowa
and Puerto Rico AES), Avery, Bass, Bell, Bert, Brim, Brock,
Bryan, Buckshot 723, Burlison, Camp, Canatto, Chapman,
Choska, Colquitt, Conrad, Cook, Cordell, Corsica, Crockett,
Crowley, Delsoy 4210, Delsoy 4500, Delsoy 4710, Delsoy
4900, Dunbar, Edison, Elgin 87, Erie, Flyer, Glenwood,
GR8836, GR8936, Hagood, Hamilton, Hardin 91, Haroson,
Harovinton, Harper 87, Hartwig, Hayes, Hobbit 87, Howard,
HP201, HP202, HP203, HP204, Hutcheson, IA1001,
IA1002, IA1003, IA2001, IA2002, IA2003, IA2004, IA2005,
IA2007, IA2009, IA2010 (Note: IA varieties are all from
Iowa and Puerto Rico AES), IL1, IL2 (Note: IL varieties
are from the Illinois AES), Jack, Kasota, Kato, Kenwood,
Kunitz, Lamar, Leslie, Linford, Lloyd, LN83-2356, LS201,
LS301, Manokin, Maple Glen, Marcus, Merrimax, Minnatto,
Narow M, Nattawa, Nattosan, Newton, Nile, OAC Dorado,
OAC Eclipse, OAC Frontier, OAC Musca, OAC Shire, OAC
Talbot, OAC Vision (Note: OAC varieties are all from the
University of Guelph, Ontario, Canada), Padre, Pennyrile,
Perrin, Pharaoh, Proto, RCAT Alliance, RCAT Angora,
RCAT Persian (Note: RCAT varieties are from Ridgetown
College of Agricultural Technology, Ridgetown, Ontario,
Canada), Resnik, Rhodes, Sharkey, Spencer, Sprite 87, Spry,
SS201, SS202, Stonewall, Sturdy, Thomas, Twiggs, Walters.
Note: This is the earliest document seen (Aug. 1999) that
mentions the soybean variety Merrimax.
Part (2), “Corrections and additional information,”
makes corrections in Table 3, most in the pedigree
information (Improved Pelican, Lincoln, Pagoda) and Table
6 (Anoka, Acme {Canada} and Crest, Bradley, Chico,
Custer, Sloan, Swift). Also contains a page titled “Comments
on pedigrees.” “The most common error we have found is
the reversal of male and female. Since in soybean breeding
it appears to make little if any difference, the cross A x B
has sometimes been recorded B x A. Some breeders make
no distinction in their records between reciprocal crosses.
We have made some corrections but this error may still be
present in some pedigrees.”
Part (3) Additions to Table 9 gives new information
about “Registrations of 1987 to 1991 public soybean
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varieties.” The new varieties are: Amcor 89, Archer, Avery,
Bell, Bryan, Burlison, Chapman, Colquitt, Conrad, Cordell,
Crockett, Delsoy 4500, Delsoy 4900, Edison, Edison 87,
Flyer, Glenwood, GR8836, GR8936, Hamilton, Harper
87, Hayes, Hobbit 87, HP201, HP202, HP203, HP204,
Hutcheson, IL1, IL2, Jack, Kasota, Kato, Kenwood, Kunitz,
Lamar, Linford, Lloyd, LN83-2356, LS201, LS301, Marcus,
Minnatto, Newton, Padre, Pennyrile, Perrin, Proto, Resnik,
Sharkey, Spencer, Sprite 87, SS201, SS202, Stonewall,
Sturdy, Thomas, Twiggs, Walters.
For each variety is given the Registration Number
and the citation for the registration in Crop Science (year,
volume, and pages). Registration numbers above 273 carry
the prefix “CV-”. e.g., CV-274.
Additional information for varieties listed in Bulletin
1746, p. 62-67. Missing details are given for: Cartter,
CN210, CN290, Corsoy 79, Fayette, Gnome 85, Hobbit,
Hoyte, Pixie, Ripley, Sprite, TN4-86, Will, Williams 79,
Williams 82.
(4) Table updating USDA Soybean Germplasm
Collection. Vertical columns are 13 maturity groups from
000 to X, plus the total for that row. Horizontal rows are
(with totals): Pre-1945 public cultivars (202), Post-1945
public cultivars (315), Private cultivars (28), Clark isolines
(276), Harosoy isolines (119), Williams isolines (62), Other
isolines (37), Genetic types (145), Germplasm releases
(52), FC accessions (G. max) (90), PI accessions (G. max)
(11,581), PI accessions (G. soja) (1,034), Column totals. The
top 4 maturity groups in terms of number of total varieties
are: IV (3,168), V (2,195), II (1,735) and III (1,544). The
bottom 4 maturity groups in terms of number of total
varieties are: IX (159), X (163), 000 (209) and VIII (362).
Address: Univ. of Illinois. Urbana, Illinois.
2692. Anand, S.C. 1992. Registration of Delsoy 4210
soybean. Crop Science 32(5):1293. Sept/Oct. [8 ref]
• Summary: Delsoy 4210 “was developed by the Missouri
Agricultural Experiment Station and released jointly by
the Missouri, Illinois, Indiana, and Kansas agricultural
experiment stations in April 1991. This is a Maturity Group
IV cultivar selected to combine high yield with resistance to
soybean cyst nematode (SCN),... Races 3 and 14.” Address:
Dep. of Agronomy, Univ. of Missouri.
2693. Anand, S.C. 1992. Registration of ‘Hartwig’ soybean.
Crop Science 32(4):1069-70. Sept/Oct. [6 ref]
• Summary: “Hartwig is the first soybean cultivar with
resistance to all races of SCN. The variety has been named
after Dr. E.E. Hartwig, Research Agronomist, USDAARS, for his outstanding contributions to soybean cultivar
development in the USA. Hartwig is being released for
planting in Maturity Group V areas with a serious SCN
problem. It should also provide useful source of germplasm
with a broad spectrum of resistance to SCN races.

“The Missouri Agricultural Experiment Station will be
responsible for maintaining breeder seed. The seed will be
maintained as one generation each of breeder, foundation,
registered, and certified seed. Royalties of $0.50 per unit
(22.7 or 27.2 kg) sold will be collected on registered and
certified classes of seed.” Address: Dep. of Agronomy, Univ.
of Missouri, Delta Center, Portageville, MO 63763.
2694. Griffis, Gil; Wiedermann, Lars. 1992. Marketing foodquality soybeans in Japan: A manual on how to profit from
the niche market in Japan for value-added soybeans. 5th ed.
St. Louis, Missouri: United Soybean Board. 25 p. Nov. 28
cm.
• Summary: Contents: Introduction. Japan: Desired soybean
characteristics, tofu (procedure for making tofu, desired
soybean characteristics, color of hilum, seed size {the larger
the better, preferably more than 20 grams/100 beans}, color
of cotyledons, hull, composition, special notes, American
interpretation), miso (same categories of information as
tofu), natto (ditto; seed size: The smaller the better, with a
maximum of 5.5 mm diameter. Round shape is preferred
to oval in order to limit swelling during the soaking and
boiling processes), food quality soybean varieties (name or
code-name of 42 varieties, maturity zone, release year, used
to make what soyfoods), distribution channels, marketing
channels, protocol, pricing, organically-grown soybeans.
Taiwan: Introduction, list of 4 major buyers, users, and
trade associations. Korea. Southeast Asia. United States.
Appendix I. Distribution systems for soybeans used for
food in Japan: Tofu (23,000 tofu shops of which 13,000 are
members of the Tofu Association), natto, miso.
Appendix II. Food soybean imports by country of origin,
1984-1991. USA is the largest supplier (845,000 tonnes in
1991), followed by China (279,000), then Canada (28,000).
Total imports, which have stayed about constant during this
period, were 1,152,000 tonnes in 1991.
Appendix III. Distribution by usage of soybeans used
for food–1991, direct use only in tonnes (metric tons). Tofu:
607,000 tonnes total, of which 562,000 come from the USA
and Canada, 25,000 from China, and 40,000 from Japan. Up
2% from 1989.
Miso: 171,000 tonnes total, of which 38,000 come from
the USA and Canada, 121,000 from China, and 12,000 from
Japan. Up 0.5% from 1989.
Natto: 147,000 tonnes total, of which 87,000 come from
the USA and Canada, 50,000 from China, and 10,000 from
Japan. Up 9% from 1989.
Other: 39,000 tonnes total, of which 20,000 come from
the USA and Canada, none from China, and 19,000 from
Japan. Total food use of 964,000 tons is up 2% from 1989.
Source: Japanese trade newspapers and trade associations.
These figures do not include a estimated 492,000 tonnes of
soybeans used indirectly (in the form of defatted soybean
meal) for soy sauce, 222,000 tonnes used for soy protein, and
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20,000 tonnes for other indirect uses.
Appendix IV. Directory of direct importers of foodquality soybeans for each is given: Home office in Japan.
Representative office in the U.S.
Appendix V. Traders of food-quality soybeans (3
companies).
Appendix VI. Soy food organizations in Japan (tofu,
miso, soymilk, packaged tofu, natto). Appendix VII. Helpful
contacts.
Food quality soybean varieties (with maturity group
/ zone, and year released; table, p. 5): Chico (00, 1983),
Grande (0, 1976), Proto (0, 1989), Minnatto (0, 1989),
NattoKing [Nattoking] (I, 1988), Disoy (I, 1967), Vinton
(I, 1978), Vinton 81 (I, 1981), King Natto (I, 1985), Kato
(I, 1989), Magna (II, 1967), Prize (II, 1967), Marion (II,
1976), LS201 (II, 1989), Provar (II, 1969), Beeson (II, 1969),
Kanrich (III, 1956), Kim (III, 1956), LS301 (III, 1989),
Verde (III, 1967), IL2 (III, 1989; from Illinois), Hawk (III,
?), Emerald (IV, 1975), Vance (V, 1986), Camp (V, 1989),
Hartz 936X (VI, 1981), Hartz 914 (VI, 1989), Hartz 922 (VI
1989), Merrimax (?, 1986).
Note: This report was originally published in Sept. 1989,
mainly for use by the American Soybean Association office
in Tokyo. Address: 1. Division Director for Asia; 2. Country
Director for Japan. Both: American Soybean Assoc.
2695. Liu, Shaohua; Norris, D.M.; Hartwig, E.E.; Xu, M.
1992. Inducible phytoalexins in juvenile soybean genotypes
predict soybean looper resistance in the fully developed
plants (Open Access). Plant Physiology 100(3):1479-85.
Nov. [16 ref]
• Summary: “Abstract: The hypocotyl of different soybean
genotypes was tested for its inducible phytoalexin (i.e.
glyceollin or coumestrol) accumulation and its inducible
soybean looper resistance in response to chemical elicitation.
A very highly insect-resistant soybean genotype (PI 227687)
produced significantly more phytoalexins than a relatively
insect-susceptible one (Davis) in response to the same
chemical elicitation...” Address: 1,2&4. Dep. of Entomology,
Univ. of Wisconsin, Madison, Wisconsin 53706; 3.
Stoneville, Mississippi.
2696. Kolak, Ivan; Henneberg, R.; Milas, S.; Radosevic, J.;
Satovic, Z. 1992. Soybean breeding and seed production in
Croatia–Current status and perspectives. Eurosoya No. 9. p.
76-84. Dec. [31 ref]
• Summary: “Soybean seed was introduced from China by
sailors from Dubrovnik for the first time in 1800 and, the
same year it was planted in Dubrovnik, Konavle, Slano and
Ston under the name ‘Chinese yellow beans’ (p. A. Buconjic
1804 cit. according to fra. I. Simic, 1826). Soybean was
spread from Dubrovnik to the Neretva Valley (Opuzen,
Metkovic, Caplijna, Mostar) and the seeds were used for
human consumption and as poultry feed. The Franciscans

from Dubrovnik selected the best plants from crops and
the seed was sold on markets. As early as 1804 the seed
selected within soybean population was sold under the
name “Dubrovnik yellow beans” and since then individual
selection of soybean population began. During the 19th
century, by constant selection of the best and healthiest
plants, soybean production began to be based upon
domesticated and well adapted indigenous populations and
selected lines. Soybean was grown mainly in gardens and
rarely as a major crop. It was used for human consumption
and as feed for livestock.
“A planned introduction of soybean to Croatia was
initiated by the Austrian biochemist Friedrich Haberlandt
(lived 1826-1878) after the seed exhibition in Vienna in
1873. He introduced about 20 cultivars from China, Japan,
Korea, Tunisia and Transcaucasia and carried out several
multicultivar adaptation trials from Bohemia to Dubrovnik.
Unfortunately his intentions were misunderstood and
that was the main reason why soybean did not spread
significantly in Croatia at that time.
“More comprehensive work on the introduction of
soybean in Croatia was carried out by Stjepan Cmelik
in Korija near Virovitica. The lack of cattle feed in 1921
stimulated him to import several cultivars from China and
Manchuria. He tested them and selected only those plants
which reacted favourably to agroecological conditions.
In this way he started soybean selection in Croatia and
after several years the so-called ‘Cmelik’s soybean’ was
developed and largely extended over the regions of Posavina
and Slavonija region (maturity group 1). Friedrich Reiner
continued to grow ‘Cmelik’s soybean’ on his farm near
Osijek selecting the best plants and he created his own
improved cultivar named ‘Osjecka’. Between 1931 and 1934
seed yield of the cultivar ‘Osjecka’ varied from 1.6 to 2.2
tons/hectare and that was the reason why it was extended
over Podunavlje, Posavlje, Romania and Bulgaria.
“Academician Alois Tavcar brought Manchurian
soybean populations from Prague [Czechoslovakia] in 1918
and began his research work at the Faculty of Agriculture
and Forestry in Zagreb. By individual selection of the
best plants from introduced populations he released the
first domestic soybean cultivars M 7, M 14 and M 60 (M
stands for Maksimir, experimental field near the Faculty
of Agriculture in Zagreb). These cultivars had shorter
vegetation than Cmelik’s and Osjecka and were spread in the
production of the northwest region of Croatia, as well as in
Slavonia and Srijem.
“During the second world war the old genotypes were
saved. After the war more intensive soybean introduction
and breeding started in Croatia. The new young generation
of plant breeders–Tavcar’s successors–continued to work on
soybean breeding and seed production: V. Milinlkovic (19461950) and Ruzica Henneberg (1952-1953 and 1958-1992)–
Tavcar’s assistants at the Faculty of Agriculture in Zagreb;

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 827
D. Palaversic (1946-1950) at the Institute for Plant Breeding
and Crop Production in Botinec near Zagreb; M. Budisic
(1945-1970), Marija Vrataric (1970-1992) and M. Krizmanic
(1973-1978) at the Institute of Agriculture in Osijek; I. Vicic
(1960-1980), F. Satovic (1960-1980) and I. Kolak (19731987) in the Croatian Agricultural Centre in Zagreb–Sesvete.
During this period a considerable number of cultivars and
lines were released...
Note: As of Sept. 2015, Osijek is the 4th largest city in
Croatia.
“The world-wide gene-collections were established at
the Faculty of Agriculture in Zagreb–Maksimir (Milinkovic,
Henneberg), Zagreb–Botinec (Palaversic), Zagreb–Sesvete
(Satovic) and Osijek (Vrataric). In the 1950s D. Palaversic
started to work on maize breeding and the soybean genecollection from Botinec was transferred to the Faculty of
Agriculture, Zagreb–Maksimir. The same thing happened in
1987 with the gene-collection of the Croatian Agricultural
Centre when I. Kolak came to work at the Faculty of
Agriculture from the Centre. In 1982 Jasna Radosevic started
to work on the soybean breeding programme at the Faculty
of Agriculture.
“From 1950 to 1980 many introduced and domestic
cultivars were examined in a network of small-plot
multicultivar trials at various locations arranged in
conjunction with the Agricultural Extension Service.
From 1979 to 1989 the Faculty of Agriculture in Zagreb
and Institute of Agriculture in Osijek joined the European
network on soybean.”
Graph 1 shows soybean area and yield from 1947 to
1990. Prior to 1981 soybean area was less than 5,000 ha;
it reached about 5,000 ha in 1949, 1950, and 1973. During
the 1980s soybean area grew rapidly from about 2,000 ha in
1980 to 27,000 ha in 1990. Yield rose steadily from about
600 kg/ha in 1947 to 2,000 kg/ha in 1959 to 2,750 kg/ha
in 1989. Table 1 shows cultivars released in Croatia from
1804-1991, including the breeder’s name, cultivar name,
maturity group, year of release, production region, and
range of yields. The earliest variety was Chinese Yellow
Beans, Maturity Group 1, in 1804, grown in Dubrovnik and
Hercegovina.
Table 3 shows minimal and maximal yields of Croatian
soybean cultivars in small plot trials from 1980 to 1990. The
record yield of 4.5 tonnes/ha was attained by the cultivar
named Tisa at Darda in 1988.
Note: This document contains the 2nd earliest date seen
(June 2015) for soybeans in Croatia, or the cultivation of
soybeans in Croatia (1800). The source of these soybeans
was China. Address: Faculty of Agriculture, Univ. of Zagreb,
Svetosimunska 25, 41000 Zagreb, Croatia.
2697. Schori, A.; Fossati, A.; Soldati, A. 1992. Breeding
for cold tolerance in soybean: Necessity of this breeding
objective and selection method used. Eurosoya No. 9. p. 36-

37. Dec. [Eng]
• Summary: Although soybean is sensitive to cool
temperatures during different stages of its development
(emergence, vegetative and reproductive growth), only the
cold tolerance during flowering is considered a priority in
our breeding program. “In the soybean growing regions of
Switzerland, morning temperatures inferior to 12ºC occur
2 to 17 times during July. These temperatures cause an
excessive abscission of flowers on certain nodes resulting,
at maturity, in an irregular distribution of pods on the main
stem, i.e., barren or poor yielding nodes.
“A compensation of this yield loss on other nodes has
been qualified as cold tolerance by several authors. In our
program, it is rather considered to characterize sensitive
genotypes as it results from a loss of reproductive organs.
Furthermore this compensation is highly dependent on poststress conditions and often gives rise to inhomogeneous
maturity of the plant.
“To select tolerant genotypes we use an altitude
screening nursery located at 850 m above sea level. There,
average minimum temperatures in July are inferior to 12ºC
and average temperatures equal to the biological minimum
for the flowering phase of this species (17ºC). Under these
conditions, the genotypes maintaining regularly a typical
pod distribution (increasing continuously towards the middle
third and decreasing towards the top of the plant) are judged
tolerant. To be independent of the meteorological fluctuations
between years, the scoring is done relatively to the standard
tolerant variety Maple Arrow.
“This screening method results in the selection of
genotypes having enhanced yield stability.”
Note: This article was also published in Rev. Suisse
Agri. Vol. 6. 1992. With 2 figures, 2 tables and 17 references.
Address: Station Fédérale de Recherches Agronomiques de
Changins, CH 1260 Nyon, Switzerland.
2698. Vavrac, Jan; Kubova, Anna. 1992. The successes and
problems of the growing of soybeans in Czechoslovakia.
Eurosoya No. 9. p. 58-61. Dec. [Eng]
• Summary: The first attempts to introduce soybeans to
Czechoslovakia were made 100 years ago in the Southern
Slovakia region. Today the country imports 15,000 to 20,000
tons of soybeans. During the past 20 years soybean acreage
in Czechoslovakia has increased slowly; it is presently about
11,000 ha with average yields of 1.51 tons/ha. The most
progressive growers are attaining average yields of 2.07
tons/ha over several years. Some growers have even attained
yields of 3.9 tons/ha (at the agricultural cooperative of
Calovo, in 1986, using variety BS-31).
Much work on soybeans has been conducted by Dr. T.
Sinsky and his colleagues at the Research Institute of Crop
Production in Piestany. There are also teams of soybean
breeders working at Topolniky, Horni Mostenice, and
Lednice na Morave; plant physiology researchers at the

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 828
University of Agriculture in Nitra; and plant microbiology
researchers at the Research Institute of Crop Production
in Prague. The authors’ colleagues at Lomonosonova have
worked out technologies for growing soybeans on a large
scale. Guarantee of a system of growing the soybeans in
Slovakia is an agricultural cooperative name Kamenicna
situated in southwest Slovakia.
Six difficulties which affect soybean growers are listed,
including the lack of companies to process soybeans, and the
lack of a tradition of using soybeans as food. “This unwanted
situation is being changed nowadays on account of increased
interest in healthy food, vegetarianism, and macrobiotics.”
There are limited conditions for growing soybeans in
Czechoslovakia. They can be grown successfully only in the
warmest regions of southwest Slovakia, southern Moravia,
and the eastern Slovakia valley. Also discusses: The agroclimatological conditions for growing soybeans in these
areas, maturity groups, experiments at Kubova to increase
yields 20-40%, herbicides, irrigation, soybean diseases
(especially Downy mildew, plus bacterial and viral diseases).
Address: Univ. of Agriculture, Lomonosonova 2, 949 76
Nitra, Slovakia.
2699. Rosas, Juan Carlos; Young, Roberto A. 1992. El
cultivo de la soya [The cultivation of soya]. Tegucigalpa,
Honduras: Escuela Agrícola Panamericana, Departamento de
Agronomía. 60 p. Illust. 27 cm. [Spa]*
• Summary: Contents: 1. Overview: Economic importance,
chemical composition, history, taxonomy. 2. Morphology
of the soybean plant. 3. Physiology of the growth and
development of the soybean plant: Stages of development.
4. Environmental factors that affect the cultivation of soya:
Soil, water, irrigation, light / photoperiod, temperature,
period of growth. 5. Practical cultivation: Preparation of the
soil, time of planting, density of planting, quantity of seeds,
systems of cultivation, control of weeds (methods of weed
control, chemical control). 6. Mineral nutrition of soybeans
(and inoculation). 7. Diseases that affect the cultivation of
soybeans and their management: Bacterial, fungal, viral,
other, seed treatment. 7. Insects that attack soybeans. 8.
Harvest and storing. 10. Improvement of soybeans. 11.
Processing and utilization: Industrial processing (extraction
of oil, soy flours, soy protein concentrates {concentrados
proteícos de soya}, soybean cake). Direct consumption:
In the Far East, the soybean is consumed in the form of
fermented and non-fermented foods. Fermented foods
include shoyu, miso, mato [sic, natto], and tempeh, while
non-fermented foods include soymilk (la leche de soya),
tofu, yuba (juba), and kinako. 12. The cultivation of soya in
Honduras (history).
In 1972, the Ministry of Natural Resources (Ministerio
de Recursos Naturales) reported the initiation of commercial
soybean production on a small scale in various departments
of the country (Olancho, El Paraíso and Comayagua).

Three varieties were used at that time: Biloxi, Hardee and
Jupiter. However, before these reports were made, at the
Panamerican Agricultural School (la Escuela Agrícola
Panamerican (EAP)), some hectares had already been
planted with the varieties Jupiter and Pelican. Discusses
additional developments in 1974, 1982, 1986, 1987, and
1988. Address: 1. PhD; 2. PhD.
2700. University of Illinois, Dep. of Agronomy. 1993.
USDA Soybean Germplasm Collection: Public varieties
(United States and Canada). Urbana, Illinois. 3 p. Feb. 16.
Unpublished typescript. 28 cm.
• Summary: Lists 338 public soybean varieties that are
currently in the USDA Germplasm Collection. For each
variety is given: Year the variety was licensed or released.
Maturity group. Code letters for the following: Stem
termination (indeterminate, semi-determinate, determinate),
flower color, pubescence color, pubescence form, pubescence
density, pod color, seed coat luster, seed coat color, hylum
color, and other unique characteristics.
Across the top of page 1 is a horizontal table. In the top
row are 13 maturity groups from 000 to X. In the second row
are the number of varieties belonging to each maturity group,
plus the total (338).
Note: This document was sent to Soyfoods Center by
Dr. Richard Bernard in Dec. 1998. On it he wrote a “v”
to the left of the following varieties, which he believes to
be a large-seeded vegetable-type soybeans: Disoy (1967),
Emerald (1975), Grande (1976), Kahala (1969), Kaikoo
(1969), Kailua (1969), Kanrich (1956), Kim (1956), LS201
(1990), LS301 (1990), Magna (1967), Merrimax (1986),
Mokapu Summer (1969), Prize (1967), Verde (1967), Vinton
(1978), Vinton 81 (1981).
He also wrote a “n” to the left of the following varieties,
which he believes to be a small-seeded soybeans released
for natto or sprouts: Camp (1989), Canatto (1985), Chico
(1983), IL1 (1989), IL2 (1989) (Note: IL varieties are from
Illinois), Minnatto (1989), Nattawa (1981), Nattosan (1989),
SS201 (1989), SS202 (1989), Vance (1986).
At the end he wrote in the names of large-seeded
vegetable-type soybeans released from 1992 to 1997:
IA2012, IA2016, IA2020, IA2034, IA3001, IA3002, IA3006
(Note: IA varieties are from the Iowa and Puerto Rico AES),
Ohio FG1, Ohio FG2, Saturn. He also wrote in the names
of small-seeded natto- or sprout-type soybeans released
from 1992 to 1997: AC Pinson, Danatto, IA2005, IA2023,
IA2024, IA2035, IA3007, IA3008, IA4001, Mercury,
Micron, Pearl, TNS. Address: Univ. of Illinois, Urbana,
Illinois.
2701. Voldeng, Harvey D. 1993. Work with breeding shortseason soybeans in Canada (Interview). SoyaScan Notes.
March 2. Conducted by William Shurtleff of Soyfoods
Center.
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• Summary: The first soybean work at the Central
Experimental Farm was begun in the late 1920s by Dr.
Dimmock. Dr. Voldeng earned a BSc and MSc at the
University of Saskatchewan in Saskatoon in crop science
with an emphasis on breeding and genetics. He then earned
his PhD in corn physiology at the University of Oxford
(Dep. of Agriculture) in England. Then in 1968 he returned
to Canada and began work at Ottawa until about 1974 in
field crop physiology of corn with Dr. Lorne Donovan, who
was the successor to Dr. Dimmock. Dimmock had worked
with both corn and soybeans, and when Dimmock retired
in about 1960, Dr. Donovan took over his work on both of
these crops. Before Dr. Donovan, other breeders had used
the Swedish germplasm and elite Fiskeby varieties (some
pure lines registered in Sweden by Dr. Sven A. Holmberg),
but Dr. Donovan used it in a much bigger way. “When you
look into Dr. Holmberg’s work, it was remarkable. He was a
very, very good soybean breeder. Nobody in Europe, even up
until now, has conducted breeding programs on the scale and
with the number of crosses that he did.” He got big results
on a small budget, with funding coming mostly from a small
private seed company and perhaps some from the Swedish
government.
Starting in 1974 (just after the U.S. soybean embargo)
Dr. Voldeng began to work mostly on soybeans with
Dr. Donovan, using growth chambers (artificial warm
environments) and manipulating photoperiod, to cross the
very early material from Sweden with Corn Belt (IowaIllinois) varieties such as Amsoy, Corsoy, and with Harosoy.
This work as very successful. The key to the success was that
the Swedish germplasm brought insensitivity to photoperiod
and tolerance to colder temperatures; moreover, the plants
matured very quickly.
The first really important soybean variety to come out of
the program run by Dr. Donovan and Dr. Voldeng was Maple
Arrow. Dick Buzzell made the cross at Harrow, Dr. Donovan
made the selections, and Dr. Voldeng took the variety
through the registration process. This variety introduced a
new era for soybeans in Canada. Not only was it early, it was
stable and reliable and high yielding. It allowed soybeans to
be planted farther and farther north in Canada and it raised
yields. The northernmost testing station for these varieties
in Canada was at Melfort (53º north latitude) in central
Saskatchewan. Maple Presto was an extremely early variety
with good shattering resistance and high oil content, but
it was never a success commercially because the extreme
earliness resulted in a sacrifice of too much yield.
The two varieties that have been most successful
commercially, Maple Glen and Maple Donovan, have come
out in the last 7-8 years. Each has good yield, stability,
earliness, and adaptation. In Ontario, high-yielding, stable
varieties such as Maple Glen, Donovan, Arrow, Amber have
made soybeans a competitive profitable crop. These varieties
have both increased yields and acreage on the edges of the

traditional southern counties and allowed soybeans to be
grown profitably farther and farther north. Maple Arrow,
because it could be harvested in only about 120 days, was
found work very well in rotation with winter wheat. It
allowed the 2-crop rotation work better, allowing earlier
planting of winter wheat, making it more profitable, and
allowing it to move northward. Maple Isle and Maple Amber,
which are relatively early, have been key varieties on Prince
Edward Island. He knows of none of his varieties that have
been tested in Newfoundland.
The many new soybean varieties developed by Dr.
Voldeng’s program have been registered (including a full
description of the variety with a registration number) with
the Seeds Division, Food Production and Inspection, of the
Canadian government but he has not published many articles
concerning his work. Recently he, Dr. Wally Beversdorf
(the senior author) at Guelph, Dr. R.I. Buzzell at Harrow,
Dr. Gary Ablett at Ridgetown (Kent County, Ontario),
have written a chapter on soybeans in a book that will soon
be published on the history of plant breeding in Canada.
Address: Agriculture Canada, Central Experimental Farm
(CEF), Building #110, Ottawa, ONT K1A 0C6, Canada.
Phone: 613-995-3700 x 7653.
2702. Library of Congress, Subject Cataloging Div.,
Processing Services. 1993. Library of Congress subject
headings. 16th edition. Washington, DC: Cataloging
Distribution Service, Library of Congress. 4 volumes.
• Summary: For the basic idea, words and LC call numbers
see the 12th edition (1989). Address: Washington, DC.
2703. Cassman, K.G.; Singleton, P.W.; Linquist, B.A.
1993. Input/output analysis of the cumulative soybean
response to phosphorus on an Ultisol. Field Crops Research
(Amsterdam) 34(1):23-36. July. [19 ref]
• Summary: “Although biological N2 fixation (BNF) by
legumes can provide significant N inputs to crop systems on
highly weathered tropical soils, potential inputs from BNF
largely depend on soil P supply.”
“The potential for greater P input use efficiency with
time when inputs exceed outputs means that farmers’ average
and marginal return from investment in P fertilizer will also
increase with time.” Address: 1. International Rice Research
Institute, Manila, Philippines; 2-3. NiFTAL Project, 1000
Holomua Ave., Paia, Hawaii, USA.
2704. Munier-Jolain, Nathalie G.; Ney, B.; Duthion, C.
1993. Sequential development of flowers and seeds on
the mainstem of an indeterminate soybean. Crop Science
33(4):768-771. July/Aug. [14 ref]
• Summary: In indeterminate soybeans, yield is largely
dependent on seed number. Maple Arrow, an indeterminate,
Maturity Group 00 soybean variety, was grown under field
conditions in Guadeloupe (French West Indies, tropical
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climate, ferralic Fluvisol) and at Dijon (France, temperate
climate, clayey eutric Cambisol). In Guadeloupe, the plants
were sown at the INRA experimental station on 5 June 1991
and 31 Jan. 1992. Address: INRA, Station d’Agronomie,
21034 Dijon, France.
2705. Gijzen, Mark; van Huystee, R.; Buzzell, R.I. 1993.
Soybean seed coat peroxidase: a comparison of high-activity
and low-activity genotypes. Plant Physiology 103(4):106166. Dec. [21 ref]
• Summary: “Peroxidase activity in the seed coats of
soybean is controlled by the Ep locus. We compared
peroxidase activity in cell-free extracts from seed coat,
root, and leaf tissues of three EpEp cultivars (Harosoy 63,
Harovinton, and Coles) to three epep cultivars (Steele,
Marathon, and Raiden).” Address: 1. Agriculture Canada,
London Research Centre, 1391 Sandford Street, London,
Ontario, Canada N5V 4T3.
2706. Terekhov, A. Yu.; Davydenko, O.G. 1993.
Polimorfizm mitochondrial’noj DNK u soi [Polymorphism
of mitochondrial DNA in soybeans?]. Doklady Akademii
Nauk Belarusi (Proceedings of the Academy of of Belarus)
37(5):69-71. [9 ref. Rus; eng]
• Summary: “Mitochondrial DNA of 24 different samples
of soybeans were analyzed by restriction endonuclease Bam
HI and Eco RI. Three classes of mitochondrial DNA were
obtained. Low-level intraspecific cytoplasmic variability
is demonstrated.” Address: Soybean Breeder, National
Academy of Sciences of Belarus, Inst. of Genetics and
Cytology (Institut genetiki i tsitilogii), Zhodinskaya str. 14,
220023 Minsk, Byelorussian SSR. Phone: +375 172 64-2334.
2707. Evans, L.T. 1993. Crop evolution, adaptation, and
yield. Cambridge, UK; New York: Cambridge University
Press. xi + 500 p. Illust. Index. 24 cm. [1913* ref]
• Summary: Contents: Preface. Acknowledgements. 1.
Introduction. 2. Crop yields and world food supply. 3. The
domestication of crop plants. 4. Adaptation and the ecology
of yield. 5. Physiological aspects of crop improvement.
6. Increases in yield: trends and limits. 7. Inputs and the
efficient use of resources. 8. The future of yield. References.
Appendix: List of acronyms and abbreviations.
Soybeans are discussed extensively throughout the book
as follows:
soybean (Glycine max), 47, 100, 133, 206.
adaptation, 133, 144.
atmospheric CO2, 376.
crop growth rate, 227-30, 257.
domestication, 77, 95-7, 104.
energy analysis, 356, 358.
export of assimilates, 232-3.
genetic vulnerability, 308.

grain growth, 257-9.
harvest index, 239-40, 247, 260.
maturity groups, 121-3.
photoperiodism, 16, 120-3.
photorespiration, 219.
photosynthesis, 189, 233. adaptation, 173-8, 211:
canopy, 214-17. (duration, 191, 207-8, 214-17. leaf nitrogen,
191, 193, 212). variation, 200, 204.
respiration, 220, 222
roots, 137, 252, 329
yield, 180: beyond origin, 141. compensation, 178, 181.
cross-over, 166, 343. gaps, 283-4. photosynthesis, 204, 208.
potential, 305. record, 284, 286, 289. world average, 281-2.
Page 121. Complete neutrality to daylength, which is
most valuable at high latitudes, has been found by Polson
(1972) and by Criswell & Hume (1972) in their careful
screening of maturity groups 0 and 00.
Page 286: “Record yields: Like all such records, the
highest documented yields have all the fascination of
ultimate performance and a few are now included in the
Guinness Book of Records.” “Record yield contests that run
for many years, like those for maize and soybean in Iowa
(Fig. 6.9 [p. 284]) can be valuable for the indication they
give of currently attainable maximum yields...” and rates of
increase.
Pages 288-89: Table 6.2 gives “Some record crop
yields.” For soybeans these range from 7.4 metric tons per
ha (Whigham 1983). Address: Born in New Zealand; PhD in
soil science at Oxford.
2708. Neumaier, N.; James, A.T. 1993. Exploiting the
long-juvenile trait to improve adaptation of soybeans to the
tropics. ACIAR Food Legume Newsletter No. 18. p. 12-14. *
• Summary: Soybean sensitivity to photoperiodism
determines the limits of the sowing period for a latitude
and hinders adaptation to wider ranges of latitude. The long
juvenile period (LJP), which delays flowering under short
day conditions, has been identified in soybean cultivars. The
introduction of the LJP characteristic in soybean has made
its cultivation possible in regions with latitudes lower than
15º. Knowledge of the controlling genetic mechanisms of
this characteristic can help in the development of soybean
genotypes for lower latitudes.
Note 1. ACIAR = Australian Centre for International
Agricultural Research.
Note 2. This is the earliest English-language document
seen (Aug. 2018) that contains the term “long-juvenile
trait” or the term “long juvenile period,” or that uses the
abbreviation “LJP” to refer to “long juvenile period” in
connection with soybeans.
2709. Shanmugasundaram, S.; Rong, Yan-Miaw. 1993.
Institutional report 1–AVRDC. In: N. Chomchalow & P.
Narong, eds. 1993. Soybean in Asia: Proceedings of the
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Planning Workshop for the Establishment of the Asian
Component of a Global Network on Tropical and Subtropical
Soybeans. Bangkok, Thailand: FAO Regional Office for
Asia and the Pacific. viii + 218 p. See p. 151-157. RAPA
Publication (FAO), No. 1993/6.
• Summary: Contents: (1) Introduction. (2) Constraints to
soybean production in the tropics. (3) Goal and objective of
the AVRDC soybean programme. (4) Research programmes
in the 70s. (5) Research programmes in the 80s. (6) Visions
for the 90s.
“Introduction: The Asian Vegetable Research and
Development Center (AVRDC) was established as an
International Agricultural Research Center (IARC) in 1972
to promote production, marketing and consumption of
vegetables in Asia. In 1990 AVRDC extended its activities
to Africa and Latin America. Based on two decades of
experience, AVRDC’s mission was restated: ‘to enhance the
nutritional well-being and raise the incomes of poor people
in rural and urban areas of developing countries through
improved varieties and methods of vegetable production,
marketing and distribution, which take into account the need
to preserve the quality of the environment.’”
During the 1970s, AVRDC developed a major soybean
germplasm collection. “A total of 9,951 soybean germplasm
accessions were assembled from various major sources
worldwide.” AVRDC screens this collection in search of
various traits, such as resistance to specific diseases or pests,
to drought or flooding, or for photoperiod and temperature
response. Address: 1. Director, International Cooperation
Program; 2. Research Asst. All: AVRDC, Shanhua, Tainan,
Taiwan.
2710. Kraemer, Mark E.; Mebrahtu, Tadesse; Rangappa,
Muddappa. 1994. Evaluation of vegetable soybean
genotypes for resistance to Mexican bean beetle (Coleoptera:
Coccinellidae). J. of Economic Entomology 87(1):252-57.
Feb. [19 ref]
• Summary: Tests were conducted on 100 vegetable-type
accessions from maturity groups III through VIII. Vegetabletype soybean cultivars ranged from moderate susceptibility
(‘Camp’), similar to many grain-type cultivars, to highly
susceptible (‘Sato’, ‘Hahto’). Address: Agricultural Research
Station, Virginia State Univ., Petersburg, VA 23806.
2711. Konovsky, John. 1994. Work with edamamé. Part II
(Interview). SoyaScan Notes. March 3 and 11. Conducted by
William Shurtleff of Soyfoods Center.
• Summary: A Chinese woman, who is a student in Tom
Lumpkin’s program, gets a few articles set to her from China
every month on edamamé. Her father is the former head of
the Chinese Academy of Agricultural Science. She was a
librarian in China. Tom is close friends with their family.
Getting articles from China in this way is a slow process, but
Tom’s program probably now has about 100 such articles.

Tom will probably include citations for these documents in
one of his future publications on edamamé–probably the
book titled Edamamé–The Vegetable Soybean. John was the
sole author of first draft of this book.
Dean McCleary did most of the work on the azuki book
and he wrote the final draft, but he will probably not be listed
as the main/first author.
John’s new company is mostly focused on edamamé
variety development, i.e. breeding, then supplying those
seeds to local growers. Now he is brokering edamamé
seeds, importing them from East Asia. He also has other
jobs, related to agriculture but not to soy, which support him
financially while he is building his company.
John speaks very highly about the program at WSU; it
is a very unique program that offers opportunities not found
in any other graduate program in the country. It is still fairly
well funded.
For edamamé to succeed in America, some organization
(probably a company) will have to be willing to invest
considerable money and time in the product. It has great
potential and Americans like it, and now that production
problems have basically been solved, introducing edamamé
to the USA is basically a marketing problem. The subtle
appearance problems that Japanese had would probably not
be problems for most Americans who have not developed
the fine level of discrimination that the Japanese have.
John thinks it will take some time to solve the appearance
problems for the Japanese.
Concerning the question: How does one say in
Japanese–”Large-seeded, vegetable-type soybeans?,” John
does not think there is such a Japanese term. Most soybeans
grown today in Japan are large seeded and most of these
are used for edamamé or seed production the next year. He
did not hear the term Nihon daizu (“Japanese soybeans”)
very often. The introduction of true “field-type” soybeans is
relatively recent. Summer-type and autumn-type soybeans
refer more to maturity groupings than to seed size. The
Japanese have their system, which is more complex than the
maturity group system.
While in Japan, John heard the terms natsu-daizu
(summer type soybeans) and aki-daizu (autumn type
soybeans) used frequently. This is a fundamental distinction,
although there are gradations in between. Summer soybeans
correspond to U.S. Maturity Groups 000 through II, from
northern latitudes. Maturity Groups V and greater correspond
to autumn soybeans. Currently in Japan, almost all green
vegetable soybeans (edamamé) are produced using summer
type soybeans, because all the farmers want to get to market
as early in the year as possible and summer soybeans are a
short-season crop. Traditionally in Japan, edamamé were
harvested later in the year (September or October) for mamemeigetsu (the bright moon of edamamé). Japanese would go
outside to view the moon while enjoying freshly harvested
edamamé and beer. But nowadays the peak of the edamamé
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season is in August, around the time of O-bon. So there has
been a major historical shift toward an earlier harvest.
The Japanese word dadacha-mame is a vernacular term
from Yamagata prefecture that refers to a specific type of
edamamé which, when, mature have a brown seed coat and
a much stronger taste (perhaps higher sugar content). It sells
for a premium price.
John is still interested in the scholarly side of edamamé
but he doesn’t have the time for it. He now needs to earn
money, which he hopes to do via his new company EastWest Seeds. He is tired of school and is no longer very
interested in finishing his degree program at Washington
State Univ.
Two Chinese scholars who are very interested in the
history of the soybean in China are GAI Junyi (of the
Soybean Research Institute, Nanjing Agricultural University)
and SUN Huan (head of the Soybean Institute, Jilin Academy
of Agricultural Sciences, Gongzhuling). Address: East-West
Seeds, 728 33rd Lane N.E., Olympia, Washington 98506.
Phone: 206-754-2423.
2712. Ahrent, D.K.; Caviness, C.E. 1994. Natural crosspollination of twelve soybean cultivars in Arkansas. Crop
Science 34(2):376-78. March/April. [11 ref]
• Summary: “Based on a 2-yr average cross-pollination
varied from a low of 0.09% for ‘Walters to a high of 1.63%
for ‘Brim.’” Address: 1. Rice Research and Extension
Center, Stuttgart, Arkansas 72160; 2. Agronomy Dep., Univ.
of Arkansas, Fayetteville, AR 72701.
2713. Salama, Adel M.; Sinclair, Thomas R. 1994. Soybean
nitrogen fixation and growth as affected by drought stress
and potassium fertilization. J. of Plant Nutrition 17(7):11931203. June. [26 ref]
• Summary: Drought stress was found to have strongly
negative effects on symbiotic nitrogen fixation by soybeans
grown under greenhouse conditions. Seed yield was
optimized by the medium potassium treatment (50 mg
of potassium oxide per kg of soil); the total accumulated
nitrogen was lowest at the highest potassium treatment.
Overall, there was little effect of potassium treatment on
the nitrogen fixation of soybeans under drought. Address:
Faculty of Agriculture, Mansoura Univ., Mansoura, Egypt.
2714. Ouattara, Sohédjié.; Weaver, David B. 1994. Effect of
growth habit on yield and agronomic characteristics of lateplanted soybean. Crop Science 34(4):870-73. July/Aug. [19
ref]
• Summary: “Abstract: Seed yield of double-cropped
soybean... in the southeastern USA is reduced compared
with full-season soybean, and most agronomic traits are
affected. This study was initiated to determine the effects
of determinate (dr1) and indeterminate (Dr1) growth
habit genes on yield and agronomic characteristics of late-

planted near-isogenic soybean lines (near-isolines) in the
southeastern U.S.”
“We concluded that growth habit x location interactions
play a large role in determining the yield advantage of
either growth habit in double-cropped, late-planted cropping
systems.” Address: Dep. of Agronomy and Soils and
Alabama Agric. Exp. Station, 202 Funchess Hall, Auburn
Univ., AL 36849.
2715. Thompson, Keith; Brown, Edward. 1994. Breeding
soybeans for use in making tofu at Jacob Hartz Seed Co. Part
I (Interview). SoyaScan Notes. Oct. 11-12. Conducted by
William Shurtleff of Soyfoods Center.
• Summary: In late 1987 Keith Thompson visited Soyfoods
Center and he and William Shurtleff worked together to
design a system that Jacob Hartz Seed Co. could use to more
effectively breed soybeans for food uses. The purpose of this
interview is to find out if that system was implemented, and
if so how, and how it is working.
Hartz has hired Dr. Keshun Liu, a PhD in food science.
His job is basically trying to interface between soybean
breeders, Keith, and the soyfoods industry.
There are three main problems in breeding soybeans
for use in making tofu. The first and biggest problem is that
most tofu makers never seem to be willing to pay a premium
price for their soybeans–unless the soybeans are organically
grown, in which case tofu makers will pay huge premiums.
The big market for tofu beans is in Japan. Hartz sells about
40,000 bags/year (each 50 lb) to tofu makers in the USA; one
tofu maker in Hawaii buys about half of these. From these
companies, Hartz is able to get a premium of about $2.50
per bushel over the CBOT (Chicago Board of Trade) price.
Until tofu makers are willing to pay a premium for soybeans
that give tofu with better yield and quality, they must be
willing to accept varieties that are already developed. Tofu
beans are pretty much a commodity, since there are a lot
of large-seeded, clear hilum beans grown in the Midwest
that perform pretty well for tofu. Natto makers are willing
to pay a good premium for their soybeans because natto
beans are inherently lower yielding and have many special
characteristics that are difficult to breed and select for.
Because Hartz has limited storage, they breed in the areas
where they can get the best premiums. Hartz hedges 100% of
its soybean transactions. So it tends to charge a fixed dollar
amount (its margin) over the CBOT price.
In growing out new varieties, Hartz contracts with
farmers to grow the beans, then buys back 100% of these
beans at a pre-determined price, bags them in a Hartz bag,
and sells them to soyfoods makers. It does not prefer that
farmers sell its beans to soyfoods makers, though farmers
have the right to do this. Hartz’s 428-acre breeding farm is
used solely to produce breeder and foundation seed stock–
the first 2 generations. The Plant Variety Protection Act of
1972 gives plant breeders some rights over the products they
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produce in their breeding programs, and prohibits farmers
from selling protected seed to other farmers–like a seed
company. But farmers can save their own seed and plant it
in the future–which means he doesn’t have to buy seed from
a seed company for a long time. Hartz doesn’t like that and
he thinks there is a movement to mitigate that. For example,
farmer-saved wheat seed was so extensive that Pioneer HiBred withdrew from the market. All Hartz’s varieties are
plant variety protected.
When Keith entered this business in 1978 there were 8-9
soybean varieties in 3 different maturity groups in the entire
southern USA (13 states) that the farmer could choose from;
now he has about 150-200 varieties to choose from. Breeders
have incrementally increased yield, disease resistance,
targeted soil type adaptability, etc.
Soybean farmers generally look carefully at and plant
the latest, best yielding varieties since they expect to get
better yield, disease resistance, etc.–and save money. Why do
soyfoods manufacturers not think the same way. Why would
they not be willing to pay more for a new bean that will give
them a 10% higher yield? Keith does not know. He thinks
these manufacturers get a variety that works well and don’t
want to change their process. He often cannot even get them
to test a new variety; its too much trouble (not surprising).
Another problems is that some tofu manufacturers like one
variety very much, and others don’t like it at all. But the
three missing links in this process are (1) research in the
breeder’s lab to show how the new soybean variety behaves
in making tofu (yield, taste, composition, price per pound
of tofu, etc.) and (2) comparing the performance of this
variety with varieties used by major tofu manufacturers; (3)
compiling the results of this research as information that can
be easily understood by any soyfoods maker. Breeders now
do this for soybean farmers but not for soyfoods makers.
Is the tofu market too small for a breeder to make this
investment? Not if you include East Asia, Southeast Asia,
the USA, and Europe. For many years Singapore and Hong
Kong have imported mostly Canadian beans with a pretty
low margin. Japan has a tradition of buying IOM beans
out of the Midwest, but IOM is no longer a meaningful
term because we change varieties so fast. It used to be a
large-seeded, clear-hilum mix of several varieties but now
it can be almost anything. A portion of the users of Japan’s
500,000 metric tons to make tofu is willing to pay a premium
for variety soybeans. Hartz exports about 3,000 tons/year
to Japanese tofu makers, but they still don’t have a good
variety. Continued. Address: 1. Food and Export Manager;
2. PhD, Soybean Breeder. Both: Jacob Hartz Seed Co., P.O.
Box 946, Stuttgart, Arkansas 72160. Phone: 800-932-7333.
2716. Thompson, Keith; Brown, Edward. 1994. Breeding
soybeans for use in making tofu at Jacob Hartz Seed Co. Part
II (Interview). SoyaScan Notes. Oct. 11-12. Conducted by
William Shurtleff of Soyfoods Center.

• Summary: The second problem is that the science of
breeding soybeans for tofu is not well understood. We still
don’t understand the basic theory as to what constitutes a
good soybean for making tofu–a good tofu bean. What are
the main compositional factors that affect tofu yield, flavor,
and consistency (hardness or softness). It is not clear what
characteristics breeders should select for when breeding tofu
beans–except for the bean’s physical appearance. Keith has a
very close Japanese contact who is doing excellent work at a
lab in a university in Japan, trying to understand what causes
one soybean to be better than another for making tofu. He
has made a lot more progress than Hartz has, and his work
is quite confidential. Hartz has tried to get permission from
the Japanese for Dr. Keshun Liu to visit that lab, but they
won’t even talk about it. Keith’s talks about this university
researcher with Takashi Matsumoto who is in a large
trading company, but he doesn’t recall the name of the tofu
researcher at the university. The trading company is funding
the research and is very forward looking.
The third problem is that the Japanese who buy soybeans
that will eventually be used for making tofu have a number
of strong preconceptions about the way these soybeans
should look–regardless of the amount and quantity of tofu
that can be made from them. They want a soybean with very
large seed size (less than 2,000 seeds/lb), a clear hilum, and
dull-luster–that looks like a typical soybean grown in Japan.
If the soybean doesn’t look like that, they don’t care how
good the tofu yield or flavor are. The Japanese seem to prefer
what are called “Vinton-type” soybean varieties for making
tofu. These include Vinton [a Midwest variety introduced
in 1978 by breeder Walt Fehr and Iowa State University]
and Harovinton (from Harrow, Ontario, Canada). These are
large-seeded clear hilum beans [perhaps traditionally called
vegetable-type soybeans]. “Vinton-type” soybeans now sell
(cleaned and in bulk) for only about $0.80 to $1.75 over the
Chicago Board of Trade (CBOT) price. That is not enough of
a premium to attract Hartz. Hartz has developed on soybean
that seems to have excellent characteristics for making tofu.
But the Japanese don’t want this soybean because it doesn’t
look like what they are used to. It is oblong and not as
uniform as usual.
Eddie Brown hasn’t given up on tofu beans; he is doing
a lot of work and making a lot of crosses. Hartz has 40
acres of a variety it will be harvesting in the next 2-3 weeks
and releasing next year that was selected primarily based
on seed size, but also protein content. This line is quite
large seeded, with 1,400 seeds/lb. Yet agronomically, it is
a second or third class variety, so Hartz must charge more
for it to counterbalance its lower yield. It is difficult to grow
large-seeded soybeans in the south since it is generally true
for soybeans that the further you go north and the earlier
the maturity group, the larger the seed size and the more
the percentage of clear hilum varieties. Some of this is
genetic and some environmental. Varieties north of Boothill,
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Missouri are usually indeterminate, whereas those to the
south are determinate. Determinate plants grow to a certain
height and then start blooming; indeterminate varieties start
blooming when the plants are very small and bloom until
they reach normal plant height.
Keith thinks that true Vinton is not grown much any
more. The new Vinton-types, developed by Midwest
breeders, look like a Vinton but the yield is much better for
the farmer. These Vinton-types sell for about $0.80 to $1.75
over the CBOT price.
One reason the Japanese may be demanding Vinton-type
soybeans having a certain appearance is so that they can
blend our $8/bushel beans with their domestic beans [Nihon
Daizu], which are much more expensive, then sell the blend
as if they were all Japanese-grown soybeans.
Japanese are limiting themselves greatly by demanding
large-seeded soybeans. Eddie has only 10-15 breeding lines
available to him in large-seeded soybeans compared with
2,000 to 3,000 lines of regular-sized soybeans. Breeders in
the Midwest have a much larger germplasm base to work
with on large-seeded clear-hilum varieties.
Hartz would like to have more of its soybeans grown
organically because they could get a huge premium for those
soybeans–no doubt about it. Hartz is already producing some
organic natto beans, primarily with one big rice grower who
is OCIA certified. His main crop is rice, and he has his own
rice mill, rice bagging, and rice marketing system. Most
rotations in the South are based on either rice or cotton. It
is very difficult to find organic acreage in the South unless
you find a rice farmer who is philosophically committed
to organic farming [like Carl Garrich of the Lone Pine in
Arkansas]. Even if Hartz offers farmers a premium of $4/
bushel over the CBOT price they are not interested. It
doesn’t work well with a rice rotation.
Once a soybean seed company makes the commitment
to breed soybeans for tofu, it must develop at least a small
bench-top tofu-making system in order to quantify and
compare different varieties. You need a program and a
systematic way of making tofu and measuring the results.
You must be able to prove that one soybean is significantly
better than another for making tofu–in terms of yield, or
flavor, or fat content, or genistein level, whatever. This
becomes the basis of marketing the soybean to tofu makers.
Address: 1. Food and Export Manager; 2. PhD, Soybean
Breeder. Both: Jacob Hartz Seed Co., P.O. Box 946,
Stuttgart, Arkansas 72160. Phone: 800-932-7333.
2717. Roller, Ron. 1994. Breeding soybeans to use for
making soymilk in America. Part II (Interview). SoyaScan
Notes. Oct. 13. Conducted by William Shurtleff of Soyfoods
Center.
• Summary: How often does Ron change the soybean variety
he uses? He has several base varieties, which are kept secret
and which he tries to build on. Every year he tries to find

new soybean varieties which are like the base varieties but
which will grow in other geographic areas. Moreover the
acreage for a particular variety must be expanded slowly as
it proves itself both agronomically and from a food point
of view. When Ron contracts with a farmer he contracts
bushels, not acres. That is, guarantees to pay a certain
amount per bushel if the farmer plants a certain number of
acres, never just a certain amount per acre planted. This
way, both sides take a risk: If the farmer has a large yield,
then Ron must buy more soybeans than he wants to. ASP
has been hurt before by contracting acres, when there was a
flood or frost. Each farmer must get certified, which pretty
much guarantees that he has grown the soybeans organically.
After a while, ASP knows which growers it can trust, and
they become part of ASP’s steadily expanding grower base
or network.
There are probably very few U.S. soyfood
manufacturers that have enough volume that they need to
contract directly with farmers. But those that are big or have
a large need for organic soybeans must contract directly with
farmers to assure themselves an adequate supply of the type
of soybeans they want.
Ron would be very interested to know more about how
the composition of a soybean affects its flavor. He has a good
deal of respect for Pioneer Hi-Bred Seed Co. He thinks they
have good seeds, a good staff and research department, and
a good distribution system. And they have generally been
reliable. They have helped Ron find soybeans for certain
growing areas that they sell. He likes the fact that they are
national, spanning the breadth and width of the U.S. soybean
growing area, and selling all maturity groups. However,
3-4 years ago, Pioneer Seed Co. got into the cultivation,
cleaning, bagging, and export of organic soybeans–with their
Better Life program (no pesticides or herbicides, but they
can use chemical fertilizers). So they began to compete with
Ron for organic farmers to grow their seeds, and they pay the
farmers more than Ron does.
Pioneer has a pretty extensive base of soybean
customers in Japan for regular soybeans, Better Life
soybeans, natto beans, large-seeded soybeans, and organic
soybeans. Their Specialty Crops Division has penetrated
the Japanese market in many areas. Their employees travel
frequently to Japan, they speak Japanese, they have an office
there, and they’re plugged in. They study those industries in
Japan, find out what they want, then they come back and try
to breed that into a soybean. As far as Ron can tell, Pioneer
is the leader in breeding soybeans for food uses in terms of
both volume and specific varieties.
Another company doing research in this area is Jacob
Hartz Seed Co. in Arkansas. They are working on some
large-seeded soybeans but they are having a lot of trouble.
Ron has a low opinion of the soybeans Hartz breeds for
making natto; he studied that market intensively.
There has been a demand from Japan to supply some
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organic beans, so many of the U.S. companies that supply
soybeans to Japan have begun small organic programs
(not because they want to–they hate it), just to satisfy their
Japanese customers. Even though Mitsui or Mitsubishi or
Marubeni don’t want a lot of organic soybeans, they want
enough in a tight market to drive the price way up. It was
because of the Japanese demand plus a small soybean crop
that organic soybean prices were so high in 1994. Country
Life went out of business, with unpaid debts of $400,000
to $500,000. Some of the farmers formed cooperative
marketing groups; they grow varieties desired by the
Japanese, and pool their resources in cleaning and bagging,
so they can export containers to Japan and eliminate U.S.
middlemen or soybean brokers. Ron feels the price for
organic soybeans will stabilize at about $10-$12 per bushel.
If Ron worked closely with a soybean breeder and
seed company, he would want the right for the farmers with
whom he contracts to be able to buy the seed from the seed
company. His company is unique in having a large number
of cooperating organic growers, and that gives ASP the
lowest price and highest quality. If Ron contacts the growers
early and tells them what ASP will pay per bushel of organic
beans, that becomes the standard base contract price for
other companies too. Word travels fast. Nichii buys directly
from soybean farmers, but Ron thinks Vitasoy buys from a
middleman (a soybean broker or trading company such as
Pacific Soybean and Grain). Some soyfoods manufacturers
buy through soybean brokers–the biggest of which are
Pacific Soybean and Grain, American Health and Nutrition,
and Purity Foods. Domestic soyfoods manufacturers get
deluged with calls from farmers who want to grow soybeans
just for them at a premium price and sell direct without a
middleman. The middlemen or soybean brokers tend to
survive on export business.
This is a very complicated issue–particularly seen from
the viewpoint of a seed company that wants to breed better
soybeans for food uses. Address: President, American Soy
Products, 1474 N. Woodland Dr., Saline, Michigan 48176.
Phone: 313-429-2310.
2718. Soyafoods (ASA, Europe). 1994. New soybean
developments [in Russia]. 5(3):3. Autumn.
• Summary: A new soybean variety named Fiskery 5, which
survives at up to 56º north latitude (about the latitude of
Moscow), has been developed in Russia as the result of over
19 years research by geneticist Prof. Oleg Davydenko of
the Russian Academy of Sciences, with the help of Swedish
research into cold-resistant varieties. Yielding about 3
tonnes/ha after a 120 day growing cycle, the new variety can
be planted in late April or early May at a soil temperature of
7ºC, and can tolerate 16 hours/day of sunlight in the summer.
Prof. Davydenko has now formed the Soyabean
Company to further develop the new variety, and has
established links with a UK based company named Peas and

Beans, run Dr. Colin Leakey, a former consultant to H.J.
Heinz. Further trials will be conducted by Leakey, and at
Wye College in Kent, UK.
Dr. Leaky claims to have discovered a non-flatulent
soybean variety named Goscorron, which comes from
Chile and which he has adapted to UK growing conditions.
Although Goscorron is expensive and gives low yields, a
French food company is test marketing the soybean variety
in French stores.
2719. El Shintinawy, F. 1994. Monovalent anion interaction
on the electron flow of photosystem II in soyabean cells.
Qatar University Science Journal 14(1):57-62. [24 ref]*
Address: Botany Dep., Faculty of Science, Tanta Univ.,
Tanta, Egypt.
2720. Derevyanskii, Victor P. 1994. Soya [Soybean]. Kiev,
Ukraine (Ukrintei): Ukranian Academy of Agricultural
Sciences (Ukrainskaya Akademiya Agrarhykh Nauk). 216 p.
20 cm. [358 ref. Rus]
• Summary: Contents: Introduction, p. 3
History, development and dissemination of soy (soya)
cultivation in various countries of the world, p. 5
Growing soy in Ukraine, p. 16
Botanical and biological features of soy, p. 20
Trends in soy breeding and cultivars, p. 23
Growing soy for grain / beans, p. 30
The place of soy in the crop rotation, p. 30
Basic and pre-planting soil tillage, p. 34
Soil-protective tillage, p. 38
Use of fertilizers and growth regulators, p. 44
Seed preparation for sowing, p. 61
Sowing schedules, methods and rates. Sowing machines,
p. 71
Harvesting, post-harvesting, and storage of soy grain, p.
96
Mixed plantings of soy, p. 108
Strip and coulisse plantings, p. 118
Protection of soy plantings from weeds, pests and
diseases, p. 127
Use of soy in fodder production, p. 165
Full-fat soy, p. 165
Soy flour, p. 174
Soymilk, 177
Soy meal and cake, p. 181
Herbage and silage, p. 188
Cost-effectiveness of the production of soy grains, p.
191
Bibliography, p. 201
The author has spent many years studying soybean
biology and production technology in the conditions of
the Western Wood-Steppe of Ukraine (Chernovitskii and
Khmelnitskii). He also has an excellent knowledge of both
the foreign and domestic scientific literature on soybeans,

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 836
as reflected in this book’s large bibliography. This book is
recommended for scientists, students at agricultural colleges
and universities, specialists at agricultural organizations, and
farmers.
Note that this book is written in Russian. According to
Wikipedia: According to the constitution, the state language
of Ukraine is Ukrainian. Russian is widely spoken, especially
in eastern and southern Ukraine. According to the 2001
census, 67.5 percent of the population declared Ukrainian
as their native language and 29.6 percent declared Russian.
Most native Ukrainian speakers know Russian as a second
language. Address: Director, Khmelnitskii State Experiment
Station, Samchyky Village, Starokonstantyniv Region,
281132 Khmelnitskii District, Ukraine.
2721. Farias, J.R.B. 1994. Climatic requirements. In:
Brazilian Agricultural Research Enterprise, National
Soybean Research Center (EMBRAPA-CNPSo), comp. and
ed. 1994. Tropical Soybean: Improvement and Production.
Rome, Italy: United Nations Food and Agriculture
Organization (FAO). 254 p. See p. 13-18. Illust. Plant and
Production Series, No. 27. [35 ref]
• Summary: Contents: Introduction. Temperature.
Photoperiod. Water. Address: EMBRAPA-CNPSo, Londrina,
PR, Brazil.
2722. Feraz de Toledo, J.F.; Alves de Almeida, L.; Souza
Kiihl, R.A. de; Carrao-Panizzi, M.C.; Kaster, M.; et al. 1994.
Genetics and breeding. In: Brazilian Agricultural Research
Enterprise, National Soybean Research Center (EMBRAPACNPSo), comp. and ed. 1994. Tropical Soybean:
Improvement and Production. Rome, Italy: United Nations
Food and Agriculture Organization (FAO). 254 p. See p. 1936. Illust. Plant and Production Series, No. 27. [83 ref]
• Summary: Contents: Introduction. Breeding objectives
and strategies. Germplasm bank. Breeding techniques. Long
juvenile trait. Breeding for disease resistance. Breeding for
insect resistance. Breeding for nutritional qualities. Breeding
for seed quality. Breeding soybean for acid soils. Yield and
general performance evaluations. Breeder seed formation.
Address: EMBRAPA-CNPSo, Londrina, PR, Brazil.
2723. Gazzoni, D.L. 1994. Botany. In: Brazilian Agricultural
Research Enterprise, National Soybean Research Center
(EMBRAPA-CNPSo), comp. and ed. 1994. Tropical
Soybean: Improvement and Production. Rome, Italy: United
Nations Food and Agriculture Organization (FAO). 254 p.
See p. 1-12. Illust. Plant and Production Series, No. 27. [45
ref]
• Summary: Contents: Taxonomy. Morphology: Seed,
stem, leaves, pubescence, flowers, pods, roots, nodules.
Stage of development descriptions. Physiological aspects:
Photoperiodism. Address: EMBRAPA-CNPSo, Londrina,
PR, Brazil.

2724. Konovsky, John; Lumpkin, T.A.; McClary, D.C.
1994. Edamame: The vegetable soybean. In: A. Desmond
O’Rourke, ed. 1994. Understanding the Japanese Food and
Agrimarket: A Multifaceted Opportunity. Binghampton, New
York: Food Products Press. xiii + 217 p. See p. 173-81, 19699. Illust. Index. 23 cm. [52 ref]
• Summary: Contents: Introduction. History. Quality. Variety
selection. Production. Current research. Summary.
Note: In the superb first draft of this paper: The authors
review more than 160 Japanese publications concerning
vegetable soybeans, concentrating on the period from 1920
to the present. More than 120 of the articles are in scientific
journals dating from 1921 to the present. In general these
research articles and publications can be categorized into
seven research areas: Agronomy and crop management
(37%), biochemistry (15%), breeding and germplasm (12%),
harvesting and processing (12%), statistics and marketing
(12%), plant physiology (9%), and plant pathology (3%).
Address: East Asian Crop Development Program, Dep. of
Crop and Soil Sciences, Washington State Univ., Pullman,
WA 99164-6420.
2725. Pepper, Gary E. 1994. Soybeans. In: Charles J.
Arntzen and Ellen M. Ritter, eds. 1994. Encyclopedia of
Agricultural Science. 4 vols. San Diego: Academic Press.
See vol. 4, p. 193-202. Illust. Index. 29 cm. [6 ref]
• Summary: Contents: Glossary: Bradyrhizobium, cation
exchange capacity, determinate growth, green manure crop,
hectare, herbicide, lodging, pH, photoperiodic response,
shatter, variety (cultivar), vegetable oil.
Introduction. Production practices: Variety selection,
crop rotations, seedbed preparation for planting, soil
fertility–mineral nutrition, date of seeding, planting row
space, plant densities, pest management (weeds, insects,
diseases and nematodes, scouting and pest management),
harvest.
U.S. production and utilization: Production regions
and costs, protein and oil separation [crushing; a bushel
of soybeans yields a little over 11 lbs of oil and 47 lbs of
protein-rich meal], consumption.
Tables: (1) U.S. soybean production and exports (19301991). (2) Soybean production by major world growers
(1972, 1982, 1992). USA, Brazil, Argentina, China. (3)
Seeding delay effects on soybean yield in central Corn Belt
states. (4) Double-crop planting of soybeans in selected
states, average of 1990-1992 (% of acres seeded as double
crop; Georgia is highest at 46%). (5) Major soybean
producing states, average total production, and yield per
hectare for the period 1984-1993. In descending order of
tonnes produced, the states are: Illinois, Iowa, Indiana,
Minnesota, Missouri, Ohio, total USA. (6) Sources of edible
oils for the fats and world, 1991. Soybean, corn, cottonseed,
coconut, palm, rapeseed, sunflower, others.
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Figures: Distribution of soybean Maturity Groups
adapted to North America (from Scott & Aldrich 1983).
Address: Univ. of Illinois, Urbana, IL 61801.
2726. Swift, M.J.; Dvorak, K.A.; Mulongoy, K.; Musoko,
M.; Sanginga, N.; Tian, G. 1994. The role of soil organisms
in the sustainability of tropical cropping systems. In:
J.K. Syers and D.L. Rimmer, eds. 1994. Soil Science and
Sustainable Land Management in the Tropics. Wallingford,
England: CAB International. xiv + 290 p. See p. 155-72.
Chap. 11. [32 ref]
• Summary: The diverse and varied soil microorganisms
play a variety of roles which can be grouped into five
categories:
“1. facilitating nutrient acquisition by the vegetation
through the agency of mycorrhiza and nitrogen-fixing
organisms;
“2. regulating the retention and flow of nutrients
in the system through the processes of decomposition,
mineralization, and immobilization;
“3. mediating the synthesis and breakdown of soil
organic matter (humus);
“4. influencing the availability of water to the plant by
modification of soil structure and water regimes; and
“5. modifying the health of the plant by parasitism and
pathogenesis.
“In this paper we will concentrate on the first two of
these roles, with some reference to the third.” Address:
1. Tropical Soil Biology and Fertility Programme, c/o
UNESCO-ROSTA, PO Box 30592, Nairobi, Kenya; 2-6,
IITA, Ibadan, Nigeria.
2727. Rosas, Juan Carlos; Young, Roberto A. 1994? El
cultivo de la soya. Quinta edición [The cultivation of
soya. 5th ed.]. Departamento de Agronomía (Zamorano,
Honduras), Publication No. AG-9603. 68 p. Undated. [Spa]
• Summary: Contents: 1. Overview: Economic importance,
chemical composition, history, taxonomy. 2. Morphology
of the soybean plant. 3. Physiology of the growth and
development of the soybean plant: Stages of development.
4. Environmental factors that affect the cultivation of soya:
Soil, water, irrigation, light / photoperiod, temperature,
period of growth. 5. Practical cultivation: Preparation of the
soil, time of planting, density of planting, quantity of seeds,
systems of cultivation, control of weeds (methods of weed
control, chemical control). 6. Mineral nutrition of soybeans
(and inoculation). 7. Diseases that affect the cultivation of
soybeans and their management: Bacterial, fungal, viral,
other, seed treatment. 7. Insects that attack soybeans. 8.
Harvest and storing. 10. Improvement of soybeans. 11.
Processing and utilization: Industrial processing (extraction
of oil, soy flours, soy protein concentrates {concentrados
proteícos de soya}, soybean cake). Direct consumption:
In the Far East, the soybean is consumed in the form of

fermented and non-fermented foods. Fermented foods
include shoyu, miso, mato [sic, natto], and tempeh, while
non-fermented foods include soymilk (la leche de soya),
tofu, yuba (juba), and kinako. 12. The cultivation of soya in
Honduras (history).
In 1972, the Ministry of Natural Resources (Ministerio
de Recursos Naturales) reported the initiation of commercial
soybean production on a small scale in various departments
of the country (Olancho, El Paraíso and Comayagua).
Three varieties were used at that time: Biloxi, Hardee and
Jupiter. However, before these reports were made, at the
Panamerican Agricultural School (la Escuela Agrícola
Panamerican (EAP)), some hectares had already been
planted with the varieties Jupiter and Pelican. Discusses
additional developments in 1974, 1982, 1986, 1987, and
1988. Address: 1. PhD; 2. PhD.
2728. Soybean Digest. 1995. Herbicide mode of action
summary. Mid-Feb. p. 16.
• Summary: This color-coded chart lists all the major U.S.
herbicide brands grouped by mode of action, and for each
assigns one of eleven modes of action–such as mobile
photosynthesis inhibitors, amino acid synthesis inhibitors,
cell membrane disrupters, lipid inhibitors, growth regulators,
cell division inhibitors, and protein synthesis inhibitors.
2729. Ariyo, O.J. 1995. Correlations and path-coefficient
analysis of components of seed yield in soybeans. African
Crop Science Journal 3(1):29-33. March. [7 ref. Eng; fre]
• Summary: “Nodulation and number of flowers per plant
had the largest positive direct effects on seed yield with
its largest indirect effect through height at flowering and
reduction in nodulation, respectively. The study indicated
that since no one character was absolutely important for
seed yield, selection should be based on simultaneous
consideration of various characters.” Address: Dep. of
Plant Breeding and Seed Technology, Univ. of Agriculture,
Abeokuta, Nigeria.
2730. Cober, E.R.; Tanner, J.W. 1995. Performance of related
indeterminate and tall determinate soybean lines in shortseason areas. Crop Science 35(2):361-64. March/April. [15
ref]
• Summary: “Determinate growth habit (dt1dt1) is useful in
reducing plant height and lodging but can result in excessive
dwarfing in early-maturing soybean... lines.” Address: Crop
Science Dep., Univ. of Guelph, Guelph, ON, N1G 2W1
Canada.
2731. Tidewater Agricultural Research and Extension
Center, Information Series. 1995. Soybean research in
Virginia–1994. No. 359. 14 p. April. (Virginia Polytechnic
Inst. and State Univ. with Virginia State Univ.).
• Summary: Contents: Part I: Breeding/genotype evaluation:
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1. Breeding soybean varieties adapted to Virginia, by G.R.
Buss. 2. Breeding soybeans for specialty soyfoods markets,
by G.R. Buss and P. Chen. 3. Screening soybean varieties
for resistance to soybean mosaic virus, by G.R. Buss and P.
Chen. 4. Field evaluation of varieties for reaction to ‘Essex
Disease,’ by G.R. Buss. 5. Evaluation of vegetable-type
soybeans for corn earworm resistance, by M. Kraemer and
M. Rangappa. 6. The association among nutrient content,
anti-nutritional factors and green pod yield and size of
soybean, by T. Mebrahtu, A. Mohamed, and A. Elmi. 7.
Protein accumulation in vegetable-type soybean seed during
development, by A. Mohamed, T. Mebrahtu, and A. Elmi.
8. Evaluation of unique soybean germplasm lines to reduce
yield loss by deer browsing, by P.F. Reese, Jr. and G.R. Buss.
Part II: Cultural practices. 9. Early planted early
maturing soybean production systems, by P.R. Reese, Jr.
10. Evaluation of foliar methanol applications to enhance
soybean yields, by P.F. Reese, Jr., and H.L. Bhardwaj. 11.
Yield response of Hutcheson soybean to selected plant
growth regulators, by E.G. Sagaral, et al.
Part III: Insect and weed control. 3 papers. Address:
Virginia.
2732. Spehar, Carlos Roberto. 1995. Impact of strategic
genes in soybean on agricultural development in the
Brazilian tropical savannahs. Field Crops Research
(Amsterdam) 41(3):141-46. June. [26 ref]
• Summary: The cerrados of Brazil are typical of lowlatitude tropical savannah areas in which agriculture is
limited by low soil fertility and pH [acidic] and high
concentrations of aluminium. Since the 1960s, the traditional
extensive cattle ranching has shifted to agriculture with the
cultivation of rain-fed rice and, more recently, soybean...
Introduction of soybean into these areas has depended on
selection of cultivars carrying strategic genes determining
a few key characteristics, principally late maturity, high
aluminium tolerance and calcium-use efficiency.”
‘Identification of the long-juvenile character and
selection of genotypes in which this stage is prolonged are
identified as keys in the systematic exploitation of plant
yield potential. New screening techniques reveal that these
savannah-adapted genotypes also carry genes for high-Al
and low-Ca tolerances, which allow deep rooting of plants
and, consequently, drought tolerance. The conjugation of
these favourable characters is essential to the development of
sustainable agriculture in the cerrados.”
Such soils also have low moisture-holding capacity.
Note. This is the earliest English-language document
seen (Aug. 2018) that contains the term “long-juvenile
character.” Address: Cerrados National Research Centre,
EMBRAPA-CPAC, Caixa Postal 08223, Planaltina, DF,
Brazil (CEP 73301-970).
2733. Carrao-Panizzi, Mercedes C.; Kitamura, Keisuke.

1995. Isoflavone content in Brazilian soybean cultivars.
Ikushugaku Zasshi (Japanese J. of Breeding) 45(3):295-300.
Sept. 1. [37 ref. Eng]
• Summary: “Summary: Soybean is not well accepted
as a human food source in the West because of its flavor.
Isoflavones have been suggested as the cause of soybean
bitterness and astringency. The isoflavone content of 22
Brazilian cultivars of different maturity groups was analysed
by using High Performance Liquid Chromatography
(HPLC). The content of daidzin and genistin in the Brazilian
cultivars showed a considerable variability among cultivars
of the same and different maturity groups and between
consecutive years (1990 and 1991). Insect-resistant cultivar
IAC-100 exhibited the highest isoflavone content in both
years, while cultivar BR-36 had the lowest.”
Measured in mg per 100 gm seed meal: In 1990/91
IAC-100 contained 60.35 mg of daidzein and 278.60 mg of
genistein.
In 1991/92 IAC-100 contained 80.65 mg of daidzein
and 122.50 mg of genistein. Address: 1. Centro National de
Pesquisa de Soja / EMBRAPA, Caixa Postal 1061, 86001970, Londrina, PR, Brazil; 2. National Agriculture Research
Center, Tsukuba, Ibaraki 305, Japan.
2734. Ma, B.L.; Morrison, M.J.; Voldeng, H.D. 1995. Leaf
greenness and photosynthetic rates in soybean. Crop Science
35(5):1411-14. Sept/Oct. [23 ref]
• Summary: “Leaf photosynthesis is a complex process.
Determination of photosynthetic rate is too time-consuming
to be used as a field selection criterion for cultivar
development. Two field experiments were conducted in
1994 to quantify the relationships of leaf photosynthetic
rates and other leaf characteristics (greenness, area, specific
weight) of soybeans...” Address: Plant Research Centre
(PRC), Agriculture and Agri-Food Canada, Research Branch,
Ottawa, Ontario, Canada K1A 0C6.
2735. Delhon, Patricia; Gojon, A.; Tillard, P.; Passama, L.
1995. Diurnal regulation of NO3- uptake in soybean plants.
I. Changes in NO3- influx, efflux, and N utilization in the
plant during the day/night cycle. J. of Experimental Botany
46(291):1585-94. Oct. [46 ref]
• Summary: The effect of light on NO3 utilization was
investigated in non-nodulated soybean (Glycine max
L. Merr., cv. Kingsoy) plants during a 14/10 hour light/
dark period at a constant temperature of 26 ºC. A 30-50%
decrease of net N03- uptake rate was observed 2-6 h after
the lights were turned off. Address: Biochimie et Physiologie
Végétales, ENSA-M/INRA/CNRS URA 573, Place Viala,
F-34060 Montpellier cedex, France.
2736. Delhon, Patricia; Gojon, A.; Tillard, P.; Passama, L.
1995. Diurnal regulation of NO3- uptake in soybean plants.
II. Relationship with accumulation of NO3- and asparagine
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in the roots. J. of Experimental Botany 46(291):1595-1602.
Oct. [29 ref]
• Summary: “These data strongly support the conclusion
that the effect of light on N03- uptake is not mediated by
changes in translocation and accumulation of N compounds.”
Address: Biochimie et Physiologie Végétales, ENSA-M/
INRA/CNRS URA 573, Place Viala, F-34060 Montpellier
cedex, France.
2737. Martinez Viera, Rafael. 1996. Work with bioactive
products at INIFAT in Cuba (Interview). SoyaScan Notes.
Jan. 10. Conducted by William Shurtleff of Soyfoods Center.
• Summary: Dr. Martinez earned his PhD in Leipzig, East
Germany. For many years he was the editor of Ciencias de
la Agricultura (Agricultural Science) a biannual journal
published by the Cuban Academy of Sciences and INIFAT.
He is now writing a history of INIFAT and of eminent
agricultural scientists in Cuba.
His main line of research is sustainable agriculture,
specializing in bioactive products including biofertilizers,
biostimulants, and natural pesticides extracted from
plants. He has done considerable research on Azotobacter,
a nitrogen-fixing bacterium which began to be used
and studied with soybeans in other countries in the late
1960s; unlike Rhizobium, Azotobacter is associative, not
symbiotic. In most cases Azotobacter competes with or is
even antagonistic to Rhizobium in the soil. Its use allows
farmers to use about 40% less fertilizers with some crops.
Thirty days after planting soybeans, Dr. Martinez handsprays Azotobacter on the leaves; there the bacteria produce
vegetable hormones, such as cytokinins, auxins, gibberellins,
and amino acids–all of which stimulate the growth of the
plants and, more importantly in Cuba, reduce the rate of
flower abortion. Cuban scientists have developed special
strains that produce 14 amino acids and that cause a 20%
increase of soybean yield and a 30% yield increase in some
other plants. His group is now developing a solid form of
Azotobacter for export.
He has also done research with other bacteria which
transform organic phosphorus in the soil into a non-organic
form which many plants, including soybeans, can assimilate.
Humberto Diaz is the only breeder of new soybean
varieties in Cuba. Pelican was the best introduced variety,
but the varieties developed by Diaz have been significantly
better. In Cuba, there is a special need to develop different
varieties for planting in the three different soybean growing
seasons. The variety V-9 (named after the Russian geneticist
Vavilov) is now grown on a large scale in Cuba. It was first
grown 4-5 years ago for spring forage, of which it yields
about 30 metric tons/ha. In winter it produces about 2,000
kg/ha of seed. The best varieties grown for soybean seeds
yield about 3,000 kg/ha on small test plots, 2,000 kg/ha on
small farms, and 1,200 kg/ha on large farms.
In the area surrounding Cuban cities organoponic

agriculture (organoponics, derived from hydroponics) is now
becoming popular. In this form of urban agriculture, organic
matter is mixed with soil in raised beds, which yield up to 20
kg per square meter of fresh vegetables. Imported soybeans
are used mostly for livestock feed (for cattle, chickens, and
eggs) and for food.
Note: Memories of INIFAT. A lovely place with a lush
garden of exotic palms in a huge central courtyard, and a
long driveway at the front lined with stately, tall Cuban
palms. Large archives with many old documents and very
helpful librarians. Very nice people. Not one photocopy
machine in the entire complex. Address: PhD, Chief of
Bioactive Products Dep., INIFAT, Santiago de las Vegas,
Cuba.
2738. Lussenhop, John. 1996. Collembola as mediators of
microbial symbiont effects upon soybean. Soil Biology &
Biochemistry 28(3):363-369. March. [26 ref]
• Summary: Note: “Springtails (Collembola) form the
largest of the three lineages of modern hexapods that are
no longer considered insects (the other two are the Protura
and Diplura). Although the three orders are sometimes
grouped together in a class called Entognatha because they
have internal mouthparts, they do not appear to be any more
closely related to one another than they all are to insects,
which have external mouthparts.”
“Collembolans are omnivorous, free-living organisms
that prefer moist conditions. They do not directly engage
in the decomposition of organic matter, but contribute to
it indirectly through the fragmentation of organic matter
and the control of soil microbial communities.” Source:
Wikipedia.
“Summary: The hypothesis that collembola affect
rhizobia and mycorrhizas of soybean (Glycine max) and
thus indirectly change leaf tissue nutrient concentration was
studied in pot and field experiments. When a high density
of the collembolan species Folsomia candida, was added to
pots, the number of nodules per plant increased 52%.
“This study showed that both available soil P
[phosphorus] and collembola density determine mycorrhizal
benefits. In natural habitats, intermediate collembola
density and low soil P are expected to maximize benefits
of mycorrhizas to plants”. Address: Dep. of Biological
Sciences, Univ. of Illinois at Chicago, 845 W. Taylor St.,
Room 3262, Chicago, Illinois 60607-7060.
2739. Chandra Sekhar, C.N.; Manian, K. 1996. Influence
of potassium on the seed quality of soybean. In: Alex
Buchanan, ed. 1996. Proceedings of the Second International
Soybean Processing and Utilization Conference: 8-13
January 1996, Bangkok, Thailand. Bangkok, Thailand:
Printed by Funny Publishing Limited Partnership.
Distributed by The Institute of Food Research and Product
Development, Kasetsart University. xviii + 556 p. See p. 88-
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91. [12 ref]
• Summary: Two forms of potassium were tested: KCl
(called potassium chloride or murate of potash) and
K2SO4 (potassium sulfate or sulphate / sulfate of potash).
Experiments were conducted to evaluate the influence of
these two forms of potassium on the quality and composition
of two soybean cultivars. Supplemental potassium applied
in both forms increased the oil content by 10% compared
to the control in both varieties. “There was a concomitant
decline in protein content which showed a clear negative oil
to protein relationship.” In general, when soybean oil content
increases, protein tends to decrease. A 1% spray of potassium
sulfate “at the peak flowering stage improved both the oil
and protein contents compared to the control suggesting that
supplementation with K2O (potassium oxide) at the later
growth stages of soybean led to better seed quality.” Address:
Asst. Professors, Dep. of Crop Physiology, Tamil Nadu
Agricultural Univ., Coimbatore–641 003, Tamil Nadu, India.
2740. Lacombe, S.; Dayde, J. 1996. Effect of temperature
on the protein content of soybeans. In: Alex Buchanan, ed.
1996. Proceedings of the Second International Soybean
Processing and Utilization Conference: 8-13 January 1996,
Bangkok, Thailand. Bangkok, Thailand: Printed by Funny
Publishing Limited Partnership. Distributed by The Institute
of Food Research and Product Development, Kasetsart
University. xviii + 556 p. See p. 46-50. [11 ref]
• Summary: Protein is the nutrient desired above all by
those using soybeans in Europe to make soyfoods. The
protein content of a soybean variety is due to both genetic
and environmental factors. However each variety reacts to
environmental effects in its own way.
The following varieties (with maturity group) were used:
Major (000). Labrador (00). Chandor (0). Weber (I). PI 437
759 (I-II). Kador (II). Provar (II). MD-27-5-1 (II).
This study covers the daily maximum temperature
during seed filling, i.e. from R5 to R7 stages as defined by
Fehr and Caviness (1977). The first step is to chose an earlymaturing variety and/or an appropriate planting date. When
the sum of the daily maximum temperatures during the seed
filling period was increased, the seed protein content also
increased. Address: Laboratoire de Physiologie Végétale–
Ecole Supérieure d’Agriculture de Purpan–75 Voie du Toec–
31076 Toulouse, France.
2741. Li, R.H.; Lei, Z.Y.; Sui, S.Q.; Sun, Z.; Song,
H.; Liu, L.; Wan, S.F.; Li, D. 1996. The effect of high
frequency electrical field treatment on soybean biochemical
qualities. In: Alex Buchanan, ed. 1996. Proceedings of the
Second International Soybean Processing and Utilization
Conference: 8-13 January 1996, Bangkok, Thailand.
Bangkok, Thailand: Printed by Funny Publishing Limited
Partnership. Distributed by The Institute of Food Research
and Product Development, Kasetsart University. xviii + 556

p. See p. 544-49. [6 ref]
• Summary: High-frequency electrical treatment (HFT)
has been widely applied in drying crops and promoting
germination. Soybeans were treated for different times by 18
megahertz high frequency, then their biochemical qualities
were measured. Address: Development and Research
Centre of Science & Technology, Jilin Provincial College,
Changchun 130022, P.R. China and Jilin Agricultural Univ.,
Changchun 130118, P.R. China.
2742. Rangappa, M.; Bhardwaj, H.L.; Hamama, A.A. 1996.
Water absorption as related to soybean seed characteristics.
In: Alex Buchanan, ed. 1996. Proceedings of the Second
International Soybean Processing and Utilization
Conference: 8-13 January 1996, Bangkok, Thailand.
Bangkok, Thailand: Printed by Funny Publishing Limited
Partnership. Distributed by The Institute of Food Research
and Product Development, Kasetsart University. xviii + 556
p. See p. 129-33. [5 ref]
• Summary: “Mature seed of 36 soybean lines, differing
in chemical composition (contents of protein, oil, and fatty
acids) and seed size (small: 100 seed weight < 10g; medium
100 seed weight 10 to 20g; and large: 100 seed weight >20g),
were soaked in water for 4, 8, or 12 hours to evaluate water
absorption. The differences based on chemical composition
were significant only for 4 hours soaking treatment, when
seed with high protein and oil contents absorbed significantly
more water than those with lower contents. Variation in
contents of fatty acids was not related to water absorption.
Smaller seeds absorbed significantly more water (84, 124,
and 140% of original weight) compared to medium seeds
(63, 99 and 120% of original weight), or large seeds (78,
109, and 129% of original weight), respectively upon 4, 8
and 12 hours of soaking.” Address: Agricultural Research
Station, Virginia State Univ., Box 9119, Petersburg, VA
23806.
2743. Wang, Zhe; Xu, Fuping. 1996. The research and
application of moistening-heating softening technology
theory for soybeans. In: Alex Buchanan, ed. 1996.
Proceedings of the Second International Soybean Processing
and Utilization Conference: 8-13 January 1996, Bangkok,
Thailand. Bangkok, Thailand: Printed by Funny Publishing
Limited Partnership. Distributed by The Institute of Food
Research and Product Development, Kasetsart University.
xviii + 556 p. See p. 550-56.
• Summary: This article puts forth a coherent theory
concerning soybean moistening, heating, and softening,
focusing on water-permeation and heat-softening. This
theory better solves the key problems related to soybean
processing such as the valves sticking together, hard cores
left in the valves, the comparatively dry skin appearing on
the surface, over-cooking of the soybeans, denaturation of
the protein, and the softening equipment used in the crushing
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process. This theory is important in China for pre-pressing
as part of the soybean crushing process. Address: Senior
Engineers, Heilongjiang Cereals School, No. 83, the 3rd
Lane, Hexing Road, Harbin 150080, P.R. China.
2744. Cober, E.R.; Tanner, J.W.; Voldeng, H.D. 1996.
Genetic control of photoperiod response in early-maturing,
near-isogenic soybean lines. Crop Science 36(3):601-05.
May/June. [16 ref]
• Summary: “Photoperiod response is one factor responsible
for the regional adaptation of soybean... cultivars. Few
photoperiod response studies have been carried out with
lines containing alleles for lab maturity at only one or a few
loci. An understanding of the photoperiod response of earlymaturing soybean lines would facilitate cultivar development
in short-season areas.” Address: 1&3. Plant Research Center,
Agriculture and Agri-Food Canada, Ottawa, ON, Canada,
K1A 0C6.
2745. Cober, Elroy R.; Tanner, J.W.; Voldeng, H.D. 1996.
Soybean photoperiod-sensitivity loci respond differentially to
light quality. Crop Science 36(3):606-10. May/June. [26 ref]
• Summary: “Soybean... genotypes have been identified
that show differential sensitivity to light quality. The use
of different lamp types emitting light of different quality
changed flowering responses to long days. The objective of
this study was to investigate the flowering response of three
photoperiod-sensitivity loci to long days of various light
qualities.” Address: 1&3. Plant Research Center, Agriculture
and Agri-Food Canada, Ottawa, Ontario Canada K1A 0C6.
2746. Vollmann, J.; El Hadad, T.; Gretzmacher, R.;
Ruckenbauer, P. 1996. Seed protein content of soybean
as affected by spatial variation in field experiments. Plant
Breeding 115:501-07. Dec. [36 ref]
• Summary: “Abstract: The variation of soybean seed
protein content has been investigated in performance trials
of maturity group 000 to I genotypes at different locations
in the eastern part of Austria between 1992 and 1994. In
all experiments evaluated, significant portions of spatial
variation were identified which affected seed protein content
in the range of -25 to + 30 g/kg... The ranking of genetic
entries was considerably biased by spatial variations, which
would have reduced the efficiency of selection for high
protein content if genotype performance was not adjusted for
field variation.” Address: Univ. of Agriculture, Agronomy
and Plant Breeding Dep., Gregor Mendel Str. 33, A-1180
Vienna, Austria.
2747. Helms, T.C., Deckard, E., Goos, R.J.; Enz, J.W. 1996.
Soybean seedling emergence influenced by days of soil water
stress and soil temperature. Agronomy Journal 88:657-61. *
2748. Hasse, Geraldo; Bueno, Fernando. 1996. Chronology

of the soybean in Brazil (Document part). In: G. Hasse
and F. Bueno. 1996. O Brasil da Soja: Abrindo Fronteiras,
Semeando Cidades [The Brazil of Soy: Opening Frontiers,
Sowing Cities]. Porto Alegre, Brazil: L&PM Editores S.A.
256 p. See p. 198-99, 255-56. Illust. 32 x 28 cm. [Por; Eng]
• Summary: An excellent chronology: 1882–The earliest
known planting of soybeans in Brazil, at Bahia. 1889–The
first technical article on soybeans is published in Instituto
Agronômico (Campinas, Sao Paulo). 1900–Experimental
soybean plantations in Rio Grande do Sul. 1908–Japanese
immigrants cultivate soybeans at home in the interior of
Sao Paulo. 1914–In Porto Alegre, E.C. Craig teaches about
soy. 1921–Seed is distributed to settlers of Santa Rosa, Rio
Grande do Sul, by priest Albert Lehnbauer. 1923–Henrique
Lobbe begins the testing of American varieties in Sao Simao,
Sao Paulo.
1930–Planting and cooking in northeastern Rio Grande
do Sul is taught by Czeslaw Biezanko. 1934–Seeds are
brought from China to Minister Fernando Costa by actress
Patrícia Galvao. 1935–Neme Abdo Neme begins his
experiments in Agronômico from Campinas. 1938–The first
shipment from Rio Grande do Sul to Germany is exported by
Frederico Ortmann.
1941–Soy first enters agricultural statistical data of Rio
Grande do Sul. 1945–Soy first enters agricultural statistical
data of Sao Paulo. 1948–In order to add soy to Patroa cotton
oil, Swift encourages planting in the interior of Sao Paulo.
1950–José Gomes da Silva begins the Soy Campaign
in Sao Paulo, introducing new American varieties. 1951–
Francisco de Jesus Vernetti begins to research soy at Iapas,
Pelotas, Rio Grande do Sul; Incobrasa inaugurates its factory
in Gravataí, Rio Grande do Sul, and launches the Santa Rosa
oil, with technology brought by the Chinese who fled Mao
Zhe Dong’s revolution. 1952–Sorol produces soybean oil in
Pelotas. 1955–Chinese entrepreneurs establish Igol in Santa
Rosa and soy is planted to recover frosted coffee plantations
in Paraná. 1957–In Porto Alegre, Merlin launches canned
oil. 1958–Samrig inaugurates a factory in Esteio, Rio Grande
do Sul, and launches the Primor oil and margarine; Shiro
Miyasaka discovers a soybean variety that is less sensitive
to the photoperiod in the Paraíba river valley; foundations of
the Federaçao das Cooperativas Tritícolas do Sul (Southern
Wheat Cooperatives Federation) (Fecotrigo).
1962–In Giruá, Rio Grande do Sul, Sadi Pilau
establishes a factory. 1963–The Federal University of Viçosa,
Minas Gerais, begins to study varieties adapted to the
cerrados.
1966–Santa Rosa, the first great Brazilian variety,
resulting from crosses of American strains, is launched at the
First National Soy Festival. 1967–Operation Armadillo, in
the interior of Rio Grande do Sul, a milestone of the couple
wheat-soy, is financed by Banco da Brasil; first Soy Festival
in Sao Joaquim da Barra, Sao Paulo. 1968–Romeu Kiihl
returns from the U.S. after studying soy’s ability to adapt
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to different latitudes. 1969–Mineira and Viçoja varieties
launched by UFV.
1970–Soy begins to be planted in Mato Grosso (do
Sul) and penetrates the cerrados of Goiás. 1971–Olvebra
begins operation after the fusion of four factories from
Rio Grande do Sul; the National Commission on Soy
Research is established in the Ministry of Agriculture,
which is responsible for launching BR seed varieties. 1972
April 4–Ceval is founded by the Hering company. Oct.–
Begins regular operations in Gaspar, Santa Catarina. 1973–
Anderson Clayton, Cargill and Irmaos Pereira factories are
inaugurated in Ponta Grossa, Paraná. 1973–Soy prices boom
in the international market. 1974–Settlers from Rio Grande
do Sul visit the Chicago Stock Market.
1976–The National Center for Soy Research, of
Embrapa, begins operation in Londrina, Paraná. The Sadai
group, the biggest consumer of soybean meal, begins
processing soy in a factory in Toledo, Paraná; Perdigao
establishes a factory in Videira, Santa Catarina.
1980–Soy broadens the agricultural frontier to the
cerrados in Bahia. 1981–FT-Cristalina variety is launched,
suitable for the cerrados. 1982–The “Centralsul Scandal”
exposes the crisis of the southern agriculture cooperatives;
international credit to Brazil is cut by the International
Monetary Fund. 1985–Beginning of the transference process
of the soybean crushing industries to the Central-West.
1990–Soybean penetrates Maranhao and Piauí. 1994–
National production record, consisting of more than 25
million tons.
1995–The established capacity of the soybean
processing industry reaches 116,000 tons per day; soy
businesses represent U.S. $7.5 billion–more than 1% of
GNP. 1996–The federal government invests in waterways
and railways to consolidate the agricultural frontiers of the
Central-West. Address: 1. Journalist; 2. Photographer. Both:
Brazil.
2749. Morton, Julia. 1996. The Morton Collecteana: An
information center in economic botany. In: Jules Janick, ed.
1996. Progress in New Crops. Arlington, Virginia: ASHS
(American Society for Horticultural Science) Press. xix +
660 p. See p. 147-150.
• Summary: Contents: Introduction. History. Acquisition
of information: Utility of the Collecteana. Searching the
Collecteana (totally manual, organized by botanical species,
with no internal index to subject content).
“The Morton Collectanea of the University of Miami,
Coral Gables, Florida, is a specialized reference and research
department devoted to the acquisition, classification, physical
collation, and maintenance of subject-filed data in the field of
economic botany, with special emphasis on the tropical and
subtropical. This information is contained in 500 file drawers
and includes approximately 15,000 species (Fig. 1).”
“To optimize the use of the Morton Collecteana and

to extract a broad range of data from its subject files, it is
considered that a computerized information storage and
retrieval system be installed.”
A photo shows the home of the Collecteana with many
file cabinets and periodical folders.
Note: Wikipedia has a good entry for Julia Morgan,
including “Obituary of Jilia Morgan” in New York Times
(1996 Sept. 14).
“Morton continued to write, lecture, and answer
inquiries at the Collectanea even after retiring. She retired
from teaching in 1993, after being a University of Miami
professor for about 4 decades. She was critically injured
in an automobile accident on August 28, 1996 and died on
September 10, 1996” (Source: Wikipedia). Address: Univ.
of Miami, Morton Cellecteana, Box 248204, Coral Gables,
Florida 33124.
2750. Palmer, R.G.; Hymowitz, T.; Nelson, R.L. 1996.
Germplasm diversity within soybean. In: D.P.S. Verma and
R.C. Shoemaker, eds. 1996. Soybean: Genetics, Molecular
Biology, and Biotechnology. Wallingford, England: CAB
International (Commonwealth Agricultural Bureaux). x +
270 p. See p. 1-36. Chap. 1. [234 ref]
• Summary: Contents: Introduction. Germplasm–Subgenus
Soja. Germplasm–Subgenus Glycine. Germplasm–
Characterization of diversity: Soybean breeding and loss
of diversity, diversity for ‘yield’ traits within G. max,
diversity for value-added traits within G. max, diversity
for pest resistance/tolerance within G. max, diversity for
physiological traits within G. max, soybean breeding and
use of G. soya, diversity for cytogenetic and molecular traits
within G. max and G. soja. Conclusions.
The introduction states: “There are more than 100,000
Glycine max accessions, probably less than 100,000 Glycine
soja accessions, and approximately 3,500 accessions
of perennial Glycine species in germplasm collections
throughout the world. Inasmuch as the only worldwide
survey of soybean collections is a decade old (Juvik et al.,
1985), the exact numbers are unknown. Major Glycine
collections exist in Australia, Brazil, China, Germany, India,
Indonesia, Japan, Russia, South Korea, and the United
States. Many other smaller but important collections exist
throughout Asia and Europe.”
Tables show: (1.1) List of species in the genus Glycine
Willd., three-letter code, 2n, standard (PI), genome symbols
and distribution. (1.2) Origin and number of accessions of
Glycine soja in the USDA Soybean Germplasm Collection
from China. (1.3) Origin and number of accessions of
Glycine soja in the USDA Soybean Germplasm Collection
from Japan. (1.4) Origin and number of accessions of
Glycine soja in the USDA Soybean Germplasm Collection
from South Korea. (1.5) Origin and number of accessions of
Glycine soja in the USDA Soybean Germplasm Collection
by country and maturity group. (1.6) Origin and number of
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accessions of Glycine max in the USDA Soybean Germplasm
Collection. (1.7) Number of accessions of Glycine max in the
USDA Soybean Germplasm Collection by maturity group.
(1.8) Representative examples of plant introductions and
their descendants used in pest reaction studies in soybean
(19 references from 1951-1992). (1.9) Representative
examples of plant introductions and their descendants used
in qualitative genetic studies in soybean (34 references
from 1918-1992). (1.10) Representative examples of plant
introductions and their descendants used in protein and
isozyme studies in soybean (13 references from 1977-1992).
Figures show: (1.1) Summary of genomic relationships
based on cytogenetics and seed protein profiles among 11
of the 16 wild perennial species of the subgenus Glycine.
Address: 1. United States Dep. of Agriculture, Agricultural
Research Service, FCR and Dep. of Agronomy and Zoology/
Genetics, Iowa State Univ., Ames, IA 50011; 2. Dep. of
Agronomy, Univ. of Illinois, Urbana, IL 61801; 3. USDAARS and Dep. of Agronomy, Univ. of Illinois, Urbana, IL
61801.
2751. Thompson, Keith. 1997. History of breeding soybeans
for use in making natto at Jacob Hartz Seed Co. (Interview).
SoyaScan Notes. Jan. 20. Conducted by William Shurtleff of
Soyfoods Center.
• Summary: Hartz got involved with natto and with food
soybeans in 1975 when Yaichiro Mogi, founder and president
of Asahi Shokuhin, a major Japanese natto manufacturer,
contacted Continental Grain in Vancouver, BC, Canada. Bud
Currie (phone: 604-684-7292) of Continental was there at
the time and he knows the whole story in detail. Continental
Grain then contacted Jacob Hartz Seed Co. in 1975 on behalf
of Mr. Mogi. It was probably not until about 1979 or 1980
that Hartz’s program to breed natto soybeans began to yield
some results. The first natto soybean they bred successfully
was their H-24. The small seeded soybeans they had before
that shattered so badly (the seeds popped out of the pods
before harvest) that after farmers grew it once, they refused
to grow it again. Now Hartz has 6 natto varieties. Hartz was
one of the first American seed companies to breed soybeans
for food use. Hartz is still dealing with Mr. Mogi, as they did
more than 20 years ago. He is buying more soybeans direct
than anyone else in the business, because he does not go
through all the multiple steps of purchasing (importer, then
wholesaler) as is typical in Japan. In the early 1980s Hartz
added a second customer for natto beans, as they started
working with Mitsubishi. Today Mitsubishi and Continental
sell natto soybeans bred by Hartz to other natto makers in
Japan.
At a rather early date, Mr. Mogi decided that what made
a soybean variety good for use in natto could be determined
by scientific research. So, long ago, he established a research
lab, and they started comparing soybean varieties, looking
at several other characteristics (especially the chemical

composition) in addition to seed size and hilum color. He
communicated is research findings to Hartz, and they started
screening based on the criteria that he desired. They started
with small seed size and light hilum color, then tried to add
more characteristics (such as high sucrose content) into the
mix. Of course, Hartz would also like to get a high yield, but
they have never been able to get good natto beans that yield
well. So they end up sacrificing yield to get the other desired
characteristics. “We think we’ve got the best natto breeding
program in the world–by a long shot.” Keith doesn’t know
of any other private company breeding natto soybeans and
only a few universities (in Nebraska, Virginia, Minnesota,
and South Dakota) are “tinkering around with natto beans.”
One major problem is that you must start with a very small
germplasm pool–typically a southern pool because it is small
seed size to begin with. There are some Midwestern and
some Canadian natto varieties, yet at least 75% of all natto
soybeans exported to Japan are grown in the South–by Hartz,
James Dunn, and 2-3 others. Hartz is the largest supplier.
Historically, Mr. Mogi has said that a particular soybean
variety is good for making natto, many other natto makers
start buying that variety. Once a natto manufacturer finds a
variety he likes, he would prefer not to change it. Hartz has
developed a natto variety that yields better, but Mr. Mogi
has refused to accept it, so it probably will die. Hartz’s
competition (Asgrow, Pioneer, Northrup-King, smaller
companies, etc.) are constantly trying to get better yield. The
name of the game is to keep the desired natto characteristics
but to constantly improve the yield.
Hartz sells two types of soybeans–food and commercial:
50% of its soybeans are sold to food manufactures and the
remaining 50% (commercial) are sold to Southern farmers
for planting and eventual use as oil and meal. The amount
of soybeans sold for food use will continue to increase, but
its percentage of the total will drop, because Hartz plans to
rapidly expand its production of Monsanto’s Roundup Ready
soybeans, which are very profitable.
When Keith started in the soybean seed business in
1978, there were less than 10 soybean varieties in the
southern United States–in 3 maturity groups. All of these
were public varieties, bred at southern universities. Keith
came to work for Hartz in 1983. Hartz introduced its first
proprietary (private) commercial varieties (for planting by
farmers) in 1984. The farmer is interested only in yield.
Hartz is now looking to South America as an important new
market. Address: Food and Export Manager, Hartz Seed, P.O.
Box 946, Stuttgart, Arkansas 72160. Phone: 800-932-7333.
2752. Carter, Thomas E., Jr. 1997. Public variety
release summary: Table 1. Raleigh, North Carolina. 7 p.
Unpublished manuscript. 35 cm. [43 ref]
• Summary: This table is titled “Pedigree and related
information for North American varieties released during
1992 and Feb. 1997.” For each variety the following
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information is given: Variety name. Maturity group. Year
released. Pedigree. Prior designation. Developer. PI No. Reg.
Lic. Reference. Note: The letters “AC” before a variety name
stand for Agriculture Canada.
The varieties are: 9063, AC Albatros, AC Brant, AC
Colibri, AC Cormoran, AC Harmony, AC Hercule, AC
Pinson, AC Proteus, Accomac, Achiever, Agassiz, Alpha
(1996), Alpha (1992), Athow, Benning, Bronson, Cache,
Calhoun, Carver, CF461, CF492, Charleston, Chesapeake,
Ciaric, Cisne, Colfax, Conrad 94, Council, Danatto,
Defiance, Delsoy 5500, Dillon, Doles, Faribault, Fillmore,
Flint, Freeborn, General, Glacier, Graham, Granite, Haskell,
Hendricks, Holladay, Holt, IA1005, IA1006, IA2007R,
IA2008R, IA2011, IA2012, IA2013, IA2016, IA2017,
IA2018, IA2019, IA2020, IA2021, IA2022, IA2023, IA2024,
IA2025, IA2027, IA2028, IA2029, IA2030, IA2032, IA2033,
IA2034, IA2035, IA2036, IA3001, IA3002, IA3003,
IA3004, IA3005, IA3006, IA3007, IA3008, IA4001 (Note:
IA varieties are from Iowa), Iroquois, K5292, Kenwood 94,
KS3494, KS4694, KS4895, Lambert, Lancaster, LN90-4524,
Lyon, Macon, Magellan, Marcus 95, Maverick, Maxcy,
Mercury, Micron, Mustang, Nemaha, ODell, Ohio FG1, Ohio
FG2, Pace, Parker, Pearl, Piatt, Probst, Saline, Sandusky,
Saturn, Stressland, Thorne, TNS, Toyopro, Traill, Vernal,
Vertex, Wicomico, Yale. Address: Research Geneticist /
Assoc. Prof., USDA-ARS, North Carolina State Univ.,
Raleigh, NC.
2753. Morrison, Malcolm J.; Voldeng, H.D.; Guillemette,
R.J.D.; Cober, E.R. 1997. Yield of cool-season soybean line
differing in pubescence color and density. Agronomy Journal
89(2):218-21. March/April. [13 ref]
• Summary: “Soybean... pubescence color may affect yield
in cool-season soybean growing areas. The objective of
this research was to examine the interaction of tawny (T)
and gray (G) pubescence color with dense (D) and normal
(N) pubescence density on seed yield. Lines differing in
pubescence color and density were created from crosses with
eight soybean cultivars adapted to Maturity Group 00 and
0 conditions.” Address: Agriculture Canada, Eastern Cereal
and Oilseed Research Center (ECORC), Central Exp. Farm,
Building 75, Ottawa, ON K1A OC6, Canada.
2754. Natural Foods Merchandiser. 1997. James Duke:
Author, botanist, and man on the fringe. Years spent in the
rain forest he loves gives James Duke a unique perspective
on the world, herbs, and industry. March. p. 144, 146.
• Summary: Dr. Duke is retired an lives on a 6-acre rural
farm in Maryland. He believes (as do most scientists) that
wild yams do not contain any progesterone; “no known
progesterone grows wild.” Two color photos show James
Duke, PhD.
2755. Voldeng, H.D.; Cober, E.R.; Hume, D.J.; Gillard,

G.; Morrison, M.J. 1997. Fifty-eight years of genetic
improvement of short-season soybean cultivars in Canada.
Crop Science 37(2):428-31. March/April. [11 ref]
• Summary: “Yield has been improved about 0.5% per year
during the period under study; however, since 1976 yield has
been improved about 0.7% per year. There is evidence that
the rate of genetic improvement of seed yield is accelerating.
Significant lodging reduction was also observed.” Seed
protein levels have been reduced and seed oil levels have
increased.
1942 was the year of first soybean production statistics
in Canada.
Tables show: (1) List of varieties, maturity group, year
of release, and pedigrees of cultivars tested in 1993 and
1994. This table has 5 columns: (1) Code, A-Z, a-o. (2)
Variety. (3) Maturity group. (4) Year of release. (5) Pedigree.
The varieties are listed in order of year of release.
“A Mandarin 0 1934 Manchurian introduction
“B Kabott 00 1937 originated from Ninguta Manchuria
collection
“C Pagoda 00 1939 Mandarin/Manitoba Brown
“D Capital 0 1944 17 l(Manchuria)/AK(Harrow)
“E Flambeau 00 1948 selection from early Russian
variety
“F Acme 00 1953 single plant selection from Pagoda
“G Comet 0 1953 Pagoda/Mandarin
“H Crest 00 1957 Manitoba Brown/Mandarin/2/
Mandarin
“I Merit 0 1959 Capital/Blackhawk
“J Portage 00 1964 Acme/Comet
“K Altona 00 1966 Flambeau/052-903
“L Vansoy 00 1970 Lincoln/Flambeau/2/Goldsoy
“M Morsoy 00 1970 Acme/L48-7289
“N Evans 0 1974 Merit/Harosoy
“O Beechwood 0 1976 $58.544/Merit
“P Maple Arrow 00 1976 Harosoy 63/840-7-3
“Q McCall 00 1978 Acme/Chippewa/2/Hark
“R Maple Presto 000 1979 Amsoy/Portage/2/840-7-3
“S Maple Amber 00 1981 Altona/Harosoy 63/2/840-7-3
“T Bicentennial 00 1983 Fiskeby V/Harosoy
“U KG20 00 1983 059-903/Hardome/2/McCall
“V Apache 00 1984 PI 232.99712/AltonalCalland
“W Baron 00 1984 Harosoy 63/Fiskeby V
“X Maple Ridge 00 1984 Fiskeby III/Evans
“Y Maple Isle 00 1984 PI 194.641/2*Harosoy e3
“Z KG30 00 1984 McCall/Maple Arrow
“a OAC Libra 0 1985 Fiskeby V/Harosoy 63/2/Evans
“b OAC Scorpio 00 1986 McCall/Bicentennial
“c Maple Donovan 0 1986 Maple Arrow/Harcor
“d Maple Glen 00 1987 BD22115-13/Premier
“e 9061 0 1988 Wells/1677
“f S00-88 00 1989 Maple Presto/Woodworth/2/Maple
Arrow
“g OAC Frontier 00 1989 Maple Arrow/1677
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“h Maple Belle 00 1989 840-7-3/4*Evans e3
“i KG41 00 1989 B220/Maple Arrow
“j PS42 00 1990 Calland/Altona/2/840-7-3/ 3/premier
“k AC Bravor 0 1990 Maple Arrow/Wayne
“l Nordet 00 1992 059-903/Hardome/2/McCall
“m OAC Eramosa 00 1992 Baron/OAC Libra
“n AC Harmony 00 1992 Maple Presto/Williams/2/
Weber
“o 9071 0 1992 9061/9181
Table 2: Characteristics of the varieties in Table 1. The
9 columns are: (1) Cultivar. (2) Yield (kg/ha). (3) Maturity
(days). (4) Plant height (cm). (5) Lodging score. (6) 100 seed
weight (gm). (7) Seed protein (g/kg). (8) Seed oil (g/kg). (9)
Stability regression coefficient. Address: 1. Eastern Cereal &
Oilseed Research Center, Agriculture & Agri-Food Canada,
Central Experimental Farm (CEF), Ottawa, ONT K1A 0C6,
Canada.
2756. Liu, KeShun. 1997. Agronomic characteristics,
production, and marketing. In: KeShun Liu. 1997. Soybeans:
Chemistry, Technology, and Utilization. Florence, Kentucky:
Chapman & Hall. xxvi + 532 p. See p. 1-24. Chap. 1. Index.
[36 ref]
• Summary: Contents: Introduction. Origin. Early history
in Europe. Early history in North America. Agronomic
characteristics: Seed morphology, germination and
seedling development, growing stages and maturity groups,
seed development, nitrogen fixation, diseases and pests.
Harvesting, drying, and storage: Harvesting, drying, storage.
Marketing and trading. Grades, standards, and inspection.
Variety identification. Food beans and oil beans.
Figures: (1.1) Graph of total annual soybean production
in the USA and worldwide from 1955 to 1994. World
production increased from 20 million metric tons (tonnes)
in 1955 to 138 million tonnes in 1994. Note the huge
increases in 1992 and 1994. The United States’ share of
the total has been dropping since the mid-1970s. (1.2) Pie
chart of market share of world soybean production by major
producing countries between 1994 and 1995. USA 50.5%,
Brazil 18.2%, China 11.8%, Argentina 9.2%, all other 10.3%.
(1.3) Structure of a soybean seed (line drawing). Hypocotyl,
radicle, micropyle, hilum, epicotyl, plumule, cotyledon, seed
coat. (1.4) Stages in germination and early seedling growth
(line drawing). (1.5) Map of geographical zones of the
American continent where soybean maturity groups are best
grown. Extends from OO in southern Canada down to X in
southern Central America and northern South America. (1.6)
Graph of equilibrium level of soybeans with the temperature
and relative humidity of the surrounding air. Moisture
content of soybeans is the third variable plotted. (1.7) Graph
of allowable storage time for soybeans as functions of bean
temperature and percentage moisture content. (1.8) Diagram
of the general flow of grain from the farm through the
distribution system to the domestic and overseas processor.

(1.9) Diagram of a general outline of soybean food use
based on classification of oil and food beans. (1.10) Visual
differences between oil and food beans (photo). Left: oil
beans (3 cultivars in plastic bags). Right: food beans (top
and middle are two tofu bean cultivars, bottom is one smallseeded natto bean cultivar).
Tables: (1.1) The U.S. grades and grade requirements for
soybeans. Address: PhD, Soyfood Lab., Hartz Seed, a Unit
of Monsanto, P.O. Box 946, Stuttgart, Arkansas 72160-0946.
Phone: 870-673-8565.
2757. Liu, KeShun. 1997. Biological and compositional
changes during soybean maturation, storage, and
germination. In: KeShun Liu. 1997. Soybeans: Chemistry,
Technology, and Utilization. Florence, Kentucky: Chapman
& Hall. xxvi + 532 p. See p. 114-36. Chap. 3. Index. [59 ref]
• Summary: Contents: Introduction. Changes during soybean
maturation: Dry matter and proximate composition, fatty
acid composition, vitamins, biologically active components,
food values of immature soybeans [green vegetable
soybeans]. Biological aging during soybean storage: Storageinduced protein changes, other changes, effects on quality
of soy products, mechanisms of biological aging, prevention
of storage-induced quality loss. Changes during soybean
germination: Dry matter and proximate composition, fatty
acid composition, amino acid composition, vitamins,
biologically active components, food values of germinated
soybeans, references.
Immature soybeans have some nutritional advantages
over whole dry (mature) soybeans. These include higher
contents of ascorbic acid and Beta-carotene, and lower
contents of trypsin inhibitors, phytates, and oligosaccharides.
They are also have a sweeter and better flavor, and a more
tender texture. Address: PhD, Soyfood Lab., Hartz Seed, a
Unit of Monsanto, P.O. Box 946, Stuttgart, Arkansas 721600946. Phone: 870-673-8565.
2758. Bacanamwo, Methode; Harper, J.E. 1997. The
feedback mechanism of nitrate inhibition of nitrogenase
activity in soybean may involve asparagine and/or products
of its metabolism. Physiologia Plantarum 100(2):371-77.
June. [43 ref]
• Summary: “A feedback mechanism which involves sensing
of change in phloem N concentration has been proposed to
control nodulation and dinitrogen fixation in the presence of
external combined N. Whether this control is in response to
a change in total N or in some specific signal compound(s) is
not known.” Address: Univ. of Illinois, Urbana.
2759. Soya Bluebook Plus. 1997. Oilseed glossary:
Definitions and terms commonly associated with oilseed
products or processing. 1998. p. 354-60.
• Summary: Acidulated soapstock, activated, amino acids,
antioxidant, biodiesel, biotechnology, bleaching, bleaching
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earth, bolls, Bowman-Birk trypsin inhibitor, bran, break
material, cake, canola, canola meal, catalyst, coconut,
coconut–desiccated, coconut milk, coconut meal, cold
pressed soy oil, cold test, confection sunflower, cooking oil,
copra, copra meal, corn bran, corn feed meal, corn flour,
corn germ meal (wet milled), corn gluten feed, corn gluten
meal, corn grits, cotton linters, cotton plant by-product,
cottonseed–glandless, cottonseed cake (or cottonseed
flakes)–mechanical extracted, cottonseed meal–solvent
extracted, cottonseed screenings, cotyledon, cracked corn,
cracking, crude cottonseed oil, crude soy oil, defatted soy
flour, degermed, dehulled–dehulling, degummed soy oil,
degumming, deodorized, desolventizer-toaster, diglyceride,
drying oil, edamame, edible crude soy oil, edible refined
soy oil, emulsifier, endosperm, esterification, expanded–
expanding, expeller, extracted–mechanical, extracted–
solvent, extruded, extruder, extrusion, fat, fatty acid, feed
(feedingstuff), feed grade, fermented–fermenting, flaking,
flour, free fatty acid (F.F.A.), full-fat soy flour (enzyme
active or heated/toasted), fully refined soy oil, genetic
engineering, germ, ghee, gossypol, grain, green vegetable
soybeans, grits, groundnut, gumming, high-fat flour, hilum,
hulls, hydrogenated vegetable oil, hydrogenization [sic,
hydrogenation], hydrolyzed corn protein, hydrolyzed soy
protein, isolated soy protein, kibbled soybean meal, Kunitz
trypsin inhibitor, lecithin, lecithinated soy flour, linseed meal,
linters, lipoxygenase, low gossypol cottonseed meal, low-fat
soy flour, malto dextrins [maltodextrins], margarine, maturity
groups, meat analogs [meat alternatives], meat extenders,
melting point, methyl esters, miso, monoglyceride, natto,
nutraceuticals, oil, okara, once refined soy oil, oxidation,
palm kernel oil, palm olein, palm stearin, peanut hulls,
peanut meal, peanut skins, pellets, polymerization,
processing or extraction of oilseeds (also called “crushers” or
oil mill operations–solvent extraction, continuous pressing,
batch pressing), protein, pulses, raffinose, rancidity, rapeseed
meal–mechanical extracted, refining, refractive index (R.I.),
rolled or rolling, salad oil, shortening, soapstock, solvent
extracted, solvent extracted soybean flakes, soy flour, soy
grits, soy protein concentrate, soy protein isolate, soy
sauce (incl. that hydrolyzed with hydrochloric acid), soy
sprouts, soya, soya lecithin, soybean(s), soybean ground,
soybean cake, soybean curd, soybean fatty acids, soybean
feed–solvent extracted, soybean flakes and 44% protein
soybean meal, soybean flakes and high protein or solvent
extracted soybean meal, soybean hay sun-cured ground,
soybean hulls (or seed coats), soybean meal, soybean
meal–dehulled–solvent extracted, soybean meal–dehulled–
mechanical extracted, soybean mill feed, soybean mill run,
soybean processor, soybean protein product–chemically
modified, soybean seeds–extruded ground, soybean seeds–
heat processed, soybean solubles–condensed, soybean
solubles–dried, soyfoods, soymilk, soynuts, spinning (to
texturize soy protein isolate for food or industrial use),

stachyose, steepwater, sterols, sunflower hulls, sunflower
meal–dehulled–mechanical extraction, sunflower meal–
dehulled–solvent extracted, sunflower meal–mechanical
extracted, sunflower meal–solvent extracted, sunflower seed–
oil varieties, technical grade refined soy oil, tempeh, textured
soy concentrate, textured soy flour, textured soy protein,
toasting, tofu, transgenic, triglyceride, trypsin inhibitors,
unsaponifiable matter, unsaturation, vanaspati–vegetable
ghee, wet-milled, whole-pressed cottonseed–mechanical
extracted, winterized oil, yuba. Address: 318 Main St., P.O.
Box 84, Bar Harbor, Maine 04609. Phone: 207-288-4969.
2760. Soybean Digest. 1997. 1998 New variety preview:
Sponsored by Monsanto. Nov. p. 17-32.
• Summary: Page 18 begins like an article: “Roundup Ready
is hot trend in new varieties: But yield is still top profit key,
so consider all traits for 1998 selections,” by Syl Marking.
The text begins with a half-page introduction, in which he
repeats, “Final yield, with or without the Roundup Ready
gene, is still the bottom line.”
Yet nowhere are we given the yield of any soybean
varieties. Nowhere are we told that this insert is an
advertisement. Nowhere are varieties created by public /
university breeders represented. Nowhere are we told that all
or most of these varieties contain the Roundup Ready gene,
licensed from Monsanto, and those varieties must be sprayed
with Roundup herbicide made only by Monsanto.
Given all these major omissions, the varieties that follow
are organized by maturity group. Soybean Digest has limited
each seed company to four entries. To give you an idea of
what information is given, we will quote the first four entries
in Group I (p. 19-20):
“Gold Country Seed: GCS Raydor is a very early Group
I featuring high yield potential, the Rps6 gene for PRR
resistance and excellent lodging resistance. It has dominated
its maturity class in company replicated tests since 1993.
White mold and iron deficiency chlorosis tolerance are both
rated above average. Protein, 34.7%; oil, 17.9%.
“University of Minnesota: MN 1301, an early Group I
about three days later than Lambert, has outyielded Lambert
by about 5% in Minnesota and regional tests. It carries the
Rps1 gene for PRR resistance and has good iron deficiency
chlorosis resistance. Of average height and normal plant
canopy, it performs well in narrow rows. Protein, 37.2%; oil,
17.3%.
“Pioneer Hi-Bred International: 91B01, an early Group
I, features the Rps1k gene for multirace PRR resistance and
average tolerance to BSR and iron deficiency chlorosis. In
company tests it outyielded 9091 by 3.8 bu/acre. Standability
is rated very good; emergence, above average. It is adapted
to a wide range of environments, but particularly where PRR
is a problem. Protein, 35%; oil, 19%.
“Latham Seed Co.: 150 is an early Group I that offers
excellent stress tolerance, excellent emergence capability and
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high yield potential for its maturity class. It has very good
tolerance to PRR and good standability. It is a medium-short
and bushy plant type. No protein or oil data were available.”
Other seed companies not mentioned above include:
Cenex/Land O’Lakes, Novartis Seeds (formed from
Northrup King and Ciba Seeds), Iowa State University, Garst
Seed Co., Growmark, Golden Harvest, Dekalb Genetics,
Cargill Hybrid Seeds, Stine Seed Co., Asgrow Seed Co.,
Terra Industries, etc.
2761. Pioneer Hi-Bred International, Inc. 1997. Technology:
18 Pioneer® soybean varieties with the Roundup Ready gene
(Ad). Soybean Digest. Dec. p. 34.

• Summary: This one-third-page vertical color ad (displayed
here horizontally) shows the numbers of the pioneer
varieties superimposed on a map of the central United States
(Midwest) with 5 maturity groups listed vertically at the
right.
The small print at the left states: “PVP: Most Pioneer®
brand varieties are protected or protection applied for under
the Plant Variety Protection Act. Unauthorized propagation is
prohibited.”
2762. Elovson, Rune. 1997. Algot Holmberg & Söner AB
[Algot Holmberg & Sons Inc.]. In: Gösta Olsson, ed. 1997.
Den svenska växtförädlingens historia. Jordbruksväxternas
utveckling sedan 1880-talet. Stockholm: Kungl. Skogs- och
lantbruksakad. 320 p. See p. 81-84. Illust. 25 cm. [5 ref.
Swe]
• Summary: This history of plant breeding in Sweden
contains a chapter about the work of Sven Holmberg and
his father, Algot Holmberg, founder of the company Algot
Holmberg & Söner AB.
The seed company Algot Holmberg and Sons at Fiskeby
in Norrköping was by far one of Sweden’s oldest in its
category, and its roots go back as far as 1822 when Per
Holmberg established a small country store in Norrköping.
Eventually, it was taken over by his son P.J.A. Holmberg.
However, it was his grandson Algot Holmberg from which
the company got its name who upon his return from studies
abroad gave the company its modern direction. From 1891,
the company specialized entirely on producing and selling

seeds and, in the beginning, the preservation and cultivation
of local varieties and stocks from Östergötland and other
parts of central Sweden, especially forage roots and
leguminous plants. Eventually, the cultivation of potatoes
and oil- and protein- yielding plants such as mustard, flax
seed, sweet ‘lupin’ and above all soybeans was incorporated.
Fairly soon the breeding of grains was also added.
After the death of Algot Holmberg in 1927 his work was
continued by his sons Pehr A. and Sven A. Holmberg and the
company’s name was changed to Algot Holmberg and Sons
Inc. Pehr A. Holmberg was the head of the company while
Sven A. Holmberg was responsible for the breeding business.
In 1925 a close cooperation was initiated with the

Danish breeding company Pajbjergfonden which would
continue to exist for more than 40 years (Seed, 1965). The
purpose of the breeding business at Fiskeby was primarily to
produce varieties that were satisfactory to central Sweden’s
demands for gestation and cultivation dependability. The
varieties from Pajbjergfonden would then render the business
access also to varieties that suited the breeding demands of
southern Sweden. The cooperation also meant that crossings
performed at Holmberg’s or Pajbjergfonden became the
subject of choice at both of these breeding stations. At that
time, the breeding expert at Pajbjergfonden, Henrik Bogh,
periodically stayed at Fiskeby for this purpose.
During a period of time Professor Heribert-Nilsson was
linked to the breeding business at Algot Holmberg and Sons,
primarily for working with rye.
The demand for increased rationalization and to meet
the mounting costs of breeding resulted in the sale of Algot
Holmberg and Sons Seed and Breeding Company, including
all the breeding material to W. Weibull and Company in 1966
(Weibullsholm, 1970). The buildings with the warehouses
at Fiskeby outside of Norrköping, well known to all railroad
travelers between Malmö and Stockholm, were sold to
Fiskeby Bruk. The breeding of soybeans, however, continued
under the administration of Weibull in the same place in
localities rented by Fiskeby Bruk until 1984 at which time
the lease expired (the warehouses were to be demolished),
and the soybean breeding moved to Landskrona.
Breeding Results: In the beginning the greatest success
was achieved in the root category and the first result was
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the ‘Göta Turnip’ which has its origin in the ‘Östgöta
Turnip’, already grown in gardens for many years. Among
other things it had good resistance against club root of
cabbages disease. Thereafter, the focus was more on
fodder beets and above all fodder sugar beets which were
represented primarily by the varieties Svea Barres and Milka,
respectively. The focus was especially aimed at raising the
proportion of the total solids in the beets.
Of the leguminous plant Götaklöver is worth
mentioning. It is a late common purple clover and one
of the first bred clover families that has been released in
Sweden (commissioned by the agricultural scientist Gösta
Eriksson who during one period worked for the Holmberg
company). Furthermore, the intermediate common purple
clover Monark and the common white clover Milka from
Pajbjergfonden were also introduced.
The work with potatoes resulted in a local varieties for
Östergötland, Östergyllend which was commonly liked as
potatoes for human consumption (“A few words about Algot
Holmbergs Seed Breeding”).
In the grain category one can largely depend on the
varieties from Pajbjergfonden. The primary varieties were
the spring barley varieties Kungs and Kron and the oats
varieties Rex. The barley varieties were among other things
known for their resistance to nematode. Certain success
can be shown regarding Holmberg’s wheat breeding which
among other things was crossed with Finish material with the
intention of developing early varieties with good resilience
and resistance against spike germination. The spring wheat
varieties ‘Algot’ was approved and incorporated into the
Swedish list of varieties in 1969. It was a very early and
on the whole a well balanced spring wheat varieties. But it
was soon exceeded in yield by newer varieties and therefore
never marketed. By and large the wheat material was taken
over by and incorporated into Weibulls.
The breeding of soybeans: Since 1939 the operation
at Holmberg’s in Norrköping has largely consisted of the
soybean breeding, and without doubt this operation has made
the name Holmberg known, especially internationally. It
was Sven Holmberg who initially got the idea of adapting
the soybean to the Swedish climate. After having made
several attempts with varieties mainly from Canada and
Germany with poor results, in 1939-40 he made a journey
for sample collections to northern Japan and Sakhalin in
Eastern Siberia. These places have a summer climate similar
to that of Sweden, and a long tradition of breeding soybeans.
The basics for this type of soybeans which was developed
by Sven Holmberg (Holmberg, 1946, 1973) consisted of
crossings between early, hardy and low growing varieties
from these parts, and more higher growing varieties, mainly
from Germany (with its origin from Manchuria).
There are primarily three characteristics that distinguish
the soybean varieties from Holmberg’s breeding and that are
entirely essential to the adaptation to the Swedish climate:

(1) Adaptation to long-day-climate. (2) Tolerance against low
summer temperatures. (3) Early ripening. Three varieties of
soybeans from Sven Holmberg’s breeding are or have been
incorporated into the Swedish list of varieties, Fiskeby V,
Bråvalla and Träff. Fiskeby V is the highest yielding and
the tallest. It is also the most well known varieties, viewed
internationally. Bråvalla and Träff are short and extremely
early varieties. They ripen 8 and 12 days, respectively,
earlier than Fiskeby V. / In spite of the breeding success,
the soybean never attained common cultivation in Sweden,
primarily because its yield was low and uncertain in
comparison with other crops. Even if the breeding efforts in
this respect seemed to have failed, they have probably, on
a global scale, attained great value considering the invested
resources. The soybean varieties from Fiskeby are well
known among soybean growers all over the world, consisting
of a source for early gestation and tolerance against
low temperatures in breeding programs, wherever these
characteristics were needed.
The soybean breeding has now been discontinued and
the breeding material is stored at Nodiska Genbanken (The
Nordic Gene Bank).
For his achievements in plant breeding, Sven Holmberg
was given several awards, among other things A. W.
Bergsten’s Award and a silver plaque from the Royal
Academy of Forestry and Agriculture.
An illustration (portrait) shows: (1) Algot Holmberg
(1856-1927), founder of the seed company.
Photos show: (1) Holmberg’s Seed Cleaning
Establishment and Warehouse next to the railroad tracks in
Norrköping, Sweden.
(2) Sven Holmberg, Doctor of Agricultural Science,
holding out a bundle of soybean plants. He made significant
contributions as breeder of soybeans through producing
extremely early varieties. (3) Three soybean plants, shown
with a playing card to indicate their size, against a white
background. The short plant to the right is a primitive but
early country variety (Aojiro Gokuwase) of soybean from
Hokkaido, Japan. The tall plants to the left have been
chosen from one of the first crossings (St. K7 / 38 x Aojiro
Gokuwase) at Fiskeby.
The last three references are:
(3) Some words about Algot Holmberg’s Seed Breeding.
Publication by Algot Holmberg och Söner AB (Undated).
(4) Seed. 1965, Cooperation Holmberg-Pajbjerg 40
years. Algot Holmberg’s Yearbook 1965, 3-4.
(5) Weibull, J. 1970. Weibullsholm 1870-1970. I:
Weibullsholm 1870-1970. Anniversary Publication by Jörgen
Weibull. Landskrona, p. 7-49.
Note: The photos of figures 1, 2 and 3 were supplied by
Kerstin Wellving, Svalöv.
Translated by Anne-Marie Nordquist of Sonoma,
California. Address: Sweden.
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2763. Marcos-Filho, J.; McDonald, M.B.; TeKrony, D.M.;
Zhang, J. 1997. RAPD fragment profiles from deteriorating
soybean seeds. Seed Technology 19(1):33-44. [17 ref]
• Summary: “Soybean... seed deterioration occurs because
of several physiological factors. One model suggests
that a primary event causing loss of seed quality is DNA
degradation. To test this model, changes in DNA integrity
occurring during seed aging were evaluated using RAPD
(Random Amplified Polymorphic DNA).”
“Similar results were found for different seed tissues
that displayed the same banding patterns as the whole seeds
for each cultivar. This indicates that the standardization of
RAPD protocols for varietal identification testing of soybean
seeds is feasible even when extreme differences in seed
viability and vigor exist.” Address: 1. Dep. de Agricultura,
ESALQ/Universidade de Säo Paulo, 13418-900 Piracicaba,
SP, Brazil.
2764. Napompeth, Banpot. ed. 1997. World Soybean
Research Conference V: Proceedings. Soybean feeds the
world. Bangkok, Thailand: Kasetsart University Press. xxiv
+ 581 p. Held at Chiang Mai, Thailand, 21-27 Feb. 1994.
Illust. Author index. 30 cm. [1159 ref]
• Summary: The book contains the following major
divisions: Foreword. Preface. WSRC Continuing
Committees. WSRC V National Organizing Committee.
Opening addresses (4). Genetic improvement (31 papers).
Crop protection (24). Crop science (35). Technology
utilization (foods–13). Technology adoption (10). Plenary
sessions (3). Special symposium: Soybean in tropical
agriculture (10). Constitution for World Soybean Research
Conference. Address: National Biological Control Research
Center, Kasetsart Univ., Bangkok, Thailand.
2765. Shahidi, E. 1997. Soybean [Glycine max (L.) Merrill]
production and research in Iran. In: Banpot Napompeth, ed.
1997. World Soybean Research Conference V: Proceedings.
Soybean Feeds the World. Bangkok, Thailand: Kasetsart
University Press. xxiv + 581 p. See p. 570-71. Held at
Chiang Mai, Thailand, 21-27 Feb. 1994.
• Summary: In 1966 soybean production started in Iran–
along with research on other oilseed crops such as sunflower,
rapeseed, and safflower to meet the growing demand for
vegetable oil. The government encouraged farmers by
loaning inputs (fertilizers, seeds), and technical and financial
assistance. In 1968 Iran produced 2,055 [metric] tons of
soybeans, with an average yield of 536 kg/ha. By 1978
production had increased to 113,000 tons with an average
yield of 2,024 kg/ha.
Note: On 1 Feb. 1979 Ayatollah Ruhollah Khomeini
arrived in Tehran, Iran, from Paris, France. This marked the
beginning of Iran’s Islamic Revolution.
The Islamic Revolution and, above all, the Persian
Gulf war for eight years [Sept. 1980 to 1988 between Iraq

and Iran] adversely affected soybean production in Iran. By
1986, Iran’s total soybean production had fallen to 26,624
tons, with an average yield of 685 kg/ha.
In recent years the annual consumption of vegetable
oil and soybean meal in Iran has reached 800,000 tons and
750,000 tons respectively. Soybean varieties in maturity
groups III, IV, V, and VI are planted in many parts of the
country on both irrigated and non-irrigated lands, using
both single- and double-cropping systems. In 1991-92 some
121,485 tons of soybeans were harvested from 66,175 ha. In
1991-92 the amount of land under soybean production had
increased to 104,000 ha, due to high prices and good weather
conditions. In 1994 production is projected to be about
190,000 tons. Address: Oilseed Research and Development
Co., No. 146 Ghaem Magam Farahani Avenue, Tehran, Iran.
2766. Spears, J.F.; TeKrony, D.M.; Egli, D.B. 1997.
Temperature during seed filling and soybean seed
germination and vigour. Seed Science and Technology
(Wageningen) 25:233-44. [28 ref]
• Summary: The results suggest “that the effect of
temperature occurred during seed development, not after
physiological maturity.” Address: 1. Crop Science Dep.,
North Carolina State Univ., Raleigh, NC 27695-7620.
2767. Arrese-Igor, Cesar; Gordon, A.J.; Minchin, F.R.;
Denison, R.F. 1998. Nitrate entry and nitrite formation in
the infected region of soybean nodules. J. of Experimental
Botany 49(318):41-48. Jan. [50 ref]
• Summary: “Nitrate was observed to gain access to the
infected region in the short-term and significant amounts
could be measured within 2 days of nitrate supply. The
availability of nitrate in the bacteroid-containing region
did not cause free-nitrite accumulation for at least 8 days.”
Address: 1. Dep. Ciencias del Medio Natural, Univ. Pública
de Navarra, Campus de Arrosadía, E-31006 Pamplona,
Spain.
2768. Bernard, R.L.; Cremeens, C.R.; Cooper, R.L.; Collins,
F.I.; Krober, O.A.; Athow, K.L.; Laviolette, F.A.; Coble,
C.J.; Nelson, R.L. 1998. Evaluation of the USDA soybean
germplasm collection: Maturity groups 000 to IV (FC 01.547
to PI 266.807). USDA Technical Bulletin No. 1844. iii + 169
p. Jan.
• Summary: Contents: Introduction. About the tables. List of
tables: Maturity groups 000 to 0: Tables (1.0) Identification
and origin information for USDA soybean germplasm in
maturity groups 000 to 0, FC 01.547 to PI 266,807: PI
Number, accession name, country of acquisition, country
of origin, year introduced or released, maturity group. (2.0)
Descriptive data for USDA soybean germplasm in maturity
groups 000 to 0, FC 01.547 to PI 266,807: Entry (variety
name, FC number, or PI number), maturity group, stem
termination (determinate, indeterminate, semi-determinate),

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 850
flower color, pubescence (color, form, density), pod color,
seedcoat (luster, color {buff, black, black hilum with brown
outer ring, brown, gray, green, greenish brown, imperfect
black, reddish brown, tan, yellow}), hilum color (same
choices as seed color), other traits (seed, leaf, plant). (3.0)
Agronomic data for USDA soybean germplasm in maturity
groups 000 to 0, FC 01.547 to PI 266,807, grown at St. Paul,
Minnesota: Entry, flowering (days after May 31), maturity
(days after May 31), lodging (score), height (cm), stem
termination score, shattering score, seed (quality score,
weight {100 gm/seed}, yield {1000 kg/ha at 13% moisture}).
(4.0) Seed composition data for USDA soybean germplasm
in maturity groups 000 to 0, FC 01.547 to PI 266,807,
grown at St. Paul, Minnesota: Entry, maturity group,
seed composition (oil %, protein %), protein composition
(methionine as a percentage of total protein), oil composition
[fatty acids] (linoleic %, linolenic %).
Maturity groups I and II: The tables are identical in
format to those above except that the soybeans were grown
at Urbana, Illinois, and there is information on disease
reaction to phytophthora rot and pythium rot.
Maturity groups III and IV: The tables are identical in
format to those above except that the soybeans were grown
at Urbana, Illinois, and there is information on disease
reaction to phytophthora rot and pythium rot.
“Introduction: This publication consolidates information
contained in U.S. Regional Soybean Laboratory Manuals
223 (July 1965), 230 (September 1966) and 238 (April
1969) on the origin, descriptive characteristics, agronomic
performance, seed composition and disease reaction data of
soybean (Glycine max (L.) Merrill) germplasm accessions
FC 01.547 to PI 266.807 in maturity groups 000 through IV.
Also included are cultivars, in these same maturity groups,
developed at public institutions in the United States and
Canada, and released by 1966. The data presented in Tables 3
and 4 are the same as in the original publications except that
units on weight and height have been changed to metric and
some maturity groups have been changed. In Table 1, some
changes have been made for accession name and country
of origin based on more recent information. The pedigrees
of domestic cultivars are not included but are available in
USDA Technical Bulletin 1746. Some origin details for
named cultivars and FC accessions were removed but are
available in the USDA Soybean Germplasm Collection
Inventory, Volume 1, INTSOY Series Number 30. In Table
2, data on stem termination was added, the information
on pubescence was expanded and some descriptions have
been updated. These data can also be obtained through
the Germplasm Resources Information Network (GRIN),
Database Management Unit, USDA-ARS [Agricultural
Research Service], BARC West, Beltsville, Maryland 20705.
Evaluation publications for PI numbers higher than PI
266.807 can be obtained from the Curator, USDA Soybean
Germplasm Collection, USDA-ARS, 1101 West Peabody

Drive, University of Illinois, Urbana, IL 61801.”
Named varieties in maturity groups 000 to 0: Acme,
Agate, Capital, Comet, Crest, Early White Eyebrow,
Flambeau, Goldsoy, Grant, Hardome, Hidatsa, Kabott,
Mandarin (Ottawa), Manitoba Brown, Merit, Minsoy,
Norchief, Ogemaw, Pagoda, Pando, Poland Yellow, Sioux.
Named varieties in maturity groups I and II: Aksarben,
Amsoy, Bansei, Black Eyebrow, Blackhawk, Burwell,
Cayuga, Chippewa, Chippewa 64, Earlyana, Elton, Etum,
Funman, Giant Green, Goku, Habaro, Hakote, Harly,
Harosoy, Harosoy 63, Hawkeye, Hawkeye 63, Henry,
Hoosier, Kagon, Kanro, Kanum, Korean, Lindarin,
Lindarin 63, Linman 533, Manchu 3, Manchu 606, Manchu
[Madison], Manchu Hudson, Manchu Montreal [Montreal
Manchu], Manchukota, Manchuria, Mandarin, Mandarin
507, Medium Green, Mendota, Monroe, Mukden, Norsoy,
OAC 211, Ontario, Portugal, Renville, Richland, Sac,
Seneca, Sousei, Soysota, Tastee, Toku, Tortoise Egg, Waseda,
Wea, Wisconsin Black, Yellow Marvel.
Named varieties in maturity groups III and IV: A.K.
(Harrow), A.K. [FC 30761], A.K. (Kansas), Adams,
Adelphia, Aoda, Bethel, Boone, Chestnut, Chief, Chusei,
Clark, Clark 63, Cloud, Columbia, Delmar, Dunfield, Ebony,
Emperor, Ford, Fuji, Funk Delicious, Gibson, Granger,
Green and Black, Guelph, Harbinsoy, Harman, Higan,
Hokkaido, Hongkong, Hurrelbrink, Illington, Illini, Ilsoy,
Imperial, Jefferson, Jogun, Kanrich, Kent, Kim, Kingston,
Kingwa, Kura, Lincoln, Macoupin, Manchu, Manchu 2204,
Manchu [Lafayette], Manchuria 13177, Manchuria 20173
Mandell, Mansoy, Midwest, Mingo, Morse, Norredo, Osaya,
Patoka, Patterson, Peking, Pennsoy, Perry, Ross, Sanga, Sato,
Scioto, Scott, Shelby, Shingto, Shiro, Sooty, Viking, Virginia,
Wabash, Wayne, Wilson, Wilson-Five, Wing Jet (Ohio),
Wolverine. Address: 1. Prof. Emeritus, Dep. of Agronomy,
Univ. of Illinois, Urbana; 2. USDA-ARS agricultural
research technician; 3. Research Geneticist, USDA-ARS,
Dep. of Agronomy, Ohio State Univ., Wooster.
2769. Jones, Jacob. 1998. Three archival collections of
David Fairchild’s papers (Interview). SoyaScan Notes. Feb.
4. Conducted by William Shurtleff of Soyfoods Center.
• Summary: David Fairchild was a remarkable and very
influential man. In 1898 he founded the Section of Foreign
Seed and Plant Introduction within the U.S. Department of
Agriculture in order to centralize introduction activities. A
visionary and a leader, he conducted many plant exploration
trips and wrote extensively and lucidly, with an excellent
historical sense. The biggest repository of his papers is in
the Fairchild Tropical Garden in Coral Gables (southwest of
southern Miami, just a few miles inland from Biscayne Bay),
Florida, where there is a good archivist. Contact: Fairchild
Tropical Garden, Research Center, Attn: Bertram Zuckerman
(part-time volunteer historian), 11935 Old Cutler Road,
Miami, Florida 33156. Phone: (305) 665-2844. Fairchild’s

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 851
papers are stored in five file cabinets, each 4-5 drawers. They
have no inventory. About 4 miles away is Fairchild’s former
home, named The Kampong, in Coconut Grove. It is now
a private residence but fully preserved, with a regular staff
and a horticulturist. The original plant collections are still
growing there. It is part of the National Tropical Botanical
Garden Society headquartered in Kauai, Hawaii, and can be
visited by special appointment.
Talk with Bertram Zuckerman. 1998. Feb. 24. In one
thin file is a short letter to Fairchild from Dr. A.A. Horvath,
dated 1939. Horvath was a chemist at the Delaware
Agricultural Experiment Station in Newark. He wrote that
he was sending Fairchild a copy of his book, he had read
Fairchild’s book, and he was a friend of P.H. Dorsett.
The second biggest Fairchild collection is in Nova
Scotia at Alexander Graham Bell’s summer home. Fairchild
married Bell’s daughter. Contact: Aynsley McFarlane, Site
Manager, Alexander Graham Bell National Historic Site,
P.O. Box 159, Baddeck, Nova Scotia, Canada B0E 1B0.
Phone: (902) 295-2069.
The third major repository is in the records of the
Bureau of Plant Industry, recently relocated to the National
Agricultural Library in Beltsville, Maryland.
Jacob adds: Fairchild started as a plant pathologist,
which meant that he also had to study plant physiology. He
studied in Europe, then later went to Java. In the late 1800s,
the Americans were the leaders in plant pathology, while
the Germans were the leaders in plant physiology. Address:
Graduate student, Purdue Univ., P.O. Box 132, Lafayette,
Indiana. Phone: 765-742-8530.
2770. Rao, M.S.S.; Bhagsari, A.S. 1998. Variation between
and within maturity groups of soybean genotypes for
biomass, seed yield, and harvest index. Soybean Genetics
Newsletter 25:103-06. May. [9 ref]
• Summary: “Eighty two soybean... genotypes from maturity
groups (MG) III to VIII were evaluated during 1992 & 1993
for determining the inter- and intra-maturity group variations
for biomass, seed yield, and harvest index (HI) (the ratio of
seed yield to the above ground total biomass); and identify
genotypes superior in biological efficiency. In both years,
significant variations were found within and between MGs
for the parameters measured. The mean biomass ranged
from 5.9 for MG III to 12.8 Mg ha-1 for MG VIII in 1992
and from 4.6 for MG 111 to 6.9 Mg ha*1 for MG VIII
in 1993. In this study, the two-year mean biomass yields
showed a consistent increase from MG III through VIII, that
is, the higher the MG, the higher the biomass...” Address:
Agricultural Research Station, Fort Valley State Univ., Fort
Valley, Georgia 31030.
2771. Miles, Carol A. 1998. Re: Vegetable soybeans. Letter
(e-mail) to Dana Jacobi in New York City, July 14. 1 p. [2
ref]

• Summary: Dana Jacobi sent Carol the rough draft of an
article she is writing on green vegetable soybeans. Carol
responded that she has been conducting vegetable soybean
variety trials in southwest Washington state for the past 3
years. She has also been developing new vegetable soybean
varieties which should be ready for release in several years.
She has been working with Mark Musik [the farm advisor
for the Pike Place Market] and Hmong farmers [rhymes with
“mung.” They are hill people from Laos] for the past year,
and it looks like their work together next year will be even
better.
“I think it is important to state clearly that vegetable
soybeans, although the same genus and species as field
soybeans (Glycine max), are special varieties and they differ
biochemically from field soybeans. Vegetable soybeans have
different biochemical components which allow them to be
eaten after boiling for only 5 minutes. If a person were to
harvest field soybeans at the green stage and boil them for 5
minutes and eat them, they would get stomach cramps due to
the indigestibility of the beans.”
She has heard the SunRich did not pay close enough
attention to this point and used field soybeans when
developing their Sweet Beans. The company later got lots of
complaints about the indigestibility of Sweet Beans.
Carol has a web page at http://agsyst.wsu.edu on which
are several research-type papers that she has written about
edamame. The information about biochemical differences
between edamame and field soybeans is in these papers.
Talk with Carol Miles, PhD. 1998. Aug. 26. She got
her PhD from Cornell University (Ithaca, New York) in
vegetable crops, with a minor and dissertation in breeding
sweet corn. Now she is working on edamame with Tom
Lumpkin, who is at Washington State Univ. She has been
there growing edamame for 4 years. She and her coworkers like edamame very much, as do her two young
kids. Her information on biochemical differences between
vegetable-type soybeans and field soybeans comes from
a paper by Tom Lumpkin. They have a lower content of
trypsin inhibitors and of indigestible oligosaccharides,
and more vitamins. She has written some research reports
on edamame, but no refereed journal articles. The Pike
Place Market is the largest farmers’ market in the Pacific
Northwest. It is located in downtown Seattle on Pike Street.
A farmer’s market, by definition (largely for insurance
purposes), is one in which at least 50% of the products
must be produce sold by the people/farmers who grew it.
The other 50% can be crafts, produce sold by people who
did not grow it, etc. There is not yet a measurable acreage
of green vegetable soybeans in Washington state; this is a
new crop that is still in the development stage. Carol has a
variety testing program in western Washington and down
into Oregon where the climate is mild and the precipitation
high. Most of this seed is imported from Japan and costs
about $17/pound, which is prohibitive. So there is a big need
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for her program to have its own seed production and its own
varieties. Therefore, she also has a variety development
program, where she is plant breeder using conventional
methods. Tom is trying to develop pod-shatter resistance.
The major constraint to developing varieties is pod shatter
during harvesting. Dr. Sundar Shanmugasundaram at
AVRDC in Taiwan has found that pod-shattering is linked to
one of the soybean’s oils. He is trying to isolate these oils in
vegetable-type soybeans. Carol was in Taiwan working with
him in November and December of 1997. Another constraint
is lack of good harvesting equipment; she has been trying
for several years to get the vegetable processing industry
interested in this problem since they have the equipment.
She is aware that work has been done on this in Illinois and
Colorado; Taiwan uses an FMC green bean harvester.
Carol believes that edamame must be adapted to
American culture by serving it as a good, wholesome green
vegetable, served on the table like green peas or used as
an ingredient in other dishes such as a stir-fry–rather than
as a snack food with beer as it is served in Japan. So she
would sell edamame shelled, rather than in the pods. She
heard a rumor that last year SunRich did not use vegetabletype soybeans for their Sweet Beans; they used field-type
soybeans and they had some major consumer problems, as
with indigestion.
The Hmong farmers comprise the largest single
group of farmers selling through the Pike Place Market.
Traditionally a roaming tribal, patriarchal group from
Laos, they collaborated with the USA as “jungle guides”
during the Vietnam war and so our country brought them
here as refugees after the war about 15 years ago. A large
community of Hmongs lives in the Seattle area. Few of the
adults speak English, but the children are being raised in the
American system. They traditionally grew green vegetable
soybeans in Laos, but their seed, which was suited to a
tropical climate, would not flower in the Seattle area, which
has a cooler climate and a longer day-length. Carol has
supplied the Hmong farmers with seed. She works mostly
with seed companies from Japan, but she knows of two U.S.
seed companies that sell vegetable-type soybeans: Johnny’s
Selected Seeds in Maine and Nichols Garden Nursery in
Oregon. Nichols (located at 1190 North Pacific Highway,
Albany, OR 97321-4580. Phone: 541-928-9280) started
in 1997 to sell Buker’s Favorite Soybean–a breeding line
Carol has worked on. Dr. Robert J. Buker is a plant breeder
who worked in Illinois, then overseas for 20 years. Now he
works in Vancouver, Washington, which is just across the
river from Portland, Oregon. He received his material from
AVRDC several years before Carol got hers. Address: PhD,
Washington State Univ., Extension Agricultural Systems, 360
NW North Street, Chehalis, Washington 98532. Phone: 360740-1295.
2772. McNamara, John. 1998. When are soybeans mature?

Asgrow Growing Knowledge (Asgrow Seed Co.). Sept. 24.
• Summary: Soybeans are physiologically mature when
the maximum amount of dry matter has accumulated in the
seeds. Actually, three stages of soybean maturity have been
recognized. Physiological maturity occurs 2 to 5 days after
95% of the plants have reached growth stage R7 (one normal
pod on the main stem has reached a yellow color). Visual
or full maturity (stage R8) is reached when 95% of the pods
have attained a yellow color (they now contain about 32%
moisture). Finally, harvest maturity occurs when the moisture
content of the seed drops to 14 percent.
2773. Hartwig, E.E.; Kilen, T.C.; Young, L.D. 1998.
Registration of ‘Pace’ soybean. Crop Science 38(5):1399.
Sept/Oct. [5 ref]
• Summary: “’Pace’ soybean... (Reg. no. CV-385, PI
602496) was released as a Maturity Group V cultivar
because of its growth characteristics and productivity when
grown on the clay soils at Stoneville and Macon, Mississippi.
It also has demonstrated adaptability for mid-April plantings
at Stoneville, whereas most determinate cultivars of similar
maturity do not make adequate growth for acceptable seed
yield.” Address: P.O. Box 196, Stoneville, Mississippi
38776.
2774. Thompson, Jeffrey A.; Nelson, R.L. 1998. Core set
of primers to evaluate genetic diversity in soybean. Crop
Science 38(5):1356-62. Sept/Oct. [20 ref]
• Summary: “Fig. 1. Dendrogram of major ancestors of
North American cultivars and selected soybean introductions
resulting from average linkage cluster analysis based on
the core primer data set.” Address: USDA-ARS, Plant
Physiology and Genetics Research Unit, Dep. of Crop
Sciences, 1101 W. Peabody Dr., Univ. of Illinois, Urbana, IL
61801.
2775. Thompson, Jeffrey A.; Nelson, R.L. 1998. Utilization
of diverse germplasm for soybean yield improvement. Crop
Science 38(5):1362-68. Sept/Oct. [24 ref]
• Summary: “Introgression of diverse germplasm into
the current soybean... genetic base may increase genetic
variability and lead to greater gains from selection. The
objective of this research was to evaluate the genetic
diversity and agronomic performance of experimental
lines derived from plant introductions (PIs) maintained
in the USDA Soybean Germplasm Collection. These PIs
are known to be genetically distinct from the ancestors of
the modern North American soybean cultivars.” Address:
USDA-Agricultural Research Service, Plant Physiology and
Genetics Research Unit, Dep. of Crop Sciences, 1101 W.
Peabody Dr., Univ. of Illinois, Urbana, IL 61801.
2776. Thompson, Jeffrey A.; Nelson, R.L.; Vodkin, L.O.
1998. Identification of diverse soybean germplasm using
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RAPD markers. Crop Science 38(5):1348-55. Sept/Oct. [35
ref]
• Summary: “Identification and utilization of diverse
germplasm is the central issue in plant breeding.”
RAPD stands for “random amplified polymorphic DNA”
Address: 1-2. USDA-ARS, Plant Physiology and Genetics
Research Unit, Dep. of Crop Sciences, 1101 W. Peabody Dr.,
Univ. of Illinois, Urbana, IL 61801.
2777. Bernard, Richard L. 1998. How a soybean breeder
crosses two soybean varieties using hand pollination
(Interview). SoyaScan Notes. Oct. 19. Conducted by William
Shurtleff of Soyfoods Center.
• Summary: First some background: The soybean is a
flowering plant or angiosperm (Class angiospermae, which
comprises about 235,000 species). The name angiosperm is
derived from the Greek angeion, for vessel or receptacle, and
sperma, for seed. The angiosperms are divided into two large
subclasses: the Monocotyledoneae (monocots), with about
65,000 species, and the Dicotyledoneae (dicots), with about
170,000 species. The soybean is a dicot in part because it has
two cotyledons.
A dicot flower can be thought of as being divided into
three main parts. First, two sets of sterile appendages, the
sepals and petals, which are attached to the receptacle below
the fertile parts of the flower. Second the male part, called
the stamen, which is composed of a number of pollenbearing anthers, each at the top of a slender stalk (called the
filament). And third the female part, often called the pistil,
which is shaped like a long-necked vase with a slightly flared
mouth. This mouth, called the stigma, receives the pollen.
Inside the rounded base (the ovary) is the ovule; the style is
the elongated neck that connects the stigma with the ovary.
Dr. Bernard explains the steps: (1) Choose the right
stage; find a flower bud that is going to open the next day.
In most cases, if you wait too long, the flower will pollinate
itself before it opens. (2) Prepare the flower you want as
a female by pulling back or downward the green, pointed
sepal lobes which are located at the base of the flower, and
enclose the base. The petals will still all be closed. (3) Using
forceps, grasp one petal at a time, rock it a bit, then gently
pull it off at the base–until all five petals have been removed.
This exposes the little ring of pollen-bearing anthers (male)
surrounding the stigma and ovary (female). Until recently,
soybean breeders picked the anthers out so they would not
pollinate, but they now realize this is no longer necessary. (4)
Find an open flower on a plant that you want to cross with
the prepared female. Reach into that open flower, use your
forceps to grab hold of the whole stamen, and pull it out.
Now use it like a little paintbrush, to dust the pollen (which
is on the anthers) onto the stigma. The pollen will then grow
down until it fertilizes the ovule.
This process requires considerable knowledge, skill, and
timing. So in the early 1900s, many soybean seed companies

simply interplanted two soybean varieties. About 1% will
cross naturally to create hybrids. The hybrids will have the
characteristics of the male parent. However with natural
pollination, the pollen could be brought in by a bee, in which
case you would not know which variety was the male parent.
Generally you would mix all the seeds together, harvest all
the white-flowered plants (white is recessive), grow them
out, and look for the purple-flowered plants. Those will be
hybrids.
When describing a cross in writing, the name of the
female parent is listed first, followed by the name of the male
parent, as follows: (Vinton x Corsoy). In older descriptions
we would sometimes see: (F6 Vinton x Corsoy). The “F6”
means that a sixth-generation Vinton plant was crossed
with Corsoy. Address: USDA/ARS Soybean Germplasm
Collection, Room 229 EASB, 1101 W. Peabody Drive, Univ.
of Illinois, Urbana, IL 61801.
2778. NSRL Bulletin (National Soybean Research
Laboratory, Urbana, Illinois). 1998. Chinese soybean
germplasm yields new sources for genetic improvement.
5(3):1-3. Oct.
• Summary: “During the early part of this century soybeans
introduced from China became the first varieties grown in
the United States. And, as we move toward the beginning
of another century, newly introduced soybean varieties
from China may be on the verge of again changing the U.S.
soybean crop.
“In 1992, the Illinois Soybean Program Operating
Board, the Iowa Soybean Promotion Board, the Iowa
Agriculture and Home Economics Experiment Station, the
Illinois Agricultural Experiment Station, and the USDAAgricultural Research Service formed the Chinese Soybean
Germplasm Consortium. The purpose of this group was to
facilitate the acquisition of Chinese soybean germplasm from
areas of China where few or no varieties had previously been
obtained.
“In 1992, 1994, and 1996, the U.S. Department of
Agriculture’s Soybean Germplasm Collection at the
University of Illinois obtained more than 2,000 primitive
varieties from 19 Chinese provinces through exchanges with
the Chinese Academy of Agricultural Sciences.
“’Prior to this project we had fewer than 350 varieties
from those provinces,’ says Randall Nelson, curator of
the USDA collection and Associate Professor in the U of
I’s Department of Crop Sciences. ‘With the support of the
United Soybean Board, these varieties are being extensively
and successfully evaluated for traits that can improve our
U.S. varieties. The most promising lines already are being
incorporated into variety development programs.’
“In field evaluations, six new sources of drought
tolerance were identified among 600 Chinese accessions that
were tested. In two years of testing, these types wilted more
slowly than U.S. varieties under severe drought conditions.
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Detailed examination of these sources of drought tolerance
by USDA researcher Tommy Carter of North Carolina State
University is underway to verify tolerance and determine
their best use in breeding.
“In research underway at the National Soybean
Laboratory, USDA plant pathologist Glen Hartman has
identified seven introductions from China that all have higher
levels of resistance to sudden death syndrome (SDS) than the
best previous known source of resistance.
“’Cecil Nickell, soybean breeder at the NSRL, also
has identified accessions that are resistant to all 10 races
of phytophthora to which they were tested,’ Nelson says.
‘These races include those that attack currently used genes
for resistance. No previously identified single gene provides
resistance to all of these races.’
“Nelson notes that the most resistant accessions came
from Hubei, Jiangsu, and Sichuan. Nickell also has identified
13 primitive varieties in maturity groups II, III and IV with
resistance to brown stem rot. These varieties originated
in five provinces, but more than half of them came from
Shandong province. Additional varieties from all these
provinces were requested and have been received for further
research.
“Entomologist Charlie Helm of the Illinois Natural
History Survey and the U of I’s Department of Natural
Resources and Environmental Science has identified five
lines from the new Chinese germplasm with useable levels of
insect resistance. The level of resistance in these accessions
is not as high as in currently used sources, but preliminary
research indicates that they may be genetically different from
those sources.
“In addition, Greg Noel, nematologist with the USDA
and the U of I’s Department of Crop Sciences has identified
two germplasm lines from northern China that are resistant
to soybean cyst nematode race 3. No lines from southern
China have been found to be resistant. If these results are
confirmed in further screening, it will help to identify the
geographical origin of resistance to soybean cyst nematode
and assist in focusing future screening efforts.
“’Analysis of DNA and biochemical data in
collaboration with Reid Palmer and Randy Shoemaker,
USDA researchers at Iowa State University, has shown that
even primitive varieties from neighboring provinces can be
genetically very different,’ Nelson says. ‘This indicates the
long term genetic isolation of primitive Chinese soybean
varieties and has important implications for how germplasm
from China will be acquired, managed, and evaluated in the
future.’
“Nelson points out that more than 600 new accessions
from the far southern provinces in China that were received
in 1996 are now available for evaluation, and the USB will
provide funding for this research beginning in the fall of
1998. According to Nelson, these are the first accessions that
have ever been available to U.S. scientists from many of

these provinces.
“Although all of these accessions originated from
latitudes equal to Atlanta, Georgia and farther south, they
range from maturity group II to maturity group IX. This
unusual mix of maturity groups from far southern locations
is the result of the complex cropping systems employed in
southern China. Soybeans in that part of China are planted in
spring, summer, fall, and winter.
“’These soybeans have been adapted over centuries of
natural and human selection to a wide variety of cropping
situations with different climates, soil types, diseases, and
insects,’ Nelson says. ‘In many ways, this is very unique
germplasm with enormous potential to possess diversity not
previously available in the U.S.’
“He adds that 500 seed lots were obtained this spring
from the germplasm collection in Beijing, China and planted
for the first time in the U.S. This completes the germplasm
exchange of the second four-year agreement.
“’Based on research on the germplasm received in 1992
and 1994, the germplasm we obtained in 1998 represents
specific requests from certain provinces in which useful
germplasm had previously been identified,’ he says. ‘We
hope that this will increase the chances of finding additional
useful resistance to our most important soybean diseases and
insect pests.’
“Nelson notes, however, that protecting soybean
varieties from diseases and insects with genetic resistance
does not help raise the level of yield in the absence of those
pests. As a result, researchers are using other varieties
recently obtained from China and Japan in an attempt
to increase the level of productivity for future soybean
varieties” (Continued).
2779. Kisha, T.J.; Diers, B.W.; Hoyt, J.M.; Sneller, C.H.
1998. Genetic diversity among soybean plant introductions
and North American germplasm. Crop Science 38(6):166980. Nov/Dec. [34 ref]
• Summary: “Abstract: Elite North American soybean
[Glycine max (L.) Merr.] germplasm derives from a limited
number of ancestors. Knowledge of genetic diversity patterns
in elite germplasm and plant introductions (PIs) is needed
to diversity efficiently the elite gene pool. The objective of
this research was to study diversity among five gene pools
consisting of either ancestral lines (AN), elite lines from
northern (NE) or southern (SE) U.S. production areas, and
PIs with a northern or southern maturity. The relationship
among the pools was evaluated by analysis of 53 restriction
fragment length polymorphism (RFLP) loci and by
coefficient of parentage (CP).
“Efforts to diversify elite North American soybean
breeding populations could increase the rate of yield
improvement.”
Tables: (1) Summary of the source, name, gene pool,
maturity group (MG), cluster membership in Fig. 1, 2, and 3,
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and average simple matching coefficient (SMC) of each line
with each gene pool.
(2) “Allele frequencies for each probe-restriction
enzyme combination across all 165 lines and for the ancestral
(AN), northern elite (NE), northern PI (NP), southern elite
(SE), and southern PI (SP) gene pools. Results are shown
from X2 tests of differences in allele frequencies across all
gene pools as well as between gene pools that would be
used to diversify the NE and SE pools. Frequency of only
one allele is reported for loci with two alleles while the
frequency of all alleles are reported for loci with more than
two alleles.”
(3) “Average simple matching coefficient within
(diagonal) and between gene pools (off-diagonal) and the
average percent heterozygotes across all loci for each gent
pool assuming Hard-Weinberg equilibrium.”
(4) “Contribution of ancestral plant introductions to all
elite lines included in the study, to the northern elite (NE)
and southern elite (SE) gene pools, and to each cluster from
the simple matching coefficient (SMC) analysis shown in
Fig. 2.”
Figures: (1) Summary off the number and source of
lines in each cluster from the clustering of all 165 lines based
on simple matching coefficients. Gene pool abbreviations
are ancestors (AN), northern elite (NE), northern plant
introductions (NP), southern elite (SE), and southern
introductions (SP).
(3) Average coefficient of parentage: “Summary of
the number and source of lines in each cluster from the
clustering of all elite and ancestral lines based on coefficient
of parentage. Gene pool abbreviations are ancestral (AN),
northern elite (NE), and southern elite (SE). Man-Ott
identifies the ‘Mandarin-Ottawa’ cluster.”
(4) Simple matching coefficient diagram showing
“Origin and clustering of all ancestral lines based on simple
matching coefficients from the RFLP marker data. The code
for the three major agricultural ARES of China are northeast
cold temperate area (NECTA), north temperate area (NTA),
and central subtropical area (CSA).” The varieties are (from
top to bottom) are: A.K. Harrow, S 100, Lincoln, Dunfield,
PI 54610, Flambeau, Manchu, Pakota, Richland, Roanoke,
Biloxi 3, Tokyo, CNS, Palmette, Mejiro, Manitoba Brown,
Mandarin, Mandarin Ottawa, Mukden, Seneca. Address: 1-2.
Dep. of Crop and Soil Sciences, Michigan State Univ., East
Lansing, MI 48824.
2780. Han, T.; Gai, J.; Chen, F.; Qiu, J. 1998. Photoperiod
response and agronomic characters of soybean varieties with
different growth period structures. Acta Agronomica Sinica
(Zuo Wu Xue Bao) 24:550-57. *
2781. Ruiz, Hipólito. 1998. The journals of Hipólito Ruiz:
Spanish botanist in Peru and Chile 1777–1788. Translated
by Richard Evans Schultes and María José Nemry von

Thenen de Jaramillo-Arango. Transcribed from the original
manuscripts by Jaime Jaramillo-Arango. Portland, Oregon:
Timber Press. 357 p. See p. 192. Illust. Index. 27 cm. [Eng]
• Summary: In Chapter 31, titled “Description of the village
of Sayán,” states that the valley of Huara stretches from
Huara to Sayán. (Note: A modern map of Peru shows that
Huara is a town on the seacoast about 80 miles northeast of
Lima (the capital) and Callao, and just north of the seaport
city of Huacho; Huara is about 30 miles inland, directly
east.) In about Sept. 1781, the Spanish botanists and artists
traveled a little southward along the coast to the province of
Chancay. Note: Today the town of Chancay is on the coast
about midway between Huara and Callao/Lima. In this
province they collected and dried many plant specimens.
For each, the author gives the scientific name (genus and
species), local Spanish name; the translator adds the English
name (if known). One of the plants collected (p. 192) is
“Dolichos soja?, frijolillos (little beans); the seeds are eaten
cooked and are very tasty. It is a cultivated plant. I have
never seen it growing wild.” Note 1. The question mark after
“soja” probably means that Ruiz was unsure of the plant’s
identity. Note that two other plants mentioned on p. 192
also have a question mark after their scientific names. This
question mark also appears after Dolichos soja in the index
of this book (see p. 347). Why did the translator not give the
English name?
Note 2. If Ruiz correctly identified Dolichos soja, an
early scientific name for the soybean, this would be by far
the earliest document seen (July 2021) concerning soybeans
in Peru or South America or all of Latin America. And this
document would contain the earliest date seen for soybeans
in Peru, or South America, or South America.
Talk with Juan del Campo, historian at the Peruvian
Embassy in Washington, DC. 2000. March 16. In 1777 Peru
was a colony of Spain ruled by a Viceroy who represented
the king of Spain–so more precisely it was the viceroyalty
of Peru–which was established by Spain in 1542. But the
phrase “Kingdoms of Peru and Chile” was widely used by
the Spanish at the time.
During the 1600s and 1700s, Peru and Mexico were the
two main Spanish dominions in the New World. Up until the
18th century, the viceroyalty of Peru included Panama and
all of Spanish South America except Venezuela. The region
now corresponding approximately to Bolivia was named
“Upper Peru.” In 1717 New Granada (now Colombia), and
in 1776 Buenos Aires (La Plata; now Argentina) were made
separate viceroyalties.
There was a very large seaport at Callao. Founded in
1537 and incorporated as a town in 1671, it is presently
the chief port of Peru, on Callao Bay, 8 miles (13 km) west
of Lima. The Spanish even built a large fort at Callao to
fight against the English pirates Francis Drake (1543-1596)
and John Hawkins (1532-1595). The Manila Galleons that
went from the Philippines to Acapulco, Mexico, usually
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went next to Callao to trade. At the time, the Philippines
(called Capitania General) was ruled by Spain from Mexico.
During its peak of trade with Asia, for more than a century
from about 1650 to 1760, Callao was the biggest port of
the Spanish dominions in the Americas–much bigger even
than Acapulco in its volume of trade. So anything (such as
soybeans plants or seeds) that went on a Manila Galleon to
Acapulco might very well have also gone to Callao.
The first Asian immigrants to Peru came from China in
the early 1850s to work in agriculture and on the railroads.
They continued to arrive until the 1880s. The first wave of
Japanese immigration to Peru started in the late 1890s. In the
Quechua language, the language of the indigenous Peruvians,
several similarities have been found between Quechua words
and Japanese words–which is amazing, and of great interest
to linguistic researchers. One theory says there was trade
with East Asia during the Incan empire, which ruled Peru
from ca. 1230-1533, when it was conquered by Spanish
explorer Francisco and fellow Spanish soldier Diego de
Almagro.
Talk with Prof. Ted Hymowitz, Prof. of Plant Genetics,
Univ. of Illinois. 2000. March 28. Richard Schultes started
the field of ethnobotany; he is now approximately in his 80s.
Ted thinks the plant that Ruiz was describing was probably
the lima bean. Linnaeus first gave the name Dolichos soja
to the soybean in 1753 (Species plantarum. Vol. II., p. 727).
Ruiz had probably never seen a soybean but he may have
had Linnaeus’ manuscript or book with him.
Contains numerous interesting and early color maps,
including one of Lima, Peru, and the coast, including Callao
(facing p. 176) based on a survey conducted in May 1771.
Address: Spain.
2782. Bernard, Richard L. 1999. Historical list of publicly
developed North American specialty soybean cultivars to
1989: Large seeded. Urbana, Illinois. 1 p. Feb. Unpublished
typescript.
• Summary: This list excludes introductions and privately
developed cultivars. The varieties listed in this table are
Kanrich, Kim, Disoy, Magna, Prize, Verde, Kahala, Kaikoo,
Kailua, Mokapu Summer, Protana*, Provar*, Emerald,
Grande, Vinton, Vinton 81, Merrimax, Harovinton, and
Proto*. * Note from Dr. Bernard. 1999. Sept. 9. “I listed
Protana, Provar, and Proto with the large-seeded cultivars,
but they are not large seeded. Rather they are specialty
varieties released for their high protein content. The category
of soybeans with special compositional traits will be a
growing category in the future.”
Details on the following have not been seen before:
Year released–Institute–Cultivar–Maturity Group–Parentage.
1969–Purdue [Indiana], USDA–Protana–II–(Mukden x
C1069) x (PI65388 x C1079).
1969–Iowa, USDA–Provar–II–Harosoy x Clark.
1986–New Hampshire–Merrimax–0–Prize x A100.

1989–Ontario, Harrow–Harovinton–I–Hm Rps1-c from
Vinton x Vinton 81. Note: The italicized text refers to “gene
symbols.” Hm = Not sensitive to the herbicide metribuzin.
Rps1-c refers to Phytophthora resistance, which Vinton 81
has. Thus Harovinton is not sensitive to metribuzin sensitive
but it is resistant to Phytophthora.
1989–Minnesota–Proto–0 [(Chippewa 64 x PI261.475) x
PI189.880] x [(PI261.475 x Pridesoy II) x Provar]. Address:
Prof. of Plant Genetics (Retired), Dep. of Agronomy, Univ.
of Illinois, Urbana, IL 61801.
2783. Bernard, Richard L. 1999. Historical list of publicly
developed North American specialty soybean cultivars to
1989: Small seeded. Urbana, Illinois. 1 p. Feb. Unpublished
typescript.
• Summary: This list excludes introductions and privately
developed cultivars. For each variety is given: Year released,
institute, cultivar name, maturity group, parentage. The
varieties listed in this table are Nattawa (Released in 1981,
Ottawa, Ontario, Canada), Chico (1983, Minnesota),
Canatto (1985, Ottawa), Vance (1986, Virginia), IL1 and IL2
(1989, Illinois), SS201 and SS202 (1989, Iowa), Minnatto
(1989, Minnesota), Camp (1989, Virginia), Nattosan (1989,
Ottawa), TNS (1989, Ottawa). Address: Prof. of Plant
Genetics (Retired), Dep. of Agronomy, Univ. of Illinois,
Urbana, IL 61801.
2784. Hoffman, Thomas; Schmidt, J. Scott; Zheng, X.; Bent,
A.F. 1999. Isolation of ethylene-insensitive soybean mutants
that are altered in pathogen susceptibility and gene-for-gene
disease resistance. Plant Physiology 119(3):935-49. March.
[59 ref]
• Summary: “Plants commonly respond to pathogen
infection by increasing ethylene production, but it is
not clear if this ethylene does more to promote disease
susceptibility or disease resistance. Ethylene production and/
or responsiveness can be altered by genetic manipulation.
The present study used mutagenesis to identify soybean...
lines with reduced sensitivity to ethylene.” Address: Dep.
of Crop Sciences, Univ. of Illinois at Urbana-Champaign,
Urbana, Illinois 61801.
2785. Schmidt, J. Scott; Harper, James E.; Hoffman,
T.K.; Bent, A.F. 1999. Regulation of soybean nodulation
independent of ethylene signaling. Plant Physiology
119(3):951-59. March. [53 ref]
• Summary: “Leguminous plants regulate the number of
Bradyrhizobium- or Rhizobium-infected sites that develop
into nitrogen-fixing root nodules. Ethylene has been
implicated in the regulation of nodule formation in some
species, but this role has remained in question for soybean...”
Address: 1,2&4. Dep. of Crop Sciences, Univ. of Illinois at
Urbana-Champaign, Urbana, Illinois 61801.
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2786. NSRL Bulletin (National Soybean Research
Laboratory, Urbana, Illinois). 1999. Exotic germplasm could
hold key to controlling emerging diseases: it would be a huge
advantage for growers to have commercial varieties available
with resistance to these emerging diseases. 6(2):3-4 June.
• Summary: “In recent years, new soybean diseases such as
sudden death syndrome (SDS) and white mold have emerged
as major problems in Illinois and much of the Midwest.
During a survey in 1998, SDS was observed in 90 percent of
the counties in the state. In 1993, the disease was reported in
43 percent of the fields in some parts of east central Illinois,
with yield losses ranging from 20 to 46 percent. White mold
or sclerotinia stem rot also was widespread in the northern
half of Illinois and throughout the upper Midwest during the
1990s.
“’A big problem for growers is that most of the
commercial soybean varieties are highly susceptible to the
pathogens that cause those diseases,’ says plant pathologist
Glen Hartman of the USDA Agricultural Research Service.
‘Because of the narrow genetic base of commercially grown
soybeans, the outbreaks of SDS and white mold in most
popular soybean varieties are likely to continue. It would be
a huge advantage for growers to have commercial varieties
available with resistance to these emerging diseases.’
“Hartman notes that only partial resistance to SDS and
white mold has been reported in commercial varieties. All
the varieties tested, including those with partial resistance,
still have roots that are colonized by the fungus that causes
the disease and exhibit at least some foliar symptoms.
“’Many people really did not pay attention to this
problem until recently because neither of those diseases
were thought to be very important,’ Hartman says. ‘Now we
are finding that the fungus that causes white mold is present
in many more fields than we ever imagined. Likewise, it
appears that the pathogen that causes SDS is in the soil in
most fields and probably has been for a long time. When
environmental conditions are right, both diseases can be
quite severe.’
“In response to this emerging problem, Hartman has
been collaborating on several research programs aimed at
locating new sources of resistance. In one of the projects
underway at the National Soybean Research Laboratory, he
has been working with Randall Nelson, curator of the USDA
Soybean Germplasm Collection at the University of Illinois,
and U of I plant geneticist Theodore Hymowitz on screening
accessions of the wild annual progenitor of the soybean,
Glycine soja, for resistance to SDS, white mold, and other
major diseases.
“Primary funding for this research was provided by
soybean growers through the Illinois Soybean Checkoff
Board. Additional funding was provided by the Illinois
Council on Agricultural Research (C-FAR) and the
Agricultural Research Service.
“’The wild annual soybeans, G. soja, have only been

screened for a few economically important traits,’ Hartman
says. ‘So far, there are only a few publicly released,
specialty-use soybean cultivars containing known genetic
material from the wild annual soybeans. Even though
soybeans and the annual progenitor can be crossed rather
easily, this unique collection of genetic material has been
virtually overlooked.’
“To date, the research team has screened more than
1,100 accessions of G. soja for resistance to the pathogen
that causes SDS. About 5 percent of the collection of wild
annual relatives has been classified as resistant. The entire
collection was also screened for resistance to phytophtphora
root rot. Six accessions were rated as resistant to that disease,
including two from maturity groups III and IV. Several of the
most promising accessions already are being crossed with
soybean for further field and genetic studies.
“’From a soybean breeding point of view, the wild
annual soybeans are excellent candidates for gene exchange
with soybean,’ Hartman says. ‘The sources of resistance
found in G. soja accessions potentially include new genes
that can be introduced into commercial soybeans. The release
of this new germplasm could impact most breeding programs
and provide soybean growers with new resistant varieties
that would reduce losses due to SDS.’
“As part of this overall effort to combat emerging
diseases, Hartman also has been working with Hymowitz on
screening the wild perennial relatives of the soybean from
the subgenus Glycine for resistance to both SDS and white
mold. The subgenus contains 16 wild perennial species.
These plants are indigenous to Australia and have been
collected from other diverse environmental areas in southeast
Asia and the South Pacific. Major funding for the screening
efforts came from the Agricultural Research Service and
from the U of I Experiment Station.
“’The perennial Glycine species represent a virtually
untapped resource of potentially novel genes for improving
traits in soybeans, including disease resistance,’ Hartman
says. ‘We have already screened more than 1,000 of the
perennial accessions. There are numerous examples where
wild relatives of a cultivated crop have provided unique
traits, including disease resistance. That scenario could well
be repeated for soybeans.’ Initial evaluations of the perennial
species for disease resistance have provided a number of
promising resistant accessions that will be further tested in
the field during the coming growing season. The researchers
also are searching this collection for resistance to other
important diseases, such as brown stem rot and charcoal rot.
Future plans call for undertaking the complicated crosses
with commercial soybeans for the most promising genetic
material.
“’These resistant accessions probably represent a
totally different gene pool than is present in our commercial
soybean varieties,’ Hartman says. ‘For the perennials, in
particular, it is important to realize that this screening is
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just the first step. A lot of field testing will be needed even
after we complete the difficult task of crossing them with
soybeans. Nevertheless, this material could well represent
what soybean growers will be using in their fields in the
years to come.’ According to Hartman, the genetic material
from the wild annual relatives rather than the perennial
species almost certainly will have a more immediate impact
in breeding programs, although both hold major promise
for the future. He further adds that this research project is
only part of a larger effort that has just begun to unravel
many of the mysteries of these emerging diseases. ‘Often
times people expect nothing less than a silver bullet from
this kind of research,’ he says. ‘It is important to realize that
we have had ongoing research on SDS for only a relatively
short time–four or five years. For white mold, it has been
even a shorter time. Nevertheless, what’s encouraging is
that we already have been able to discover a lot of valuable
information on these diseases that will benefit soybean
growers far into the future.’”
2787. Bernard, Richard L. 1999. Re: Information on largeseeded soybeans. Letter to William Shurtleff at Soyfoods
Center, July 27–in reply to inquiry of Aug. 30. 2 p.
Handwritten on letterhead.
• Summary: He encloses a list of some additional soybean
varieties that Shurtleff may wish to consider for inclusion in
his “large-seeded” list. He also encloses a report he made at
this year’s soybean breeder’s conference that includes a table
for food-type US and Canadian public varieties and their
year of release.
He includes key pages from several RSLM [Regional
Soybean Laboratory Mimeograph] documents showing when
the term “Maturity Group” was first used. “If you consider
‘Maturity Group I’ and ‘Group I Maturity’ to be roughly
equivalent, then the 1953 report RSLM 168 is the first, since
it was the first germplasm report (‘Maturity Group’ was used
for the Uniform Tests much earlier).
Page 2, titled “Additional varieties to consider.”
Hahto released in 1918 by USDA. Copy of publication
enclosed.
Agate released in 1937 by USDA.
Morse & Cartter 1937.
Tortoise Egg released in 1938 by Illinois AES
[Agricultural Experiment Station], listed in Woodruff &
Klaas.
Kabott released in 1939 by Ag Canada (new name),
Ottawa, in 1949 Bulletin 1520.
Also listed in Bulletin 1520 and in most cases in Morse’s
1948 list of “Soybean varietal names used to date” (RSLM
148, 9 p.):
Etum, released by 1941 by USDA, 23 gm per 100 seeds.
Green & Black, released in 1941 by private, Tennessee,
24 gm per 100 seeds.
Hidatsa, released in 1941 by private, North Dakota, 18

gm per 100 seeds.
Jefferson, released in 1941 by private, Tennessee, 33 gm
per 100 seeds.
Kanum, released by 1941 by USDA, 19 gm per 100
seeds.
Sac, released in 1941 by Iowa AES, 26 gm per 100
seeds.
Sanga, released in 1945 by private, Illinois, 28 gm per
100 seeds.
Tastee, released by 1941 by USDA, 22 gm per 100
seeds.
Wolverine, released in 1941 by USDA, 26 gm per 100
seeds.
“I’ve used a secondary source of info, so you’d better
check the original publication in each case. Hope this is
useful. Dick B.” Address: Prof. of Plant Genetics (Retired),
Dep. of Crop Sciences, AW-101 Turner Hall, Univ. of
Illinois, Urbana, IL 61801-4798.
2788. Morrison, Malcolm J.; Voldeng, H.D.; Cober, E.R.
1999. Physiological changes from 58 years of genetic
improvement of short-season soybean cultivars in Canada.
Agronomy Journal 91(4):685-89. July. [22 ref]
• Summary: “In Canada, yield of short-season soyabean...
cultivars has increased by approximately 0.5% per year since
they were first cultivated in the early 1930s. Future yield
gains may be dependent on an understanding of the changes
made to soyabean cultivars by breeding and selection.”
Address: Agriculture Canada, Eastern Cereal and Oilseed
Research Center (ECORC), Central Exp. Farm, Ottawa, ON
K1A OC6, Canada.
2789. Hymowitz, Ted. 1999. Details concerning the early
cultivation of soybeans in Georgia from 1765 to 1770
(Interview). SoyaScan Notes. Aug. 22. Conducted by William
Shurtleff of Soyfoods Center.
• Summary: Question 1: Were soybeans first grown in
Georgia in 1765 or 1766? When Bowen arrived in Savannah,
Georgia, in 1764 he brought with him soybeans which he had
obtained in China–probably a little bag full. He first bought
land in Savannah on 14 May 1765–but it may not have been
arable. So he gave his soybeans to Henry Yonge to grow out
and multiply for him.
Hymowitz and Harlan discussed the question of whether
Yonge grew the soybeans in 1765 or 1766. They decided it
was probably 1765–but that is not certain. In a letter dated 23
December 1766 to Dr. Peter Templeman, Yonge wrote that
the pease or vetch [soybeans] “were planted by me last year
at Mr. Bowen’s request, and did yield three crops; and had
the frost kept off one week longer I should have had a fourth
crop, which is a very extraordinary increase,...” Clearly
Yonge could have grown the soybeans in 1766.
Question 2: Were soybeans ever grown again in
Georgia? If so, when, where, and by whom? We have no
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direct evidence that soybeans were ever grown again in
Georgia. Samuel Bowen never mentions growing soybeans
himself–yet he never wrote much about anything; he was
an entrepreneur, not a writer. We do know that in 1770-71
he exported 162 quarts of soy sauce, so he must have had
enough soybeans to make that soy sauce. It must have taken
someone, probably Bowen, 2-3 years to further multiply the
soybeans originally grown by Yonge to get enough to make
soy sauce. Thus, we have indirect evidence that soybeans
were grown after 1765 or 1766.
Question 3: How could Yonge have gotten four crops
of soybeans in Savannah? Was he growing them for forage
or to obtain mature seed? To answer this question we must
understand maturity groups. The soybeans that Bowen
brought the Georgia probably belonged to what is now called
maturity group II; they mature very early. They were best
adapted to a more northerly latitude–such as Pennsylvania.
While such seeds will grow in a southern latitude, such as
that of Savannah, the plants, seeds and yield will all be small.
Yonge could have planted his first soybeans in March and
harvested the mature beans after 85-90 days. He planted the
beans he just harvested in late May and harvested his second
crop in late July or early August. He planted the beans again
and harvest his third crop after 85-90 days in October. He
planted a fourth crop in late October or early November and
the frost killed it. Ted has written about this idea related to
maturity groups in a published article. However we don’t
know the description of the plant, such as flower color or
seed color.
Question 4: Where in China did Bowen get soybeans
of maturity group II? Probably in or around Canton, China.
The farmers there grow rice during the warm months, then
grow soybeans as a winter crop on the banks / bunds around
the rice fields. Bowen could have gotten these soybeans from
farmers, stashed them away in his seaman’s private trunk,
and thus taken them out of China. Address: Prof. of Plant
Genetics, Dep. of Crop Sciences, Univ. of Illinois, Urbana,
Illinois.
2790. Specht, J.E.; Hume, D.J.; Kumudini, S.V. 1999.
Soybean yield potential–a genetic and physiological
perspective. Crop Science 39(6):1560-70. Nov. [32 ref]
• Summary: In the USA, average annual soybean yield
increases are reported to be 22.6 kg per ha from 1924 to
1997, however in the last 25 years they have risen 40%
faster, at 31.4 kg per ha. This rapid increase is due to rapid
adoption of technologies based on agricultural research. It
is estimated that gains in yield due to genetic improvement
averaged about 15 kg per ha per year prior to the 1980s, but
now averages about 30 kg per ha per year in both the public
and private sectors.
The steady increase in carbon dioxide levels and
irrigation also contributes to yield increases.
In Ontario, Canada, several physiological traits changed

during 60 years of soybean variety releases, including
improved lodging, increased nitrogen fixation, and better
stress tolerance; these have led to yield increases of about
0.5% a year.
Technological innovation must be continually injected
into agriculture in order to feed the human population now
rising at the rate of about 83 million people per year.
Note: Why is population rising so fast? 1. Because the
death rate is decreasing more rapidly than the birth rate. 2.
The average person lives longer. The human population is
estimated to be 9.8 to 10 billion people by mid-2050. Yet
most soybean protein worldwide is fed directly to animals,
and humans eat those animals. If humans would eat soyfoods
(such as tofu, tempeh, edamame, etc.) as a high-quality, low
cost source of protein, instead of meat, that diet would be
much more sustainable. Address: 1. Dep. of Agronomy, Univ.
of Nebraska, Lincoln, NE 68583-0915; 2-3. Dep. of Plant
Agriculture, Univ. of Guelph, Guelph, ON, Canada N1G
2W1.
2791. Carter, T.E., Jr.; De Souza, P.I.; Purcell, L.C.
1999. Recent advances in breeding for drought and
aluminium resistance in soybean. In: H. Kauffman, ed.
1999. Proceedings of the Sixth World Soybean Research
Conference. Champaign, Illinois: Superior Printing. See p.
106-25. Held Aug. 4-7 1999 at Chicago, Illinois. *
2792. McEwen, Freeman; Morrison, Douglas; Rennie, Clare;
Tanner, Jack. 1999. 125 years of achievements: OAC–A
proud tradition, an exciting future, 1874-1999. Guelph,
Ontario, Canada: University of Guelph. 132 p. Illust. 22 x 28
cm.
• Summary: Contents: 1. New beginnings. 2. Administration
and co-ordination. 3. Teaching. 4. Research. 5. Extension and
service. Within these are 125 achievements, each covered
on one page; the page number is the same as the number of
the achievement. Thus, achievement no. 56 appears on p. 56.
The soybean is the subject of or mentioned in five of these
achievements, all within Chapter 4, “Research” (p. 56-109)
as follows:
OAC 211 soybean (p. 56): This is the first achievement
described under “Research.” A photo shows Charles Zavitz
(seated at his desk), the pioneer in bringing soybeans to
Canada. Zavitz graduated in OAC’s the first degree class
in 1888 and was hired by the College as an assistant
experimentalist in charge of field plots. In 1893, the same
year he was put in charge of all field research at OAC, Zavitz
obtained five soybean varieties from Dr. C. Georgeson
of Kansas State Univ. In 1898, after five years of trial, he
reported that Early Yellow was the highest yielder. Over
the next few years Zavitz introduced approximately 100
new soybean lines from Asia, and in 1901, through the
Experimental Union, soybean seed was sent to farmers for
evaluation. Like most plant introductions, these soybean

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 860
lines were not pure lines, but contained some “off types,” so
Zavitz made pure-line selections from some of these lines.
Initially Zavitz selected OAC 111 from Early Yellow. Then
in 1918, he made 34 selections from 10,000 plants of the
introduction, Harbaro [sic, Habaro] No. 10405. The progeny
of 22 of these lines were tested under uniform conditions.
The line that produced the highest yields was placed in
regular variety trials in 1921; it beat all other varieties in
grain yield and was second in fodder production. Designated
OAC 211, it became the first soybean variety registered in
Canada–on 26 Aug. 1925. During the years when Zavitz
was evaluating soybean varieties, he was also researching
soybean management techniques. The first commercial
production of soybeans in Ontario took place in 1925 in
Essex and Kent counties. By 1932 production in the province
was almost 8,000 acres; by 1940 it was 10,000 to 11,000
acres, and by 1997 it had skyrocketed to 2.3 million acres,
“the largest of any crop in Ontario. Zavitz would have been
proud!”
Early OAC forage varieties (p. 57). About the work of
Prof. O.M. McConkey, with a portrait photo. He joined the
Field Husbandry Dept. in 1923.
Soybean expansion in Ontario (p. 65): Three men were
pioneers in trying to expand soybean production in Ontario.
Prof. George Jones, who joined the department in 1952,
believed soybean production could be greatly expanded from
the 200,000 acres then being grown. Prof. Jack Tanner joined
the department in 1963, and Prof. David Hume arrived in
1966. But many problems stymied their efforts. Two events
changed the environment for soybean expansion. First, as
the corn crop expanded, it paved the way for soybeans (see
p. 69). “Second, Dr. Harvey Voldeng, soybean breeder at the
Central Experimental Farm in Ottawa, released the varieties
Maple Arrow and Maple Glen.” “These new varieties
provided the final piece of the ‘production package’ which
included varieties with a good yield potential, improved
techniques for inoculating seed and improved herbicides for
selective control of weeds. Confident that the production
package was complete, Prof. Hume and his cohorts moved
aggressively to promote it directly to farmers through farm
meetings, field demonstrations, and FactSheets and indirectly
through extension personnel and industry specialists. In
1997, approximately 2.3 million acres of soybeans were
planted between Windsor and the Ottawa Valley and more
land was planted in soybeans than in any other cash crop.”
A photo shows Prof. Hume discussing soybean varieties and
management practices at a growers’ meeting.
Zoning for crop variety recommendations (p. 72):
Discusses the Crop Heat Unit System and shows two maps
where climate zones are delineated by heat units. This heat
unit system, used for hybrid corn recommendations since
1964, was now applied to soybean varieties.
Improved soybean varieties (p. 73): From 1980 to 1997
Ontario’s soybean acreage increased fourfold. Improved

varieties were developed by the OAC Department of Crop
Science. Most important, they were higher yielding, but also
more resistant to lodging, to Phytophthora root rot and to
other diseases. Prior to 1983, only 3 soybean varieties had
been released from OAC. Since then 44 have been registered.
This highly effective soybean breeding program was started
by Prof. Wally Beversdorf, then successively led by Profs.
Jack Tanner and Bruce Luzzi. The best variety to date has
been OAC Bayfield, which out-yielded existing varieties by
15%. In 1998 it was grown on 400,000 acres in Ontario–the
biggest soybean acreage for a soybean variety in Ontario.
Other important varieties have been OAC Eric and OAC
Millennium. In 1997 the soybean crop in Ontario was worth
$800 million. A photo shows Wally Beversdorf inspecting
soybean plants.
Accommodating to Canada’s cold climate (p. 83): In the
late 1960s, Prof. J.W. Tanner began to study cold tolerance
in soybeans. Prof. D.J. Hume researched the physiological
basis for cold tolerance exhibited by some of the soybean
varieties–developed by Dr. Harvey Voldeng of Agriculture
Canada, Ottawa–which had the Swedish variety Fiskeby V
as a parent. The gene for chilling tolerance had come from a
soybean variety from Hokkaido, Japan, in the 1940s.
An improved soybean rhizobium: 532C (p. 93): Some
Rhizobium strains are more effective that others in fixing
atmospheric nitrogen. In the early 1980s Prof. David Hume,
Dep. of Crop Science, began to screen for more effective
strains of soybean rhizobia. He obtained a number of
strains from Dr. Joe Burton of the Nitragin Company in
Milwaukee, Wisconsin, and by 1988 found that one strain,
532C, supported better yields (7% higher) and higher
protein contents than other strains tested. It was promoted to
commercial inoculant companies in North America. By 1990,
all the soybean inoculants sold in Canada contained 532C. It
is estimated that 532C occupies about 30% of the soybeangrowing soils in Ontario and most of Quebec. Address: Univ.
of Guelph, Guelph, Ontario, Canada.
2793. Ross, Andrew J.; Fehr, W.R.; Welke, G.A.; Cianzio,
S.R. de. 2000. Agronomic and seed traits of 1%-linolenate
soybean genotypes. Crop Science 40(2):383-86. March/
April. [12 ref]
• Summary: “An oil from soybean... cultivars with < 20 g
per kg linolenate would have a desirable oxidative stability.”
“The lack of major differences between the 1%- and 2%linolenate lines indicated that it should be possible to develop
acceptable cultivars with less that 20 g per kg linolenate.”
Address: Dep. of Agronomy, Iowa State Univ., Ames, Iowa
50011.
2794. Reich, Lee. 2000. Edamame, the soybean with
advantage. New York Times. May 14. p. 9. Sunday.
• Summary: This article extols green vegetable soybeans
and explains how to grow them in your garden. They need
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warm soil to get started–after the last killing frost. It is very
important to choose a variety suited to your maturity group,
one which is adapted to narrow east-west bands across the
USA. The author (who gardens in the Hudson Valley that
runs north-south in New York state) has tried and had good
results with the varieties Envy, Butterbeans, and Shirofumi.
For best results, before planting, wet the seeds and sprinkle
with commercially available inoculant powder. Be sure to
harvest the pods at the proper time; too early they will be
scrawny and bland, but too late they will be on their way to
becoming dry soybeans. Reich picks repeatedly for a greater
yield, but some people (at some sacrifice of yield) wait until
most of the pods are ready for harvest, then cut or pull out
the plants and strip off the pods in the comfort of a shaded
chair.
Sources: (1) Bountiful Gardens, 18001 Shafer Ranch
Road, Willits, California 95490. Phone: 707-459-6410. Free
catalog and rare seeds supplement; (2) Fedco Seeds, P.O.
Box 520, Waterville, Maine 04903. Free catalog.
Photos by Reich show: (1) Soybean pods growing on the
vines. (2) Eight pods in a person’s hand. (3) Shelled green
beans near some emptied pods.
2795. Brown-Guedira, G.L.; Thompson, J.A.; Nelson, R.L.;
Warburton, M.L. 2000. Evaluation of genetic diversity of
soybean introductions and North American ancestors using
RAPD and SSR markers. Crop Science 40(3):815-23. May.
[29 ref]
• Summary: “The objective of this research was to assess
the relationship of 18 major ancestors of North American
soybean germplasm with 87 plant introductions (PIs) that
are potential new sources of genetic variation for soybean
breeding programs. Genetic distances (GD) among the 105
genotypes analyzed were calculated from 109 polymorphic
DNA fragments amplified with random oligonucleotide
primers and simple sequence repeat (SSR) primer pairs.”
Abbreviations: cM, centimorgans; GD, genetic
distance; MG, maturity group; PI, Plant Introduction;
PCR, polymerase chain reaction; RAPD, random amplified
polymorphic DNA; SSR, simple sequence repeat; RFLP,
restriction fragment length polymorphism; UPGMA,
Unweighted Pair Group Method Using Arithmetic Averages.
Address: 1. USDA-ARS, Plant Science and Entomology
Research Unit, Dep. of Agronomy, 2001 Throckmorton Plant
Science Center, Kansas State Univ., Manhattan, KS 66506.
2796. Ablett, G.R.; Stirling, B.T.; Fisher, J.D. 2000. RCAT
Legacy soybean. Canadian J. of Plant Science 80(3):595-96.
July. [Eng; fre]
• Summary: “RCAT Legacy is an early Maturity Group II
soybean... cultivar with excellent yield potential and good
lodging resistance. It was developed by Ridgetown College,
University of Guelph and is widely adapted to Ontario.”
Address: Ridgetown College, Univ. of Guelph, Main Street

E., Ridgetown, Ontario, Canada N0P 2C0.
2797. Ablett, G.R.; Stirling, B.T.; Fisher, J.D. 2000. SW3308 soybean. Canadian J. of Plant Science 80(3):595-96. July.
[Eng; fre]
• Summary: “SW33-08 is an early Maturity Group III
soybean... cultivar with excellent yield potential and good
lodging resistance. It was developed by Ridgetown College,
University of Guelph and adapted to the long season areas
of S.W. Ontario.” Address: Ridgetown College, Univ. of
Guelph, Main Street E., Ridgetown, Ontario, Canada N0P
2C0.
2798. Vadez, V.; Sinclair, T.R. 2000. Ureide degradation
pathways in intact soybean leaves. J. of Experimental Botany
51(349):1459-65. Aug. [18 ref]
• Summary: “Ureides dramatically accumulate in shoots
of N2-fixing soybean... under water deficit and this
accumulation is higher in cultivars that have N2 fixation that
is sensitive to water deficit. One possible explanation is that
ureide accumulation is associated with a feedback inhibition
of nitrogenase activity.” Address: USDA-ARS, Agronomy
Dep., Agronomy Physiology Lab., IFAS Building 350, Univ.
of Florida, PO Box 110965, Gainesville, FL 32611-0965.
2799. Isaza, M.I.; Lúquez, J.; Weilenmann de Tau, M.E.
2000. Variability of oil and protein contents and oil
composition in soybean, sown in different environments of
the southern part of Buenos Aires province, in Argentina.
In: Kyoko Saio, ed. 2000. Proceedings–Third International
Soybean Processing and Utilization Conference. Tokyo,
Japan: Korin Publishing Co., Ltd. [xxiv] + 728 + 8 p. See p.
106-107. [5 ref]
• Summary: “Abstract: Composition and quantity of oil
and protein in the seed are influenced by the environment.
Twenty seven cultivars, from the Maturity Groups III and IV,
were tested in three contrasting environments of the southern
pampeana region of Argentina. Average of protein and oil
contents was 39. 3% and 22.7%; 39.9% and 22.7%; 42.4%
and 20.3% for Balcarce I, II and III respectively. The content
of linolenic acid increased from 7.4% in Balcarce I to
9.1% in Balcarce III and that of oleic acid diminished from
27.3% in Balcarce Ito 25.5% in Balcarce III. It is possible to
modify the contents of oil, protein and fatty acids of soybean
cultivars managing sowing dates, provided that water stress
is avoided.” Address: Unidad Integrada Balcarce, Ruta 226,
km 73,5 (7600) Balcarce, Argentina; E-mail: jluquez@
balcarce.inta.gov.ar.
2800. Masuda, Ryoichi; Kyuya, Harada. 2000. Carbohydrate
accumulation in developing soybeans seeds sucrose and
starch levels in 30 cultivars for soyfoods. In: Kyoko Saio, ed.
2000. Proceedings–Third International Soybean Processing
and Utilization Conference. Tokyo, Japan: Korin Publishing
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Co., Ltd. [xxiv] + 728 + 8 p. See p. 67-68. [6 ref]
• Summary: Varieties with high sugar content have been
reported to make good-tasting soyfoods. “Abstract:
Developing soybean seeds from thirty genotypes, used for
traditional soyfoods (tofu, natto, miso, cooked seeds and
vegetable soybeans), were analyzed for contents of sugars,
sugar alcohols and starch. Sucrose and starch contents on
dry weight basis (DW) of Enrei, a typical cultivar for tofu
processing, increased until the first half of seed filling and
then decreased during the later half of the filling. Stachyose,
raffinose and galactinol increased during the later, and
sucrose in some cultivars also increased, while reduction of
starch content continued during the stage. Starch content was
reduced to 0.4% DW at the seed desiccating stage. Range
of sucrose, stachyose and starch contents in mature seeds
analyzed were 3-15% DW, 1-6% DW and 0.04-0.98% DW,
respectively. Pinitol was not changed throughout the seed
development. Consequently, soybeans were divided into
four groups on the basis of the carbohydrate content during
the seed development, 1; sucrose > starch at the middle, 2;
same level of both sucrose and starch, 3; starch > sucrose at
the middle, and 4; starch > sucrose at the middle and sucrose
increased at the later stage. All cultivars of dadacha-mame
analyzed, preferably cultivars for vegetable soybeans, at the
mid-filling accumulated sucrose more than 15% DW (4%
fresh weight) to the highest level among the cultivars tested.
Mature seeds with high sucrose and stachyose have been
preferably sources of cooked seeds and natto.” Address: 1.
National Food Research Inst., Tsukuba, Japan; 2. Faculty of
Horticulture, Chiba Univ., Matsudo, Chiba, Japan.
2801. Shrihari, P.C.; Sakamoto, K.; Inubushi, K.; Akao,
S. 2000. Interaction between supernodulating and nonnodulating mutants of soybean and two mycorrhizal fungi.
Mycorrhiza 10(3):101-06. Dec. [38 ref]
• Summary: “Abstract: Twelve nodulation mutants (seven
non-nodulating and five supernodulating) of soybean...
were screened for arbuscular mycorrhizal colonization
in the presence of either Glomus etunicatum Becker and
Gerdemann or Gigaspora margarita Becker and Hall. The
cultivars showed variation in colonization parameters.”
Address: 1-3. Faculty of Horticulture, Chiba Univ., Matsudo,
Chiba, 271-8510, Japan.
2802. Okpara, D.A.; Ibiam, B. 2000. Evaluation of soybean
varieties for adaptability to a humid tropical environment in
South Eastern Nigeria. J. of Sustainable Agriculture and the
Environment 2(1):26-31.
• Summary: “Two field experiments, laid out in a
randomized complete block design with three replications
were conducted at Umudike, Southeastern Nigeria, in the
lowland humid forest zone of south eastern Nigeria in 1997
and 1998 to evaluate the adaptability of soyabean cultivars
to the environment. Ten early and ten medium maturing

cultivars were used in 1997 while twelve in each maturity
group were evaluated in 1998 for plant height, dry weight,
time to flowering, seed yield, and yield components.
The medium maturing cultivars, on average, produced
significantly greater dry matter and took a longer time to
produce flowers...”
The names of various TGX varieties are given, each
with a description or characterization. Address: College
of Crop and Soil Sciences, Michael Okpara Univ. of
Agriculture, Umudike, Abia State, Nigeria.
2803. Carbonell, Sérgio Augusto Morais; Vello, Natal
Antonio. 2001. Genetic analysis of soybean seed response
to mechanical damage. Crop Breeding and Applied
Biotechnology 1(1):35-43. Jan. [23 ref. Eng; por]
• Summary: Even though soybeans are very sensitive to
mechanical damage, it is possible to breed soybeans for
resistance to mechanical damage (MD) to the seeds during
harvesting. “The vital parts of the embryonary axis (radicle,
hypocotyl and plumule) are located under a very thin seed
coat, which offers little protection.”
“The coefficient of genotypic determination for MD
was estimated in 0.739, indicating large possibility to
select MD resistant inbred lines in a population represented
by the 45 diallel crosses. Expected and observed genetic
gains indicated the possibility of success in the selection
for resistance to MD among and within crosses. Based
on the low genetic correlations (<0.25) among MD,
PHM (plant height at maturity), and SY (seed yield), all
possible combinations of these traits could be found in a
same soybean plant, at least in the early maturity group.”
Address: 1. Instituto Agronômico (IAC), Centro de Plantas
Graníferas–Setor Genética, Caixa Postal 28, 13001-970
Campinas, SP, Brazil.
2804. Destro, Deonisio; Carpentieri-Pípolo, V.; Kiihl, R.A.S.;
Almeida, L.A. 2001. Photoperiodism and genetic control of
the long juvenile period in soybean: a review. Crop Breeding
and Applied Biotechnology 1(1):72-92. Jan. [90 ref. Eng;
por]
• Summary: Soybean is a short day plant that flowers when
days are shorter than the maximum critical value, and this
period is specific for each genotype. Soybean sensitivity
to photoperiodism determines the limits of the sowing
period for a latitude and hinders adaptation to wider ranges
of latitude. The long juvenile period (LJP), which delays
flowering under short day conditions, has been identified in
soybean cultivars. The introduction of the LJP characteristic
in soybean has made its cultivation possible in regions with
latitudes lower than 15 degrees.
“Some conclusions about the genetic LJP control in
soybean were reached from the present review: (a) plants
with LJP have a lower development rate for flowering,
resulting in the lengthening of the vegetative period;
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(b) the LJP characteristic has a direct influence on plant
photoreceptivity and flowering induction; (c) the genetic
control of flowering time in short days is determined by a
different and independent genetic system from that which
determines long day flowering time; (d) late flowering under
short day conditions is a quantitative characteristic controlled
by recessive genes, and it is believed that one to five main
genes control flowering. Genotypes with a single pair of
recessive alleles did not have LJP.”
Yet even after all this, we can conclude that the
“physiological mechanism of the long juvenile period (LJP)
is little understood.”
Note. This is the earliest English-language document
seen (Aug. 2018) that contains the term “long juvenile
period.” Address: 1-2. Departamento de Agronomia,
Universidade Estadual de Londrina, Caixa Postal 6001, CEP
86051-990 Londrina, PR, Brasil.
2805. Ohtake, Norikuni; Sato, T.; Fujikake, H.; Sueyoshi, K.;
Ohyama, T.; Ishioka, N.S.; Watanabe, S.; Osa, A.; Sekine, T.;
Matsuhashi, S.; Ito, T.; Mizuniwa, C.; Kume, T.; Hashimoto,
S.; Uchida, H.; Tsuji, A. 2001. Rapid N transport to pods
and seeds in N-deficient soybean plants. J. of Experimental
Botany 52(355):277-83. Feb. [13 ref]
• Summary: “Normal soybean plants have root nodules
which house the microsymbionts Bradyrhizobium or
Sinorhizobium. Nodulated plants utilize both combined
nitrogen absorbed by the roots and nitrogen fixed by the
bacteroids in the root nodules. In soybean plants, the
nitrogen fixed from root nodules is transported mainly as
ureides (allantoin and allantoic acid) whereas the combined
N absorbed by the roots, normally nitrate, is transported as
nitrate or assimilated into amino acids, mainly asparagine.”
Address: 1-5. Faculty of Agriculture, Univ. of Niigata,
2-8050 Ikarashi, Niigata-city, Niigata 951-2181, Japan.
2806. Kumudini, Sarartha; Hume, D.J.; Chu, G. 2001.
Genetic improvement in short season soybeans: I. Dry matter
accumulation, partitioning, and leaf area duration. Crop
Science 41(2):391-98. March. [41 ref]
• Summary: “The results of this experiment indicate that
yield improvement in the short-season soybean cultivars
examined was mainly associated with longer leaf area
duration and the subsequently greater dry matter (DM)
accumulation.”
“Genetic improvement in yield for short- and longseason soybean cultivars from USA and Canada has
been reported to be in the range of 0.5 to 1% annually
(Leudders, 1977; Wilcox et al., 1979; Specht and Williams,
1984; Voldeng et al., 1997). The average soybean yield in
Ontario increased linearly between 1942 and 1997 from
approximately 1200 to 2600 kg per ha (Anon, 1999). Such
yield increases may be due to either agronomic practices or
improved soybean genetics (genetic gain) or the interaction

of genetic gain and enhanced agronomic practices as
cultivars are selected under new management practices
(Evans, 1993).”
Abbreviations: CAP, canopy apparent photosynthetic
rate; CER, carbon exchange rate; CGR, crop growth rate;
DM, dry matter; HI, harvest index; EEF, effective filling
period; LAI, leaf area index; MG, maturity group; SFP, seedfilling period; SGR, seed growth rate.
“The greater LAI of the newer cultivars during the SFP
indicates a delay in the rate at which the leaves senesced,
resulting in a longer ‘stay green’ period. Greater LAI of the
newer cultivars would enable greater radiation absorption
during the SFP especially when LAI values are below the
critical value for 95% radiation interception...” Address: 1.
Plant Science Dep., Rutgers Univ., 125 Lake Oswego Rd.,
Chatsworth, New Jersey 08055; 2-3. Guelph, Canada.
2807. Singer, Jeremy W. 2001. Soybean light interception
and yield response to row spacing and biomass removal.
Crop Science 41(2):424-29. March. [18 ref]
• Summary: “Biomass removal effects on soybean... light
interception and yield under different row spacings have not
been documented. Objectives for this study were to evaluate
biomass removal, light interception, seed yield, and yield
components of soybean under seven clipping treatments.”
“Clipping [thinning] at V5 and V5 + R1 did not affect
yield in wide rows. All other clipping treatments suffered
yield reductions ranging from 20 to 58%.”
Abbreviations: DAP, days after planting; HI, harvest
index; LAI, leaf area index; PAR, photosynthetically active
radiation. Address: Dep. of Plant Science, Cook College,
Rutgers Univ., 59 Dudley Road, New Brunswick, New
Jersey 08901-8520.
2808. Specht, J.E.; Chase, K.; Macrander, M.; Graef, G.L.;
Chung, J.; Markwell, J.P.; Germann, M.; Orf, J.H.; Lark,
K.G. 2001. Soybean response to water: A QTL analysis of
drought tolerance. Crop Science 41(2):493-509. March. [55
ref]
• Summary: QTL stands for quantitative trait loci. “The
major quantitative trait loci (QTL) for yield beta, yield, and
CID were coincident with maturity and/or determinancy
QTLs, except for a CID QTL in linkage group U09-C2, but
it had no effect on beta. Genetic improvement of soybean
yield performance under drought would be better achieved
by coupling a high-yield grand mean with a high- (not low-)
yield beta.”
“Water is the paramount abiotic factor affecting crop
productivity (Boyer, 1982). Seasonal rainfall deficits account
for much annual variation in crop yield.”
Abbreviations: beta, linear regression coefficient; CID,
carbon isotope discrimination; ET, evapotranspiration; G
x W, genotype x water; G x WL, linear portion of G x W;
HI, harvest index; LG, linkage group; QTL, quantitative
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trait locus; RIL, recombinant inbred line; SY, seed yield;
T, transpiration; TE, transpiration efficiency; VPD, vapor
pressure deficit; WUE, water-use efficiency.
Note: This is the earliest document seen (June 2020)
with the abbreviation “QTL = quantitative trait locus” in
the title. Address: 1. Dep. of Agronomy, Univ. of Nebraska,
Lincoln, NE 68583-0915.
2809. Yang, Wencai; Weaver, David B. 2001. Resistance to
frogeye leaf spot in maturity groups VI and VII of soybean
germplasm. Crop Science 41(2):549-52. March. [33 ref]
• Summary: “Frogeye leaf spot (FLS) (caused by
Cercospora sojina Hara) is an important foliar disease in
many soybean... production areas of the world. It can cause
severe yield losses, but can be completely managed with
genetic resistance. Three dominant genes for resistance
have been reported. However, the fungus is known to
be genetically variable, and in the past, new races have
developed that were capable of infecting previously resistant
genotypes.”
“Twelve accessions remained completely disease free
after repeated inoculation, thus were considered highly
resistant or immune.”
FLS is most severe in warm, humid climates. Address:
Dep. of Agronomy and Soils, Auburn Univ. and Alabama
Agric. Exp. Station, Auburn, AL 36849.
2810. Cober, Elroy R.; Stewart, D.W.; Voldeng, H.D. 2001.
Photoperiod and temperature responses in early-maturing,
near-isogenic soybean lines. Crop Science 41(3):721-27.
May. [27 ref]
• Summary: “While photoperiod responses have been
studied in soybean... isolines, identification of temperature
and photo-thermal responses are lacking in early-maturing
soybean. This study was conducted to quantify photoperiod
and temperature responses of early-maturing soybean.”
Address: Eastern Cereal and Oilseed Research Centre
(ECORC), Agriculture and Agri-Food Canada, Bldg. #110,
Central Exp. Farm, Ottawa, Ontario, Canada K1A 0C6.
2811. Cober, Elroy R.; Voldeng, H.D. 2001. A new soybean
maturity and photoperiod-sensitivity locus linked to E1 and
T. Crop Science 41(3):698-701. May. [15 ref]
• Summary: “An association between early maturity and
tawny pubescence has been observed in short-season
soybean... The objectives of this study were to determine if
a single locus controls early maturity; and if there is a new
locus linked to E1 and T or, alternatively, a third allele at the
E1 locus.” Address: Eastern Cereal and Oilseed Research
Centre, Agriculture and Agri-Food Canada, Bldg. #110,
Central Exp. Farm, Ottawa, Ontario, Canada K1A 0C6.
2812. Noureldin, Nemat A.; Hassan, Mohamed N. 2001.
Soybean growth and phenology. In: Robert B. Dadson

and Nemat A. Noureldin, eds. 2001. Soybeans in Egypt:
Research, Production, Economics, Nutrition, and Health.
Proceedings of The International Conference on Soybean
Production under Newly Reclaimed Lands in Egypt.
Bethesda, Maryland: University Press of Maryland. xvi +
201 p. See p. 6-16. Chap. 2. Held 28-29 Nov. 1998 in Egypt.
[6 ref]
• Summary: A table shows: (1) Vegetative and reproductive
state of soybean plant.
Figures show: (1) Cotyledon (VC)-stage. (2) Parts of a
soybean plant at the second node (V2)-stage. (3) Beginning
bloom (R1) stage. (4) Full bloom (R2) stage. (5) Beginning
pod (R3) stage. (6) Full pod (R4) stage. (7) Beginning
seed (R5) stage. (8) Full seed (R6) stage. Address: Dep. of
Agronomy, Ain Shams Univ., P.O. Box 68, Hadayek Shobra,
Cairo 11241, Egypt.
2813. Odeleye, F.O.; Togun, A.O.; Tayo, T.O. 2001. The
effect of light intensity on the growth, development and
yield of soybean in southwest Nigeria. African Crop Science
Journal 9(3):577-90. [Sept.]. [20 ref. Eng; fre]
• Summary: “Soybean is an important cheap source of plant
protein in Nigeria. Its production is constrained by low light
intensity in the southern rainforest ecology due to cloud
cover during the production season.
“Results reveal that reduced light intensity was most
damaging to soybean performance at the pod filling stage and
the lower the light intensity the greater the yield reduction.”
Address: Faculty of Agriculture, Ahmadu Bello Univ., PMB
1044, Zaria, Nigeria.
2814. Bennett, Ken; Stoneman, Don. 2001. Japanese soybean
investment helps Ontario farmers access good Identity
Preserved markets. Better Farming (Ontario, Canada)
3(9):20-29. Nov.
• Summary: Ontario farmers are moving from growing
commodity soybeans for crushing to growing identity
preserved (IP) soybeans for specialty uses, as for the
Japanese market. This year’s drought and small soybean
crop may actually speed the transition. Growth of Ontario
soybean sales overseas continues to grow.
Eric Bosveld “is president of the new Agromart
Processing Company Incorporated, located at Belton in
western Ontario, between St. Marys and London.” Agromart
is a new food-grade soybean processing plant; it is also
“the missing piece of equipment that has kept the Agromart
Group from accessing good Identity Preserved (IP) markets
for farmers.
“The plant also represents a significant investment by
three Japanese companies who are paying half of the total
cost, which is in excess of $1 million.” The three, Marubeni
Corp., Nisshin Oil Mills, and Nisshin Logistics, have made a
substantial commitment to the Ontario soybean industry. This
gives Ontario soybean growers and Agromart Processing to
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their markets. With this investment, the Japanese companies
are no longer just a buyer; they are now a partner and
investor, directly involved with the new processing company.
The other half of the costs has been paid by 12
Agromarts. This should make Ontario soybean farmers more
profitable.
“That business model has already been proven by the
success of Agromart Terminals Incorporated, which also
operates at Belton and is 50 per cent owned by 14 of the
Agromart joint ventures.”
Peter Hannam, president of First Line Seeds Limited in
Guelph, Ontario, “is considered by many to by many to be
the guru of the Ontario soybean industry. He found the coldtolerant soybean variety named Now. The story begins in
1962, when Hannam saw some soybeans “growing outside
the crop science building at the University of Guelph, where
he was about to receive an agricultural degree.” At the
time soybeans were considered to be a warm season crop,
better suited to the climate of a few of Ontario’s southwest
counties. When a professor told Hannam that soybeans
would not grow in cold climates, he took it as a challenge. In
1963 he began experimenting with a small plot of soybeans
on the outskirts of Guelph. It took him 8 years of planting
5 or 10 acres of soybeans before he found a way that was
profitable. “He worked closely with the University of
Guelph to find a cold-tolerant bean, searching as far away as
Sweden.”
“In the early 1980s, he was involved with the Canadian
Seed Growers Association and met a dozen other seed
growers across Ontario who shared his vision. In 1982, they
joined forces and First Line Seeds was born” in Guelph.
Hannam wants to get out of “the commodity cycle” by
developing proprietary soybean varieties and finding
proprietary IP markets. He believes this will benefit farmers.
“In 1993 it was not legal to breed the Roundup Ready®
gene into soybeans in Canada. “Nobody else in Ontario was
interested in doing that.” First Line was the first company to
incorporate the Roundup Ready gene. “That innovation gave
them a huge lead in the Roundup Ready market, enabling
them to offer the first [genetically engineered soybean]
varieties in Canada in 1997. It also made them an attractive
partner for a large crop technology company, and in 1998
Monsanto bought a majority stake in First Line.” The active
minority shareholders make First Line “the most unusual
seed company in the world.” Hannam sees “a very strong
future for the bio economy, growing specialized crops for
specialized purposes.” There will be many new uses. There
is “a long way to go in utilizing the protein of soybeans to its
fullest extent,” says Hannam.
John Cowan is manager of the Hyland Seed Division of
W.G. Thompson and Sons Ltd. He notes that “Hyland was
the original IP crop producer in Ontario, producing corn
for the Kellogg plant in London,” Ontario, Canada, as early
as 1977–the same year Hyland began its soybean breeding

program.
In the crop year ending September 2000, Ontario
soybean growers sold 2.34 million tonnes of soybeans.
“Exports were more than 400,000 tonnes. While the
definition of IP remains vague,” Kim Cooper, marketing
manager of the Ontario Soybean Board, says that, “strictly
speaking, IP soybeans represent about 40 per cent” of the
exports. Peter Hannam, president of First Line Seeds, thinks
that about 75% of this year’s crop will be “sold by variety.”
2815. Cober, Elroy R.; Voldeng, H.D. 2001. Low R:FR
light quality delays flowering of E7E7 soybean lines. Crop
Science 41(6):1823-26. Nov. [22 ref]
• Summary: “A new locus (E7) controlling flowering and
maturity time, and photoperiod response in soybean... was
identified by means of 20-hour days of low (0.7) red:farred (R:FR) light quality. The objective of this study was to
characterize light quality and photoperiod responses of E7E7
and e7e7 soybean near-isogenic lines.” Address: Eastern
Cereal and Oilseed Research Centre (ECORC), Agriculture
and Agri-Food Canada, Bldg. #110, Central Exp. Farm,
Ottawa, Ontario, Canada K1A 0C6.
2816. Ma, B.L.; Dwyer, L.M.; Costa, C.; Cober, E.R.;
Morrison, M.J. 2001. Early prediction of soybean yield
from canopy reflectance measurements. Agronomy Journal
93(6):1227-34. Nov. [34 ref]
• Summary: “Correlations between plant canopy reflectance
and aboveground biomass can possibly be used for early
prediction of crop yield. Field experiments were conducted
in 1998 and 1999 on two soil types to assess whether
measurements of canopy reflectance at given stages of
development could be used to discriminate high from low
potential yields among genotypes with known differences
in potential grain yield...” Address: 1-2. Eastern Cereal and
Oilseed Research Center (ECORC), Central Exp. Farm,
Agriculture and Agri-Food Canada, Research Branch, 960
Carling Ave., Ottawa, ON, K1A 0C6 Canada.
2817. Gai, Jinyi; Wang, Y.S.; Zhang, M.C.; Wang, J.A.;
Chang, R.Z. 2001. [Studies on the classification of maturity
groups of soybeans in China]. Acta Agronomica Sinica (Zuo
Wu Xue Bao) 27(3):286-92. [Chi; eng]*
2818. Kantolic, A.G.; Slafer, G.A. 2001. Photoperiod
sensitivity after flowering and seed number determination
in indeterminate soybean cultivars. Field Crops Research
(Amsterdam) 72:109-18. *
2819. Macchiavelli, R.; Beaver, J.S. 2001. Effect of number
of seed bulked and population size on genetic variability
when using the multiple-seed procedure of SSD. Crop
Science 41:1513-16. *
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2820. Destro, Deonisio; Carpentieri-Pípolo, V.; Kiihl, R.A.S.;
Almeida, L.A. 2001. Photoperiodism and genetic control of
the long juvenile period in soybean: a review. Crop Breeding
and Applied Biotechnology 1(1):72-92. [90 ref]
• Summary: “The long juvenile period (LJP), which delays
flowering under short day conditions, has been identified in
soybean cultivars. The introduction of the LJP characteristic
in soybean has made its cultivation possible in regions with
latitudes lower than 15º.”
The photoperiod barrier was first broken in the
late 1970s. Address: 1. Departamento de Agronomia,
Universidade Estadual de Londrina, Caixa Postal 6001, CEP
86051-990 Londrina, PR, Brasil.
2821. Primomo, Valerio S.; Falk, D.E.; Ablett, G.R.; Tanner,
J.W.; Rajcan, I. 2002. Genotype x environment interactions,
stability, and agronomic performance of soybean with altered
fatty acid profiles. Crop Science 42(1):37-44. Jan. [24 ref]
• Summary: “Abstract: There has been a major effort to
produce soybean... lines with modified fatty acid profiles in
order to improve quality and develop new uses for soybean
oil. Utilization of the lines depends on their agronomic
traits and stability of the fatty acid profiles in diverse
environments. The objectives of this study were to (i)
evaluate the influence of years and locations on the fatty
acid composition of soybean genotypes with unique fatty
acid profiles, (ii) determine which fatty acids and fatty acid
profiles are the most stable, and (iii) evaluate agronomic and
seed quality traits of mutant soybean lines.” Address: Dep.
of Plant Agriculture, Crop Science Div., Univ. of Guelph,
Guelph, ON, N1G 2W1 Canada.
2822. Primomo, Valerio S.; Falk, D.E.; Ablett, G.R.; Tanner,
J.W.; Rajcan, I. 2002. Inheritance and interaction of low
palmitic and low linolenic soybean. Crop Science 42(1):3136. Jan. [25 ref]
• Summary: “Decreasing the palmitic and linolenic acid
content of soybean... oil would help improve its nutritional
quality oxidative stability. The altered fatty acid profile in
soybean germplasm lines with decreased levels of palmitic
and linolenic acid have been developed at the University
of Guelph, Canada, by combining different mutant alleles
through hybridization.” Address: Dep. of Plant Agriculture,
Crop Science Div., Univ. of Guelph, Guelph, ON, N1G 2W1
Canada.
2823. Hoffman, D.D.; Diers, B.W.; Hartman, G.L.; Nickell,
C.D.; Nelson, R.L.; Pedersen, W.L.; Cober, E.R.; et al. 2002.
Selected soybean plant introductions with partial resistance
to Sclerotinia sclerotiorum. Plant Disease (USA) 86(9):97180. Sept. [30 ref]
• Summary: “Sclerotinia stem rot, caused by Sclerotinia
sclerotiorum, is a major soybean... disease in north-central
regions of the United States and throughout the world.

Current sources of resistance to Sclerotinia stem rot express
partial resistance, and are limited in number within soybean
germ plasm. A total of 6,520 maturity group (MG) 0 to IV
plant introductions (PIs) were evaluated for Sclerotinia stem
rot resistance in the United States and Canada.” Address:
1-2. Dep. of Crop Sciences, Univ. of Illinois at UrbanaChampaign, Urbana 61801; 7. Eastern Cereal and Oilseed
Research Centre (ECORC), Central Experimental Farm,
Research Branch, Agriculture and Agri-Food Canada, 960
Carling Ave., Ottawa, Ont., Canada K1A 0C6.
2824. Hakoyama, Tsuneo; Yokoyama, T.; Kouchi, H.;
Tsuchiya, K.; Kaku, H.; Arima, Y. 2002. Transcriptional
response of soybean suspension-cultured cells induced
by Nod factors obtained from Bradyrhizobium japonicum
USDA110 (Open Access). Plant and Cell Physiology
43(11):1314-22. Nov. 15. [30 ref]
• Summary: “Genes responding to Nod factors were picked
up by the application of a differential display method
for soybean suspension-cultured cells. Forty-five cDNA
fragments derived from such genes were detected. Seven
fragments (ssc1-ssc7) were successfully cloned. The putative
product of genes corresponding to ssc1 was estimated to
be a disease-resistance protein relating to the induction
of the plant defense response against pathogens, and that
corresponding to ssc7 was a sucrose transporter.”
“Flavonoid compounds released from the plant roots
induce expression of rhizobial nod genes (Peters et al.
1986).” Address: 1. Faculty of Agriculture, Tokyo Univ. of
Agriculture and Technology Fuchu, Tokyo, 183-8509 Japan.
2825. Rao, M.S.S.; Bhagsari, A.S.; Mohamed, A.I. 2002.
Fresh green seed yield and seed nutritional traits of vegetable
soybean genotypes. Crop Science 42(6):1950-58. Nov. [38
ref]
• Summary: “Edamame (pronounced eh-dah-MAH-meh) are
large-seeded soybean [Glycine max (L.) Merr.] harvested as
green pods at the R6 stage when the seed are approximately
80% matured. The demand for edamame as fresh or frozen
vegetable is increasing worldwide. Currently, lack of adapted
edamame cultivars is one of the major factors limiting its
commercial production in the southeastern USA.”
Table 1, “Plant introduction numbers, country of origin,
pedigree, seed dry weight, and maturity group of soybean
genotypes used in this study,” lists the following varieties
plus dry seed weight in gm per 100 seeds. Most were
collected from Japan. Note that Tambagura has by far the
heaviest seeds:
PI 181565–22.0
Shangrao Wan Qingsi–23.5
Tamabagura–46.5
Akiyoshi–26.3
PI 200506–24.0
Houjaku–24.8
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Guanyun Da Hei Dun–26.1
Hutcheson–21.6
Tomahomare–26.1
PI 417427–22.0
Tousan–22.3
Ware–19.1
Mian Yan–21.7. Address: 1-2. Agricultural Research
Station, Fort Valley State Univ., Fort Valley, Georgia 31030;
3. Agric. Research Station, Virginia State Univ., Petersburg,
VA 23806.

tolerance in soybean. Theoretical and Applied Genetics
(TAG) 106(3):494-502. Feb. [45 ref]
• Summary: “We investigated the isozyme profiles of
antioxidant enzymes in cultivars and lines with different seed
productivity in cool climate conditions as a step towards
understanding the physiological and genetical mechanisms
underlying chilling tolerance in soybean.” Address: 1, 3&4.
National Agricultural Research Center for Hokkaido Region
(NARCH), Hitsujigaoka, Sapporo, Hokkaido 062-8555,
Japan.

2826. Melarato, Marcelo; Panobianco, M.; Vitti, G.C.;
Vieira, R.D. 2002. Manganês e potencial fisiologico de
sementes de soja [Manganese and physiological quality of
soybean seeds]. Ciencia Rural (Santa Maria) 32(6):1069-71.
Dec. [5 ref. Por; eng]
• Summary: “Based on these results it can be concluded that
there was a positive effect of the applied Mn on the weight
of 1000 seeds and that the physiological potential of seeds
wasn’t influenced by the manganese supply.” Address: 1.
Engenheiro Agrônomo, Doutor, Departamento de Solos e
Nutriçao de Plantas, Escola Superior de Agronomia Eliseu
Maciel, Universidade de Sao Paulo [Brazil].

2831. Cober, Elroy R.; Curtis, D.F. 2003. Both promoters
and inhibitors affected flowering time in grafted soybean
flowering-time isolines. Crop Science 43(3):886-91. May.
[30 ref]
• Summary: “Understanding the control of flowering time in
photoperiod-sensitive plants has been furthered by grafting
experiments. In soybean... genes which control flowering
time have been identified and their responses to photoperiod
characterized. Grafting experiments allow the study of
interactions between genotypes.” Address: Eastern Cereal
and Oilseed Research Centre (ECORC), Agriculture and
Agri-Food Canada, Building 110, Central Experimental
Farm, Ottawa, Ontario, Canada K1A 0C6.

2827. Hamman, B.; Egli, B.D.; Koning, G. 2002. Seed
vigor, soilborne pathogens,–preferment growth and soybean
seedling emergence. Crop Science 42:451-57. *
2828. Holshouser, D.L.; Whittaker, J.P. 2002. Plant
population and row-spacing effects on early soybean
production systems in the Mid-Atlantic USA. Agronomy
Journal 94:603-11. *
2829. Gan, Yinbo; Stulen, I.; van Keulen, H.; Kuiper, Pieter
J.C. 2003. Effect of N fertilizer top dressing at various
reproductive stages on growth, N2 fixation and yield of three
soybean (Glycine max (L.) Merr.) genotypes. Field Crops
Research (Amsterdam) 80(2):147-55. Jan. 20. [35 ref]
• Summary: “Previous experiments in both the field and
greenhouse have shown that N2 fixation alone cannot meet
the N requirement for maximizing soybean yield, and that N
top-dressing at the flowering stage was more efficient than N
top-dressing at the vegetative stages.”
“Thus, the best timing for N top-dressing during
reproduction is at the flowering stage, which increased seed
yield by 21% for Wuyin 9, 27% for You 91-19, and 26%
for Jufeng, respectively, compared to the treatment without
N top-dressing.” Address: 1-2, 4. Lab. of Plant Physiology,
Univ. of Groningen, P.O. Box 14, 9750 AA Haren, The
Netherlands.
2830. Funatsuki, H.; Kurosaki, H.; Murakami, T.; Matsuba,
S.; Kawaguchi, K.; Yumoto, S; Sato, Y. 2003. Deficiency
of a cytosolic ascorbate peroxidase associated with chilling

2832. Herman, Eliot M.; Helm, R.M.; Jung, R.; Kinney, A.J.
2003. Genetic modification removes an immunodominant
allergen from soybean. Plant Physiology 132(1):36-43. May.
[50 ref]
• Summary: In a first attempt to reduce soybean
allergenicity, the authors constructed a gene silencing vector
which successfully suppressed the expression of P34 protein
in transgenic soybean lines. The method of reduction was
“gene silencing.”
Note: This article is in a short section titled
“Breakthrough Technologies.” Address: 1. Plant Genetics
Research Unit, USDA/ARS, Donald Danforth Plant Science
Center, 975 North Warson Street, St. Louis, Missouri 63132.
2833. Osunde, A.O.; Gwam, S.; Bala, A.; Sanginga, N.;
Okogun, J.A. 2003. Responses to rhizobial inoculation by
two promiscuous soybean cultivars in soils of the Southern
Guinea savanna zone of Nigeria. Biology and Fertility of
Soils 37(5):274-79. May. [23 ref]
• Summary: “The inoculant strains appeared to be less
competitive, but more effective, than the indigenous
populations. The proportions of the nodules occupied by
the inoculant strains were 17% in the first cropping season,
and 24% in the second. Inoculation with rhizobia increased
the percent arbuscular mycorrhizal infection by an average
of 50%. Although grain yield varied between sites, no
significant cultivar effect was observed... The proportion
of nitrogen derived from N2 fixation ranged from 27% to
50% in both cropping seasons,...” Address: 1-3. Dep. of
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Soil Science, Federal Univ. of Technology, PMB 65, Minna,
Niger State, Nigeria; 4-5. International Inst. of Tropical
Agriculture (IITA), PMB 5320, Ibadan, Nigeria.
2834. Hymowitz, Ted. 2003. Outcrossing, cross pollination,
or unwanted crossing in soybeans (Interview). SoyaScan
Notes. Aug. 25. Conducted by William Shurtleff of Soyfoods
Center.
• Summary: Monsanto wants to know more about soybean
gene contamination, especially the probability that genes
from their genetically engineered (GE) soybeans might
escape into non-GE soybeans.
Two major questions are: (1) What is the mechanism
by which this contamination takes place? Answer: Bees.
(2) What does it mean? Answer: Nobody knows, because
in certain instances the cross between the soybean that has
the genetically modified trait and, for example, and organic
soybean, may not be adaptive (it may have no selective
advantage), so it will gradually work its way out (fade
out), like any gene that is randomly introduced and has no
selective advantage.
The idea that Nature promotes the spreading of genes
may be true for crops like maize which are wind pollinated,
but soybeans are “self-pollinated” so the percentage of
“outcrossing” or cross pollination is very low. Soybean
breeders leave 9 feet of space between plots of different
varieties; that is all the space you need. Soybeans can cross
only if there are bees carrying the pollen; there is no wind
pollination. Moreover bees work up and down rows; they
don’t jump around.
So when non-GE soybeans get contaminated with GE
soybeans, the latter whole soybeans probably slipped in, or
the original seeds were somehow contaminated.
The wild perennial soybean variety G. gracilis may have
resulted in East Asia from a cross between Glycine max and
Glycine soja–both annuals.
In Australia, it would be very difficult for the various
species of wild perennial soybeans to cross accidentally with
the cultivated soybean (G. max), which is an annual.
However this is not the case in northeastern China.
Address: Prof. of Plant Genetics, Dep. of Crop Sciences,
Univ. of Illinois, Urbana, Illinois.
2835. Hymowitz, Ted. 2003. Position on genetically
engineered soybeans–a position which has evolved over
many years as a plant geneticist (Interview). SoyaScan Notes.
Oct. 1. Conducted by William Shurtleff of Soyfoods Center.
• Summary: Why do intelligent soybean farmers in northern
U.S. states grow genetically engineered (GE) soybeans?
Answer: (1) The information is extremely confusing. There
are so many variables and choices for farmers. (2) For
GE soybeans, the yields are now generally higher and the
total production costs are generally lower than for nonGE soybeans. Breeding is a numbers game and the big

seed companies can afford to have huge numbers of plots.
(2) They want to simplify the number of variables and
unknowns, such as price of fuel. (3) Fewer and fewer nonGE varieties are available from seed companies to farmers.
Today Monsanto and Pioneer Hi-Bred still offer a few nonGE lines. And a few seed companies cater to organic farmers
and non-GE farmers who sell their soybeans, for example, to
tofu companies in Japan. But for most farmers, it takes too
much effort to try to evaluate many varieties.
The future of GE soybeans is partly a political issue.
It started in the Clinton administration when Monsanto
put tremendous on the government to push GE soybeans.
The U.S. government should be in the business of helping
to market U.S. crops, but it should try to provide foreign
markets with whatever they want, rather than trying to
push certain commodities or crops on them. For example,
Russians like the dark meat from chickens and turkeys,
whereas Americans like the white meat. So the U.S. sells
Russia large amounts of dark meat–which is almost a waste
product in the USA. “It is a match made in heaven.” Shapiro
lost his job at Monsanto; he severely hurt the company with
his pushy attitude.
Ted believes that if GE crops had been allowed to
evolve naturally, they would have won out in the long run.
For example, GE cotton is working extremely well in China.
People don’t eat cotton and the herbicide saves Chinese
farmers the back-breaking labor of hoeing. Moreover,
glyphosate is one of the least toxic herbicides to animals; it
breaks down quickly into carbon dioxide and water.
Monsanto’s patent on glyphosate has expired. But
they have many factories and much know-how in place to
keep producing it. So Dow and DuPont each negotiate with
Monsanto for the best price they can get for glyphosate,
which is now a commodity. China and Israel are now making
low-cost glyphosate, which costs about $0.35/gallon. The
free market is working nicely.
The position of non-believers on GE crops is that they
need to be tested more, and that we have to be careful not to
let the genie out of the bottle, for it can never be put back in.
Ted disagrees; he sees no troubling health or environmental
risks. First, soybeans will not cross-pollinate with wild
species in the USA and most other major soybean producing
areas; the only countries where there is concern are China
and Australia (not much concern). Even if GE corn crosses
with its wild ancestors, there is no guarantee that the hybrid
will have a selective advantage. If it has none, the trait will
fade away in time. As soybean yields rise, the extra land
could be set aside for useful or natural purposes. There
will be changes in weed populations, but that has happened
throughout history as new agricultural technologies (such
as the moldboard plow and the herbicide 2,4-D) have been
introduced. Moreover, Roundup is not 100% effective on all
weeds; so the other weeds will gain an advantage and require
herbicide blends–which are already available. There are so
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many checks and balances, that if a problem arises, it will
probably be caught at an early stage and eliminated. Address:
Prof. of Plant Genetics, Dep. of Crop Sciences, Univ. of
Illinois, Urbana, Illinois.
2836. Tyagi, R.K.; Hymowitz, Theodore. 2003. Pollen from
Glycine species survive cryogenic exposure. CryoLetters
24:119-24. [24 ref]
• Summary: Pollen of 12 genotypes (varieties) of the annual
commercial soybean (Glycine max) and its wild perennial
ancestors were stored without pre-desiccation (previous
drying) at low temperatures (-20ºC and -196ºC) and tested
for their viability in vitro. Pollen of the annual soybean
stored at -20ºC retained their viability for 4 months, however
pollen of its wild perennial relatives stored under the same
conditions failed to germinate in vitro.
Wild perennial species are a rich source of useful genes
for resistance to major pests and tolerance to abiotic stresses
[such as tolerance for drought, high temperatures, and saline
soil]. Address: Dep. of Crop Sciences, Univ. of Illinois, 1102
S. Goodwin Ave., Urbana, Illinois 61801. Tyagi’s present
address: National Bureau of Plant Genetics, New Delhi 110
102, India.
2837. Rohweder, Dwayne; Peterson, David; Lauer, Joe.
eds. 2003. University of Wisconsin Agronomy Department:
The first hundred years. Madison, Wisconsin: University of
Wisconsin. x + 428 p. Index. Illust. 25 cm.
• Summary: Concerning soybeans–Page 12: “G.M. Briggs
(1919-1954) worked in extension, weed control (mostly
quackgrass and Canada thistle) crop production, and
soybeans. He was known as ‘Soybean Briggs’ because he
always carried soybeans in his pocket.” Note: He used them
like a calling card, giving a few to everyone he me whom he
thought might use them. By 1920 Briggs was the soybean
“sparkplug” in Wisconsin.
Page 18: Professor E.J. Delwiche saw that soybeans
were grown for forage. The varieties were Manchu and
Itosan [Ito San]. “The beans were harvested and placed in
cocks to dry. He remembers that ‘Soybean Briggs’ frequently
stopped in at the [agricultural experiment] station.”
In the chapter on “Extension” is a section titled
“Soybeans” (p. 75). Soybeans were grown in demonstration
plots. As with small grains, the Agronomy Department
supplied variety plot materials through the Foundation Seed
Stocks program. George Briggs, Don Peterson, Elwood
A. Brickbauer and Ed Oplinger conducted replicated yield
trials in Burnett, Monroe, Trempleau, and Racine Counties
to provide data on soil type, climatic conditions, etc. and
ultimately to find which varieties were best adapted where.
Page 78: “Memories of an ‘oldtimer’” by George M.
Briggs reproduces parts of his article in the Aug. 1970 issue
of Soybean Digest (p. 50-53). He was introduced to soybeans
in Sept. 1912 when he and a fellow agricultural student tried

to thresh out some at the University of Minnesota Farm.
Pages 165-80: An entire chapter is devoted to
“Soybean.” Its contents: Introduction (“UW researchers
began breeding new varieties and testing production methods
as early as 1912”). Soybean breeding activities: 19121974 (“Soybean breeding work at UW started with A.R.
Albert’s appointment in 1912... UW developed and released
Chippewa, Dunn and Rampage cultivars. The Chippewa
and Chippewa 64 cultivars were major improvements over
other early maturing cultivars and were soon the most
widely planted cultivars in Wisconsin and Minnesota”).
Soybean breeding and research activities: 1975-1996:
Cultivar development, USDA Uniform nursery, breeding
for cold tolerance, uneven stands, double cropping, brown
stem rot disease breeding research, Sclerotinia disease
breeding research, row spacing research. Production
research and extension activities: 1950s to 1970. Production
research and extension activities: 1970 to 2001: soybean
variety evaluation and testing methods, research equipment
development, soybean cultural practices: 1970-2002,
inoculation and fungicide screening, soybean extension
activities.
Page 298: “Soybean order: A Soybean Order was
formed in 1920 to encourage the production of soybeans and
standardization of the crop both as to varieties and better
distribution methods. Growers reported that more than 40
varieties were being offered for sale in the state. The order
was planning to reduce this number and provide purebred
seed of tested varieties.
“Officers of the new order were P.W. Jones, Black River
Falls, president; V.P. Atwell, Stevens Point; vice president;
and George M. Briggs, secretary. The order was charged with
determining the best varieties and cultural methods, and to
disseminate information regarding the production practices,
value and uses of the soybean in Wisconsin.” Great idea!
Was Wisconsin the first state to conceive and implement such
a plan?
Pages 318-19: On 2 Dec. 1919 a group of 52 crop
improvement association officials, agronomists and
farmers representing 13 states and Canada met at the Union
Stockyards in Chicago and, after discussion, formed “the
International Crop Improvement Association. A constitution
and bylaws were developed, with special emphasis on “the
improvement of field crops in general and seed improvement
in particular.
“The following were the objectives:
“A. Encouraging the breeding and improvement of field
crops and seeds;
“B. Husbanding, propagating and disseminating Elite,
Registered, Certified and Improved Seeds;
“C. Creating a more active interest in better seeds,
through circulars, reports and other publicity as well as
encouraging local, state, national and international shows;
“D. Assisting in the standardization of seed
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improvement and certification work being done by member
organizations?” R.A. Moore, head of the Department of
Agronomy at the Univ. of Wisconsin, who had organized
the foundational meeting, “was nominated and unanimously
elected as president for the ensuing year.” On 5 Oct. 1968
the International Crop Improvement Association was
renamed Association of Official Seed Certification Agencies
(AOSCA). Address: Univ. of Wisconsin.
2838. Huffman, Wallace E. 2004. Production, identity
preservation, and labeling in a marketplace with genetically
modified and non-genetically modified foods. Plant
Physiology 134(1):3-10. Jan. [28 ref]
• Summary: Soy is mentioned 10 times in this paper.
“Hybrid corn, however, was not a commercial success
in the United States until after the first commercial double
cross was developed in 1920. More than an additional
decade was required before superior double-cross varieties
were generally available to farmers in the Midwest
(Griliches, 1960; Huffman and Evenson, 1993). Starting in
the 1930s, hybrid corn varieties jointly developed by the
public and private sectors rapidly replaced open-pollinated
corn varieties. Farmers in the center of the U.S. Corn Belt
were the first to have superior hybrids made available to
them because that region promised the greatest profits
to the seed companies. The new hybrids were rapidly
adopted by farmers, despite the additional cost, because
they were profitable (Griliches, 1960).” Address: C.F.
Curtis Distinguished Prof. of Agriculture and Professor of
Economics, Iowa State University, Ames, Iowa 50011.
2839. NSRL Bulletin (National Soybean Research
Laboratory, Urbana, Illinois). 2004. Research explains
nitrogen credit from soybeans. 11(1):5. Feb.
• Summary: “Scientists have long known that the nitrogen
fertilizer requirement for corn following soybean is less than
that for corn following corn, but a University of Illinois study
explains the exact process at work in the soil and reaffirms
the significance of the soybean nitrogen credit for farmers.
“’A general guide for producers in Illinois is to adjust
the nitrogen fertilizer rate downward by 40 pounds per acre
when growing corn following soybean compared with a
field in continuous corn,’ says Mark David, professor of
biogeochemistry in the Department of Natural Resources
and Environmental Sciences. ‘And the reason for this
recommendation may be different than what many people
think.’
“The term ‘soybean nitrogen credit’ makes it sound
like the soybean crop contributes nitrogen directly to the
subsequent corn crop. However, the soybean crop actually
removes more nitrogen from the soil than it leaves behind.
“’We’ve shown that the source of the soybean nitrogen
credit is largely due to greater soil nitrogen mineralization, or
the breakdown of organic nitrogen to inorganic nitrogen by

soil microorganisms,’ David says.
“Research Specialist Lowell Gentry actually
designed the study, which compared yield, plant nitrogen
accumulation, and soil nitrogen mineralization rates in
field plots of fertilized and unfertilized corn that had either
nodulated soybeans, which are capable of acquiring some of
its nitrogen from the air, or non-nodulated soybeans, which
are totally dependent on soil nitrogen.
“’Soil nitrogen mineralization was determined by using
a buried bag technique where intact soil cores were placed
in polyethylene bags and buried in the field. Bags were
incubated in the field for approximately one month, after
which soil analysis was conducted to determine the net
change in nitrate and ammonium in each bag,’ Gentry says.
“’We used nodulated and non-nodulated soybeans
to separate out the effect the nodules had on nitrogen
mineralization, and that was the unique and elegant approach
of this study,’ says Fred Below, professor of plant physiology
in the Department of Crop Sciences. ‘This is important
because we are trying to better understand how nitrogen is
used by plants and where nitrogen goes if the plant doesn’t
use it. All this can have a big effect on water quality and the
farmer’s bottom line.’
“The buried bag analysis showed that the previous crop
influenced the amount of soil nitrogen mineralization such
that 95, 77, and 58 pounds of nitrogen were made available
to each acre of corn that followed respectively nodulated
soybeans, non-nodulated soybeans, or corn.
“Thus, net mineralization of soil nitrogen appeared to be
influenced by both quality and quantity of the crop residue.
In addition, there was more inorganic nitrogen near the rows
of nodulated soybeans compared with plots of either nonnodulated soybeans or corn.
“’Our results showed that nitrogen accumulation and
yield of corn were controlled by the difference in soil
nitrogen mineralization from the previous crop and that
plant nitrogen accumulation on unfertilized plots is a good
predictor of soil mineralization,’ Below says.
“The researchers conclude that the soybean nitrogen
credit results from a combination of a decrease in net soil
nitrogen mineralization in continuous corn production and
an increase in residual soil nitrogen from the breakdown of
soybean nodules.
“’The study verifies the basis for the soybean nitrogen
credit, and for those farmers who still don’t credit soybeans,
it should provide more proof that they could profit by doing
so,’ David says.’”
2840. Gahoonia, Tara Singh; Nielsen, N.E. 2004. Root traits
as tools for creating phosphorus efficient crop varieties.
Plant and Soil 260(1-2):47-57. March. [104 ref]
• Summary: “Abstract: This paper provides a brief
assessment of the genetic variation in root properties (root
morphology, including root hairs), mycorrhizal symbiosis,
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uptake kinetics parameters and root-induced changes (pH,
organic acids and acid phosphatase) in the rhizosphere of
various crop species and their genotypes and then briefly
discusses the opportunities and challenges of using such
knowledge for enhancing P efficiency of future crop
genotypes by genetic means. Wide genotypic variation and
heritability of root morphology, root hair length and density
and thereby P acquisition provide opportunities for selection
and breeding for root characteristics for increasing P
acquisition.” Address: The Royal Veterinary and Agricultural
Univ., Dep. of Agricultural Sciences, Plant Nutrition and Soil
Fertility Lab., Thorvaldsensvej 40, DK-1871 Frederiksberg,
Copenhagen, Denmark.
2841. Carlson, John B.; Lersten, Nels R. 2004. Reproductive
morphology. In: H. Roger Boerma and James E. Specht, eds.
2004. Soybeans: Improvement, Production, and Uses. 3rd ed.
Madison, Wisconsin: American Society of Agronomy. xxv +
1144 p. See p. 59-95. Chap. 3. [53 ref]
• Summary: Contents: Introduction. 1. Flower development.
2. Stamen development, microsporogenesis, and pollen
maturation. 3. Ovule development. 4. Pollination and
double fertilization. 5. Embryo development. 6. Endosperm
development. 7. Seed coat development. 8. Mature seed.
9. Pod development. 10. Chronology. Address: 1. Univ. of
Minnesota, Duluth, MN; 2. Iowa State Univ., Ames, IA.
2842. Lersten, Nels R.; Carlson, John B. 2004. Vegetative
morphology. In: H. Roger Boerma and James E. Specht, eds.
2004. Soybeans: Improvement, Production, and Uses. 3rd ed.
Madison, Wisconsin: American Society of Agronomy. xxv +
1144 p. See p. 15-57. Chap. 2. [81 ref]
• Summary: Contents: 1. Leaf: Gross morphology, petiole
and petiolules, epidermis, mesophyll, vascular architecture.
2. Stem: Mature primary structure, secondary growth. 3.
Root system: Primary structure, secondary growth of root. 4.
Germination and seedling growth: Establishment. 5. Primary
meristems and organ differentiation: Stem apical meristem
and primary stem, apical meristems and leaf development,
root subapical meristem and primary roots, branch roots. 6.
Bacterial root nodules. 7. Mycorrhizal relations.
Note: This chapter was reprinted from Chapter 3 of the
1987 2nd ed. of this book. Address: 1. Iowa State Univ.,
Ames, IA; 2. Univ. of Minnesota, Duluth, MN.
2843. Purcell, Larry C.; Specht, James E. 2004.
Physiological traits for ameliorating drought stress. In: H.
Roger Boerma and James E. Specht, eds. 2004. Soybeans:
Improvement, Production, and Uses. 3rd ed. Madison,
Wisconsin: American Society of Agronomy. xxv + 1144 p.
See p. 569-620. Chap. 12. [195 ref]
• Summary: Contents: 1. Some points to consider. 2. Crop
yield potential–a reference point. 3. Drought–its impact
on seed yield. 4. Assessing the trait utility in water-limited

environments. 5. Traits influencing the amount of water
available for transpirations. 6. Traits influencing wateruse efficiency. 7. Traits influencing harvest index. 8.
Drought stress and plant nitrogen nutrition. 9. Conclusions.
Acknowledgments. Address: 1. Prof., Dep. of Crop, Soil,
and Environmental Sciences, Univ. of Arkansas, 1366 West
Altheimer Dr., Fayetteville, AR 72704.
2844. Sinclair, Thomas R. 2004. Improved carbon and
nitrogen assimilation for increased yield. In: H. Roger
Boerma and James E. Specht, eds. 2004. Soybeans:
Improvement, Production, and Uses. 3rd ed. Madison,
Wisconsin: American Society of Agronomy. xxv + 1144 p.
See p. 537-568. Chap. 11. [151 ref]
• Summary: Contents: Introduction. 1. Carbon assimilation:
Leaf photosynthesis (photosynthesis rates and nitrogen,
response to photosynthate supply and demand, conclusions),
canopy carbon accumulation (influence of canopy structure,
canopy assimilation rates, radiation-use efficiency,
conclusions). 2. Nitrogen accumulation: Symbiotic
dinitrogen fixation (photosynthate supply and nodule
activity {“The reduction of atmospheric N2 to ammonia is
energetically an expensive process,...”}, nitrogen feedback
and nodule activity, water and nodule activity, conclusions),
nitrate and dinitrogen fixation (nitrate uptake, inhibition
of nitrogen fixation by nitrate, genetic variation in nitrate
response, conclusions). 3. Yield increase: Increasing
photosynthesis, increasing nitrogen accumulation, limits
to yield increase (maximum yield limits, realistic yield
limits). 4. Summary (“Carbon and nitrogen are clearly the
fundamental building blocks required to form soybean yield.
Each of these resources have to be accumulated in the plant
over the growing season and finally partitioned to the seed to
form yield”).
Nitrogen exists in leaves primarily as ribulose
biphosphate carboxylase/oxygenase and there is generally a
strong relationship between nitrogen (N) per unit leaf area
and photosynthesis. Address: Plant Physiologist, USDAARS, Agronomy Physiology Lab., Univ. of Florida, P.O. Box
110965, Gainesville, FL 32611-0965.
2845. Stacey, Gary; Vodkin, L.; Parrott, W.A.; Shoemaker,
R.C. 2004. National Science Foundation-sponsored
workshop report. Draft plan for soybean genomics. Plant
Physiology 135(1):59-70. May. [80 ref]
• Summary: “Recent efforts to coordinate and define a
research strategy for soybean (Glycine max) genomics began
with the establishment of a Soybean Genetics Executive
Committee, which will serve as a communication focal
point between the soybean research community and granting
agencies. Secondly, a workshop was held to define a strategy
to incorporate existing tools into a framework for advancing
soybean genomics research. This workshop identified and
ranked research priorities essential to making more informed
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decisions as to how to proceed with large scale sequencing
and other genomics efforts. Most critical among these was
the need to finalize a physical map and to obtain a better
understanding of genome microstructure. Addressing these
research needs will require pilot work on new technologies
to demonstrate an ability to discriminate between recently
duplicated regions in the soybean genome and pilot projects
to analyze an adequate amount of random genome sequence
to identify and catalog common repeats. The development of
additional markers, reverse genetics tools, and bioinformatics
is also necessary. Successful implementation of these
goals will require close coordination among various
working groups.” Address: 1. National Center for Soybean
Biotechnology, Dep. of Plant Microbiology and Pathology,
Univ. of Missouri, Columbia, Missouri 65203.
2846. Hsieh, Kai; Huang, A.H.C. 2004. Endoplasmic
reticulum, oleosins, and oils in seeds and tapetum cells. Plant
Physiology 136(3):3427-34. Nov. [34 ref]
• Summary: Of the various neutral lipids in subcellular
particles, the oil bodies (OB) in seeds are the most prominent
and best studied. “Seeds of most plant species store oils
(triacylglycerols [TAGs]) as a food reserve for germination
and postgerminative growth. TAGs are present in small
subcellular spherical OBs of approximately 1 micrometer in
diameter. Each OB has a matrix of TAGs surrounded by a
layer of phospholipids (PLs) and structural proteins termed
oleosins.” Address: Center for Plant Cell Biology, Dep. of
Botany and Plant Sciences, Univ. of California, Riverside,
California 92521.
2847. IITA. 2004. Annual report 2003. Ibadan, Nigeria:
International Institute of Tropical Agriculture (IITA).
• Summary: Page 3: Power Foods in Tanzania has milling
machines that make soy flour.
Page 11. Soybean growth in the presence of root-knot
nematodes (Meloidogyne spp.) was substantially improved
by the application of microbial antagonists or root symbionts
(mycorrhizae).
Page 13: “A transect walk characterization method
allowed the estimation of the area planted to IITA cowpea,
maize, and soybean in a survey area of more than 40,000
square km for a survey cost of US$5,000.
“In the northern Guinea savanna, the economic
performance of three improved maize-based cropping
systems was evaluated.” One of these is a soybean, maize +
fertilizer rotation.
Page 23: “A systematic transect survey revealed high
rates of adoption of IITA’s improved maize, cowpea, and
soybean varieties in northern Nigeria. National capacity to
generate and transfer technologies, including postharvest
technologies, was enhanced through degree and non-degree
related training.”
Page 27: “Funding overview: Funding for 2003 was

US$37.306 million, of which 96.6% came from CGIAR
investors and 3.4% from other sources. Expenditure was
US$37.147 million of which 88% was used for program
expenses and 12% for management and general expenses.”
Figure 1, a pie chart, shows the top 10 donors to IITA
in 2003. In descending order of amount donated they are:
(1) United States Agency for International Development
(USAID, about 42%), World Bank (about 10%), Denmark,
Commission of the European Communities, Canada,
International Fund for Agricultural Development (IFAD),
UK, Belgium, Nigeria, the Netherlands. A similar pie chart
shows the top 10 donors in 2002. Address: PMB 5320, Oyo
Road, Ibadan, Nigeria.
2848. Gupta, A.; Aneja, K.R. 2004. Seed deterioration in
soybean varieties during storage–physiological attributes.
Seed Research (India) 32:26-32. *
2849. Mebrahtu, T.; Devine, T.E.; Donald, P.; Abney, T.S.
2005. Registration of `Asmara’ vegetable soybean. Crop
Science 45(1):408-09. Jan. [16 ref]
• Summary: Since the 1990s, the Virginia State University
soybean program has been dedicated to the development of
edamame cultivars adapted to the United States, in particular
Virginia and similar environments.
“`Asmara’ soybean [Glycine max (L.) Merr.] (Reg. no.
CV-470, PI 633049), a maturity group (MG) VI cultivar,
was developed jointly by the Virginia State University,
Agricultural Research Station and the USDA-ARS and was
released on 13 March 2003 as a vegetable soybean with
resistance to seed shattering. This cultivar is named for the
capital city of Eritrea, a newly independent country in east
Africa. Asmara can be harvested at either the green pod or
mature seed stages. Developing seeds harvested at the green
pod stage are for direct human consumption while seeds
harvested at maturity are useful for soyfood products such
as tofu, soymilk, or roasted nuts...” Address: 1. Agricultural
Research Station, Virginia State Univ., P.O. Box 9061,
Petersburg, VA 23806.
2850. Bernard, Richard L. 2005. Garden-type vegetable
soybean varieties. Urbana, Illinois: Illinois Agric. Exp.
Station. 4 p. Unpublished typescript. Feb. 28 cm.
• Summary: Contents: Introduction. Table giving details
on 13 Gardensoy varieties. Parent lines: Large-seeded,
Midwest grain-type varieties, isolines and breeding lines.
Table showing performance of 13 Gardensoy varieties, plus
2 grain-type varieties, and 3 large-seeded varieties. Shows
for each: Variety name. Weight per seed. Maturity group and
average harvest date. Yield of ripe seeds (bushels/acre). Plant
height (inches). Lodging (scale of 1 to 9). Shattering (scale
of 1 to 9). Mottling (scale of 1 to 9). Protein (% dry weight;
Gardensoy range: 38-43%). Oil (% dry weight; Gardensoy
range: 19-21%).
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“The Illinois Agricultural Experiment Station has
released thirteen large-seeded soybean varieties for vegetable
use designated with the prefix Gardensoy. Gardensoy 11, 21,
22, 31, 41, and 42 were released in May 2000 and Gardensoy
01, 02, 12, 23, 24, 32, and 43 were released in May 2002.
They are intended for small-scale production in the home
garden for human food use. They may be harvested after
ripening and used as a nutritious substitute for dry beans,
or preferably, harvested at the green-bean stage (R6), when
digestibility and good taste are at their maximum. These
varieties range from early maturing (maturity group 0) to
about 4 weeks later (maturity group IV). An individual
variety is at optimum green-bean harvest for only a few days,
but by planting several varieties with differing maturity the
grower may extend the harvest period.
“Cross-pollination, selection, and testing of these lines
were done at the Crop Sciences Research and Education
Center, Urbana, in a breeding program initiated in 1989.
They are moderately susceptible to most common soybean
diseases except that some show very little or no seed coat
mottling in the field at Urbana (see table on next page),
which may indicate resistance to soybean mosaic virus, bean
pod mottle virus, or both. The parentage and descriptive
traits for each variety is given below: The first digit of the
variety name number is its maturity group.”
“Small seed packets of the Gardensoy varieties
(approximately 30 seeds each) will be made available at no
charge for garden and experimental use during the initial trial
period.” Address: Dr., Illinois Agric. Exp. Station, Univ. of
Illinois, Urbana, IL 61801.
2851. Bernard, Richard L. 2005. New garden-type soybean
varieties. Urbana, Illinois. 2 p. Unpublished typescript. Feb.
28 cm.
• Summary: “Because of their high nutritional value and
health benefits there has been considerable recent interest
in soyfoods. Most of this attention has focused on soybean
products such as tofu, soy milk, soy-protein fortified flour,
or meat analogs constructed from extracted soy protein, and
it is not generally recognized that soybeans are an excellent
vegetable and may be eaten directly much as other beans or
peas. The mature dried soybean may be used just as other
beans except that to avoid rancidity they should not be
pre-soaked but put directly into boiling water for about 40
minutes at which point they are ready to eat. Probably the
best way to use vegetable soybeans is to pick the immature
pods (after the seeds have reached full size but before any
yellowing begins) and boil them for only 4 to 5 minutes
(in lightly salted water if your taste prefers) after which the
seeds may be easily squeezed out (the shells are inedible)
and eaten as a ‘finger food’ or added to soups, salads, fried
rice, or other dishes of your choice. They taste good cold
or hot, and the attractive bright green color enhances the
appearance of the food. After cooking they may be frozen

in or out of the pod for later or out-of-season use. The
advantage of eating the immature seeds over the ripe seeds
besides the better taste and appearance and much shorter
cooking time is that they are more digestible since the
complex carbohydrates (oligosaccharides) of the mature
seeds have not yet formed.
“While all soybeans are edible, certain soybean varieties
with larger seeds and milder taste have been developed
for human food usages especially in Japan and Korea.
These Asian food varieties have desirable seed traits but
are not well adapted to our climate, insects, and diseases.
US soybean breeders have crossed some of these largeseeded Asian varieties with adapted US grain varieties
and developed some better adapted vegetable types. At the
University of Illinois we have made selections from hybrid
populations involving these large-seeded soybeans and now
have a number of promising vegetable-type lines adapted to
Illinois. Thirteen varieties have been released, named with
the prefix Gardensoy, ranging from early maturing (maturity
group 0) to late (group IV). They have seeds from about 50%
larger to twice as large as the common grain types grown in
Illinois but yield only about 80 to 60% as well and therefore
are not competitive for production for processing.
Any one variety will have an optimum harvest period for
green pods of just a few days since all the pods on a soybean
plant tend to develop together. The advantage of growing
several varieties with different maturity dates is a longer time
of harvest. This may also be accomplished by having several
planting dates (estimate 3 days delay in planting for one day
delay in harvest but this will vary widely). Like all soybeans
these varieties are self-pollinating and true-breeding, and
therefore you may let a few plants ripen without picking and
use these seeds for next year’s planting.
“Because of their bigger seed size and better taste the
Gardensoy varieties are being offered to home gardeners
for small scale production and hand harvest. As harvest
machinery and techniques are developed larger scale
commercial production may become practical. We will
provide 30 to 50-seed packets of these varieties (free of
charge) to anyone wishing to try them.
“The table below provides some data based on tests
at Urbana in 2000 to 2004 on average yield of ripe seeds,
mature seed size (centigrams per seed), date of maturity (plus
maturity group), stem type, plant height, and mature seed
composition (protein and oil).
“We will be interested in any taste preference,
observations, or comments that you wish to send to us after
trying them. Please send comments and requests for seeds to
the address below.
“Richard L. Barnett, Dep. of Crop Sciences, Univ. of
Illinois, 1101 Peabody Dr., Urbana, IL 61801.” Tel. 217333-7279. Address: Dr., Illinois Agric. Exp. Station, Univ. of
Illinois, Urbana, IL 61801.
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2852. Weir, A.D.; Omielan, J.; Rajcan, I. 2005. Use of NMR
for predicting protein concentration in soybean seeds based
on oil measurements. J. of the American Oil Chemists’
Society 82(2):87-91. Feb. [21 ref]
• Summary: NMR is nuclear magnetic resonance. “NMR
spectrometry is a rapid, nondestructive method that can
be used to accurately determine the oil and moisture
concentrations of whole seeds.” Address: Dep. of Plant
Agriculture, Univ. of Guelph, Guelph, ON, N1G 2W1
Canada.
2853. Sinclair, T.R.; Neumaier, N.; Farias, J.R.B.;
Nepomuceno, A.L. 2005. Comparison of vegetative
development in soybean cultivars for low-latitude
environments. Field Crops Research (Amsterdam) 92(1):5359. April 14. [10 ref]
• Summary: “Soybean production has been expanded
into northern Brazil by the introduction of long-juvenile
genes. These genes cause flowering to be delayed but
specific changes in the sensitivity of plant development to
temperature and photoperiod have not been resolved in these
commercial cultivars.”
“An extended duration to flowering was confirmed
for the three long-juvenile cultivars but this delay was not
associated with any difference in sensitivity to temperature
and photoperiod. The trait that distinguished the longjuvenile cultivars was a much lower maximum development
rate towards flowering than that found in the other cultivars.
However, cultivar differences were identified among the
long-juvenile cultivars indicating the possibility of further
selection of genotypes to fit specific environments in lowlatitude [<25º] regions.” Address: 1. USDA-ARS, Agronomy
Physiology Lab., Univ. of Florida, P.O. Box 110965,
Gainesville, FL 32611-0965; 2-4. Embrapa Soja, Caixa
Postal 231, CEP, 86001-970 Londrina-PR, Brazil.
2854. Bhattacharyya, M.K.; Narayanan, N.N.; Gao, H.;
Santra, D.K.; Salimath, S.S.; Kasuga, T.; Liu, Y.; Espinosa,
B.; Ellison, L.; Marek, L.; Shoemaker, R.; Gijzen, M.;
Buzzell, R.I. 2005. Identification of a large cluster of coiled
coil-nucleotide binding site–leucine rich repeat-type genes
from the Rps1 region containing Phytophthora resistance
genes in soybean. Theoretical and Applied Genetics (TAG)
111(1):75-86. June. [50 ref]
• Summary: “Introduction: Plants evolved with unique
defense mechanisms to defeat invading pathogenic
organisms. Active defense compounds are rapidly
synthesized following infection to confer disease resistance.
Accumulation of these molecules is regulated by single racespecific disease resistance (R) genes that encode receptors to
recognize specific ligand molecules of invading pathogens
(Dangl and Jones 2001).” Address: 1. Dep. of Agronomy,
Iowa State Univ., Ames, IA 50011; Buzzell: Agriculture &
Agri-Food Canada, Harrow, ON N6G 2V4, Canada.

2855. Brucker, Eric; Carlson, S.; Wright, E.; Niblack, T.;
Diers, B. 2005. Rhg1 alleles from soybean PI 437654 and
PI 88788 respond differentially to isolates of Heterodera
glycines in the greenhouse. Theoretical and Applied Genetics
(TAG) 111(1):44-49. June. [28 ref]
• Summary: “The production of resistant soybean...
cultivars is the most effective means for controlling losses
from soybean cyst nematode (SCN) (Heterodera glycines
Ichinohe). The major resistance gene in most SCN resistance
sources is rhg1, which has been mapped as a quantitative
trait locus onto linkage group G.” Address: Dep. of Crop
Sciences, Univ. of Illinois, Urbana, IL 61801.
2856. Reinprecht, Yarmilla; Rajcan, I.; Poysa, W.W.; Ablett,
G.R.; Pauls, K.P. 2005. Relationships and inheritance of
linolenic acid and seed lipoxygenases in soybean crosses
designed to combine these traits. Canadian J. of Plant
Science 85(3):593-602. July. [67 ref. Eng; fre]
• Summary: “To improve oxidative stability of soybean
oil and reduce off-flavours, we previously developed low
linolenic acid, lipoxygenase-free (LLA. 3lx) soybean
germplasm.” Address: 1-2. Dep. of Plant Agriculture, Univ.
of Guelph, Guelph, ON Canada N1G 2W1.
2857. Han, T.; Wu, C.; Mentreddy, R.S.; Zhao, J.; Xu,
X.; Gai, J. 2005. Post-flowering photoperiod effects
on reproductive development and agronomic traits
of long-day and short-day crops. J. of Agronomy and
Crop Science 191(4):255-262. Aug. doi:10.1111/j.1439037X.2005.00148.x [43 ref]
• Summary: “Introduction: It is well known that photoperiod
affects growth and development of many field crops. Since
the study of Garner and Allard (1920), many reports have
been published on photoperiod effects on the initiation of
floral buds, flowering time and other traits (Thomas and
Vince-Prue 1997). Many species and genotypes of crops
are classified as short-day plants (SDP), or long-day plants
(LDP) or day-neutral plants on the basis of their photoperiod
requirements (Garner and Allard 1920, 1923, Steinberg and
Garner 1936, Thomas and Vince-Prue 1997).
“Soya bean, an SDP, is highly sensitive to photoperiod
and soya bean varieties have been classified into different
maturity groups based on their photoperiod requirements
(Hartwig 1973).” Address: 1-2. Key Lab. of Crop Genetics
and Breeding, Inst. of Crop Sciences, The Chinese Academy
of Agricultural Sciences, 12 Zhongguancun South Street,
Beijing 100081, China.
2858. Primomo, Valerio S.; Poysa, V.; Ablett, G.R.;
Jackson, C.-J.; Rajcan, I. 2005. Agronomic performance
of recombinant inbred line populations segregating
for isoflavone content in soybean seeds. Crop Science
45(6):2203-11. Nov. [33 ref]
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• Summary: “Soybean... seeds contain isoflavones, which
have been associated with positive health effects in human
adults but a negative effect on infants. Increasing or
decreasing isoflavone content in the seed would be desirable;
however, it is not known what impact this would have on
agronomic and other seed quality traits.”
Note: “A recombinant inbred strain (or recombinant
inbred line) is an organism with chromosomes that
incorporate an essentially permanent set of recombination
events between chromosomes inherited from two or more
inbred strains” (Source: Wikipedia, Oct. 2019). Address:
Dep. of Plant Agriculture, Crop Science Div., Univ. of
Guelph, Guelph, ON, Canada N1G 2W1.
2859. SoyaScan Notes. 2005. Chronology of John Bartram
(1699-1777), early American botanist of Philadelphia,
Pennsylvania. Compiled by William Shurtleff of Soyfoods
Center.
• Summary: John Bartram (1699-1777) was America’s first
great botanist, naturalist, and plant explorer.
1699 May 23–John Bartram is born into a poor Quaker
family in Darby, about 5-6 mile southwest of the center of
Philadelphia. He looses his parents at an early age and is
raised by his grandparents on a farm in Darby. He receives a
good basic education until age 12 at Darby Meeting School.
Then he becomes a farmer.
1723 April 25. At age 23, he marries Mary Maris; they
have two sons, Richard and Isaac.
1727–His wife, Mary Morris, possibly from
complications at childbirth. Their first son, Richard, died
soon afterward. At about this time he begins his botanical
exploration and collection.
1728–He buys a small stone house and 102 acres of
land in the rural township of Kingessing on the banks of the
Schuylkill River (pronounced SKU-kul), about 3 miles from
Philadelphia. The house had been built in 1684 by Swedish
settler Peter Yocum.
1729 Dec.–John, now age 30, marries a second time
to Anne Mendenhall and begins a major expansion of his
house. In a 5-acre plot between his new house and the river,
he begins his famous botanical garden, frequently (though
incorrectly) cited as “the first in America.” However it
certainly was among the first, and quickly surpassed all
others in the Philadelphia area. It is also the oldest botanical
garden in the USA to have remained intact until the present.
1730-31–John begins the construction of his stone
house, incorporating the earlier building as a kitchen on
the first floor, and a bedroom on the second. Over the years
he added to the house. The outbuildings, all built by the
Bartrams out of stone, consist of a seedhouse (1737), a stable
and carriage shed (1743), and the barn built by John, Jr.
(1775).
1732–Bartram begins to correspond with Peter Collinson
(about 5 years older than John), a wealthy London cloth

merchant and fellow Quaker with a keen interest in botany.
The connection was mutually beneficial. Collinson wanted
seeds, bulbs, and cuttings of American plants and was
willing to pay for them. He benefited greatly from Bartram’s
excellent field work. Bartram, in turn, received advice,
encouragement, money, and (most important) a steady supply
of books about natural history. Although they never met, the
2 men carried on a lively correspondence for more than 36
years until Collinson’s death.
1742–Bartram is one of the co-founders of the American
Philosophical Society with Benjamin Franklin.
1739 April 20–William Bartram is born to John and
Ann, the fifth of nine children. John is almost 40 years
old. William later received an excellent formal education,
showed an early interest in drawing and natural sciences, and
accompanied his father on numerous collecting trips. John
called him “Billy, my little botanist.”
1765–He is appointed Royal Botanist by George III,
with help from Collinson; he held the post until his death.
The appointment is accompanied by an annual stipend of 50
pounds sterling; this enables Bartram and his son, William,
to make a long-hoped-for collecting expedition to “the
Floridas.” His specimens were sent to Collinson and to the
King of England.
1769 Jan. 16–”Sample of Chinese Vetches [soybeans],
six bottles of Soy [sauce] and six pounds of powdered sago
presented with a letter from S. Bowen of Georgia” to the
American Philosophical Society (APS).
1768 April 11–John Collinson dies in England. He had
been the most important man in furthering Bartram’s career
and botanical business. Dr. John Fothergill, also a Quaker,
became John’s main contact person in England and Europe.
1769 March 3–At a meeting of the APS, the soybeans
sent by Samuel Bowen are distributed to John Bartram and
his son, and 7 other farmers. They are asked to report back
on their results.
1770 Jan. 11–Benjamin Franklin, now in London, writes
a Letter to John Bartram in Philadelphia, describing the
enclosed Chinese Garavances / Caravances (soy beans) and
how they are used to make tofu.
1773–After several unsuccessful attempts at business
and farming, William sets forth on a four-year solitary
journey through 8 southern colonies. He makes scores of
drawings and takes meticulous notes on the flora, fauna, and
native American Indians.
1777 Sept. 22–John Bartram, age 78, dies in Darby near
Philadelphia. He had been married twice and fathered 11
children, two of whom had died in infancy. British soldiers
are occupying the city during the American Revolution.
1780 Dec. 26–Dr. John Fothergill dies in England.
1789–Ann Bartram dies. With the revolutionary war
over, William Bartram helps his brother, Johnny, to re-start
the nursery business.
1783–The first printed plant catalog in America is
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issued for Bartram’s Botanical Garden. Over the years, these
catalogs continued to grow.
1791–William Bartram’s journals are published as
Travels. The book went into several foreign editions and
today is regarded as a classic of American natural history.
Under the leadership of John Bartram’s son, John Jr., his
granddaughter, Ann, and her husband, Robert Carr, Bartram’s
Garden becomes a flourishing commercial nursery, which
supplied plants for many famous places and people. In their
botanic garden and greenhouses, the Bartrams eventually
propagated more than 4,000 species of native and exotic
plants.
1804–James Mease writes in The Domestic
Encyclopedia: “The Soy-bean bears the climate of
Pennsylvania very well. The bean ought therefore to be
cultivated.”
1807–The catalog for Bartram’s botanical garden is now
33 pages long, includes 1,500 plants, and includes a history
of the garden written by William.
1823 July 22–William Bartram, age 84, dies at the
family home.
1849–The book Memorials of John Bartram and
Humphrey Marshall, by William Darlington published
(facsimile edition 1967).
1850–Andrew Eastwick buys Bartram’s garden to
preserve it for posterity. John Bartram’s garden, which
stretches from the house down to the river, was maintained
until 1850; then it was abandoned until 1923, when active
restoration was begun. Replanting was strictly confined to
the plants grown by John and William Bartram.
1891–The garden becomes part of Philadelphia’s public
park system.
1893–The descendants of John Bartram form the John
Bartram Association to assist the City of Philadelphia with
preservation of the site.
1965–The Bartram House is designated a National
Historic Landmark.
1999–The John Bartram Association hosts a
Tercentennial Celebration to commemorate the 300th
anniversary of John Bartram’s birth. Today (2005) it is
operated as a museum and public garden, centered on
Bartram’s original house and garden.
2860. Bartram’s garden: Pre-revolutionary home of John
Bartram–naturalist, botanist, explorer (Website printout–
part). 2005. www.bartramsgarden.org/information/ 6 p.
Retrieved Dec. 23.
• Summary: Contents: General information. Biography of
John Bartram–America’s pioneering naturalist. Biography
of his son, William Bartram, artist and naturalist. The next
generation of Bartrams (in 1783 the Bartrams issued the first
printed plant catalog in America). Andrew Eastwick saves
the garden (he purchased it in 1850 for posterity, and in 1891
it became part of Philadelphia’s public park system). The

John Bartram Association, formed in 1893, carries on the
work of preserving, restoring, enhancing, and interpreting
the site and its National Historic Landmark, Bartram House.
Address: Philadelphia, Pennsylvania.
2861. Egli, D.B.; TeKrony, D.M.; Heitholt, J.J.; Rupe, J.
2005. Air temperature during seed filling and soybeans seed
germination and vigor. Crop Science 45:1329-35. *
2862. Egli, D.B.; TeKrony, D.M.; Spears, J.F. 2005. Effect
of high temperature stress during different stages of seed
development in soybean [Glycine max (L.) Merrill]. Seed
Technology 27(2):177-88. [26 ref]
• Summary: “Soybean... plants were grown in controlled
environments to evaluate the effect of high temperature
(38, 33ºC) stress on standard germination (SG) and
vigor [accelerated-aging germination (AA) and electrical
conductivity]. Initially, the effect of changing the standard
temperature cycle in the phytotron from 10 and 14 hours
at the maximum and minimum temperatures to a cycle that
mimicked the sinusoidal field temperature cycle (maximum
temperature did not change) was evaluated...” Address: 1-2.
427 Plant Science Bldg., Dep. of Plant and Soil Sciences,
Univ. of Kentucky, Lexington, KY 40546-0312.
2863. Terakado, Junko; Yoneyama, T.; Fujihara, S. 2006.
Shoot-applied polyamines suppress nodule formation in
soybean (Glycine max). J. of Plant Physiology 163(5):497505. March 3. [33 ref]
• Summary: “In legumes, the number of root nodules is
controlled by a mechanism called autoregulation. Recently,
we found that the foliar brassinosteroid (BR), a plant growthregulating hormone, systemically regulates the nodule
number in soybean plants. In the present study we report
that such down-regulation of root nodule formation by a BR
may occur through a change of the polyamine contents,...”
Address: 1, 3. Plant Nutrition Diagnosis Lab., National
Agricultural Research Center, Kannondai 3-1-1, Tsukuba,
Ibaraki 305-8666, Japan.
2864. Antunes, Pedro M.; Rajcan, I.; Goss, M.J. 2006.
Specific flavonoids as interconnecting signals in the
tripartite symbiosis formed by arbuscular mycorrhizal fungi,
Bradyrhizobium japonicum (Kirchner) Jordan and soybean
(Glycine max (L.) Merr.). Soil Biology and Biochemistry
38(3):533-43. March. [52 ref]
• Summary: “Many legume plants benefit from the tripartite
symbiosis of arbuscular mycorrhizal fungi (AMF) and
rhizobia. Beneficial effects for the plant have been assumed
to rely on increased P supply through the mycorrhizas...
Concentrations of flavonoids were significantly greater in
roots under disturbed soil, for which both symbioses were
not as developed as in plants from undisturbed soil. This
clearly supports the third hypothesis. This research provides
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the first data linking the function of different flavonoids to
the establishment of the tripartite symbiosis, and suggests
that these compounds are produced and released into the
rhizosphere as a function of the colonization process.”
Address: Dep. of Land Resource Science, Univ. of Guelph,
Richards Building, Guelph, Ont., Canada N1G 2W1.
2865. Wu, Cunxiang; Ma, Q.; Yam, K.M.; Cheung, M.Y.;
Xu, Y.; Han, T.; Lam, H.M.; Chong, K. 2006. In situ
expression of the GmNMH7 gene is photoperiod-dependent
in a unique soybean (Glycine max [L.] Merr.) flowering
reversion system. Planta (Berlin) 223(4):725-735. March.
[23 ref]
• Summary: “Soybean is a short-day plant and its flowering
process can be reversed when switching from short-day to
long-day conditions... To demonstrate the application of
this system, we studied the patterns of in situ expression
of the GmNMH7 gene during flowering development and
reversion...” Moreover, the expression pattern of this gene in
root nodules was also found to be regulated by photoperiod.
Address: 1-2. National Soybean Improvement Sub-center,
Inst. of Crop Sciences, The Chinese Academy of Agricultural
Sciences, 12 Zhongguancun South Street, Haidian District,
Beijing 100081 China.
2866. Woods, Micah. 2006. Charles Vancouver Piper: The
Agrostologist. A profile of the first chairman of the USGA
[U.S. Golf Association] Green Section. http://www.usga.org/
turf/green_section_record/2006/mar_apr/charles.html 1 p.
Printed 11 April 2017.
• Summary: “Charles Vancouver Piper is remembered
today as the first chairman of the USGA Green Section and
as the senior author of the seminal Turf for Golf Courses
(1917). His contemporaries, however, knew him as a worldrenowned botanist and agronomist, and in the scope of
Piper’s work, his turfgrass investigations were simply a small
part of a remarkable and productive career.
“Piper was born in Victoria, B.C., in 1867, and his
family soon moved to Seattle, where his father had a bakery
near the intersection of First Avenue and Cherry Street.
As a young man, Piper was an avid botanizer. He joined
the Young Naturalists Club and was collecting plants near
Seattle as early as 1883. Piper studied at the Territorial
University (now University of Washington) there, and in
1885 he graduated with nine other students.
“In 1888, Piper climbed Mt. Rainier in a party that
included John Muir, the Sierra Club founder. During the
descent, Piper nearly lost his life; all save Piper and Muir had
crossed an ice bridge over a crevasse, and then the expedition
photographer heard a ‘cry [that] made the very blood in our
veins turn cold. This time it was Piper. He stepped into the
middle of the bridge and it had given way with him; he had
thrown himself forward and caught.’
A photo shows John Muir (Courtesy of University of

Washington Libraries, Special Collections PH Coll. 273).
“’My alpenstock and the whole ice bridge fell into
the crevasse,’ remembered Piper in 1915. “I have often
wondered what would have happened if I had attempted to
go across the bridge in the ordinary way.’
“It was at this time that Piper began extensive botanical
investigations that he would carry on until his death in 1926.
Botany was his passion, and he collected and described many
new species. He exchanged plant specimens with herbaria
and other collectors; with Edward Lee Greene of Berkeley
and Charles Sprague Sargent at Harvard [University;
Massachusetts], Piper disputed the former’s classification of
the Oregon white oak, Quercus garryana. When President
Cleveland established forest reserves in the 1890s, Sargent
wrote to Piper, noting, ‘There is a very bitter feeling in the
west against these reservations and we are going to have
difficulty in holding them unless local public sentiment can
be aroused in their favor. I count on you to do everything
possible to help this good cause.’
“Pullman: All the while continuing to botanize and
making collecting expeditions throughout the Pacific
Northwest when time allowed, Piper moved to Pullman
in 1892 and took on broad responsibilities at the state
agricultural college there (now Washington State University).
Piper was hired as professor of botany and zoology at the
college, and he served as botanist and entomologist at
the experiment station, where he was also responsible for
plant pathology. He taught on subjects ranging from plant
physiology to comparative embryology, answered on average
two letters a day from interested farmers, and performed
spraying experiments for insect and fungal pests of fruit,
grain, and vegetable crops.
“We have no record of Piper playing golf or being
involved with turfgrasses during the 1890s. Golf was still
in its infancy in the United States. The USGA was formed
in late 1894, the same year that Tacoma Country and Golf
Club was founded near Seattle. Piper was working at that
time in all areas of horticulture and agronomy, gathering a
store of knowledge about plant pathology, entomology, and
agricultural practices. His time at Pullman would serve him
well in his later years of turfgrass work.
“For example, brown patch was a common problem on
golf course putting greens in the 1920s, and Piper showed
his broad understanding of plant pathology at the 1924
Annual Meeting of the Green Section in New York City.
He was asked about the belief that wheat rust was due to
a lack of potash in the soil, and if brown patch could be
caused by a similar phenomenon. Piper, with his typical
directness, responded, ‘Well, that statement is not true, to
begin with.’ He then began an extemporaneous discussion
of the misconception about potash and rust before bringing
the story back to turfgrass and brown patch, explaining
that healthy plants were usually more resistant to disease.
(2) John Muir (sitting) climbed the summit of Mt. Rainier
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in 1888. Although not shown in the photo, Piper also
climbed the mountain with this group. On the descent, Piper
almost lost his life after nearly falling into a crevasse. After
losing his alpenstock, he descended the mountain with the
assistance of a rope.
“Piper spent the 1899-1900 school year in the East,
studying at Harvard and conducting research at the Gray
Herbarium there. For five weeks in the summer of 1902,
Piper followed the path of the Lewis and Clark expedition,
taking pack horses along the Lolo Trail into the Bitterroot
Mountains of Idaho. Whether it was further explorations of
Mt. Rainier, pack horse trips through the Blue and Wallowa
Mountains, or botanical collections on Vancouver Island or
in Alaska, Piper spent his holidays in the wild. His work in
later years would take him around the world, from Batavia
to Bombay to Berlin, yet Piper was at heart a citizen of the
Pacific Northwest. R. Kent Beattie, a noted botanist in his
own right, wrote of Piper, ‘Those who knew him in his later
years only remember him chiefly for his brilliant leadership
in the agronomic field. But Professor Piper’s older friends
think of him as a naturalist, especially as a botanical explorer
and pioneer. Aptly was he named Vancouver. What George
Vancouver did for the geography of Puget Sound and the
Pacific Northwest and more, Piper did for the botany.’
“Department of Agriculture: In 1903, Piper was hired
by the United States Department of Agriculture (USDA) in
Washington, D.C., to take charge of the grass herbarium.
Over the succeeding years, Piper would serve first as
Agrostologist, and from 1907 as Agrostologist-in-Charge,
of the office of Forage Crop Investigations. His peers
described him as ‘working with unusual rapidity,’ having
‘an astonishing capacity for productive effort,’ and as ‘a
prodigious worker who knew no relaxation.’
“During Piper’s 23 years at the USDA, he made notable
investigations into and was instrumental in the development
of the soybean, personally directed the experimental work
on grasses and other forage plants, and was renowned
in agronomic circles for his discovery and subsequent
introduction of Sudan grass into the United States. He was
the sole author of Forage Plants and Their Culture (1914),
a classic that remained in print until at least 1942. Piper was
a founding member of the American Society of Agronomy
in 1907 and was its president in 1914. (3) A group portrait of
Piper’s (back row, first person on the left) zoology class in
1883 at the Territorial University of Washington. (Courtesy
of University of Washington Libraries, Special Collections
PH Coll. 282).
“As a scientist, he wrote papers on a wide range of
subjects, expressing his broad interests in botany and
agriculture. In the Proceedings of the American Society
of Agronomy, Piper wrote about experimental methods,
botanical and agricultural history, and agronomic
terminology. An especially interesting article by Piper and
Carleton Ball begins, ‘The purpose of language is to convey

ideas.’ The paper goes on to call for more precision in
agricultural terminology, asks for comments and criticism
from readers, and then offers a glossary of terms with
proposed definitions. There was a hearty response to this
paper, and a bulging folder at the National Archives in
Washington holds the letters of criticism that Piper requested.
“Piper also contributed papers to Science on subjects as
varied as grass spikelet terminology, the role of botanists at
agricultural colleges, and the basalt mounds of the Palouse.
In 1922, with William Jennings Bryan in the midst of his
campaign to legislate a ban on the teaching of evolution
in public schools (which would lead, incidentally, to the
Scopes Trial of 1925), Piper responded with a humorous but
pointed letter to Science about Darwin, the Bible, Bryan, and
evolution. All the while, Piper continued to describe new
species in the botanical journals, and over the course of his
lifetime Piper described more than 100 species. In fact, a
genus of orchids, Piperia, is named in his honor.
“In 1911, Piper made a round-the-world voyage,
spending the first part of the year in the Philippine Islands,
where he made a comprehensive investigation of forage
crops for the U.S. Army. There were over 200,000 horses in
the Philippines in 1910, and they were primarily used by the
Army. All of their feed, which amounted to 46,000 tons in
1910, was imported from America or Australia. In his report,
Piper identified grasses and grains that could be grown in the
Philippines to eliminate the unnecessary importation of feed.
“He would make another trip on Army business in 1923,
this time to investigate forage conditions in the Panama
Canal Zone. But in 1912, after his return from Asia via Egypt
and Europe, Piper began his turfgrass investigations. Those
led to the publication of Turf for Golf Courses (with Russell
A. Oakley) in 1917, to a series of articles about golf turf in
Golf Illustrated and Golf, and to recognition of Piper and his
colleagues at the USDA as a resource for golf courses with
questions about their grass” (Continued).
2867. Wang, Yuesheng; Qin, J.; Gai, J.; He, G. 2006.
Classification and characteristic of maturity groups of
Chinese landraces of soybean [Glycine max (L.) Merr.].
Genetic Resources and Crop Evolution 53(4):803-09. June.
doi:10.1007/s10722-004-5731-y [erratum: 54:1633] [16 ref]
• Summary: “The cultivated soybean [Glycine max (L.)
Merr.] is believed to have originated in China (Kato et al.
1998; Abe et al. 2003a), although there are conflicting views
as to which part of China is the primitive center of origin for
the cultivated soybean (Fehr and Gai 1980). The long history
of production and adaptation of soybeans results in the
widespread distribution of soybeans in China (Gai 1984).”
Address: 1,2&4. China-UK HUST-RRes Crop Genetic
Engineering and Genomics Joint Lab., College of Life
Science and Technology, Huazhong Univ. of Science and
Technology, Wuhan 430074, China.
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2868. Dardanelli, Julio L.; Balzarini, M.; Martinez, M.J.;
Cuniberti, M.; Resnik, S.; Ramunda, S.F.; Herrero, R.;
Baigorri, H. 2006. Soybean maturity groups, environments,
and their interaction define mega-environments for seed
composition in Argentina. Crop Science 46(5):1939-47. Sept.
[25 ref]
• Summary: Argentina is the largest exporter of soybean
meal and oil “in the world, with crops covering a 23º to
39º S latitude range, allowing the presence of genotypes
from different maturity groups (MG). Multi-environment
yield trials (MET) for commercial cultivars are conducted
each year across the crop area. The aim of this paper was to
evaluate the consistency of MG effects and its interaction
with environments (E),...” Address: INTA Estacion
Experimental Manfredi, 5988 Manfredi, Cordoba, Argentina.
2869. Deak, Nicholas A.; Johnson, L.A. 2006. Functional
properties of protein ingredients prepared from high-sucrose/
low-stachyose soybeans. J. of the American Oil Chemists’
Society 83(9):811-18. Sept. [18 ref]
• Summary: “Consumer demand for soy foods and soyprotein food ingredients is rapidly increasing. U.S. retail
sales of foods containing soy protein have grown by more
than 10% per year for the last seven years, reaching an
estimated annual retail market of $3.65 billion in 2002 (1).”
Address: Dep. of Food Science and Human Nutrition and
Center for Crops Utilization Research, Iowa State Univ.,
Ames, IA.
2870. Hou, Guangyun; Ablett, G.R.; Pauls, K.P.; Rajcan, I.
2006. Environmental effects on fatty acid levels in soybean
seed oil. J. of the American Oil Chemists’ Society 83(9):75963. Sept. [20 ref]
• Summary: “Abstract: FA [fatty acid] composition
determines the quality of vegetable oil. Soybean breeders
have generated and used mutations in FA genes to develop
altered FA profiles in the seed. However, the expression
of the alleles and the relative activity of the gene products
are often dependent on the environment, and these facts
have hampered the breeding efforts.” Address: Dep. of
Plant Agriculture, Univ. of Guelph, Guelph, ON, N1G 2W1
Canada.
2871. Reinprecht, Yarmilla; Poysa, V.W.; Yu, K.; Rajcan, I.;
Ablett, G.R.; Pauls, K.P. 2006. Seed and agronomic QTL in
low linolenic acid, lipoxygenase-free soybean (Glycine max
(L.) Merrill) germplasm. Genome 49(12):1510-27. Dec. [67
ref. Eng; fre]
• Summary: “Linolenic acid and seed lipoxygenases are
associated with off flavours in soybean products.” QTL
stands for quantitative trait locus / loci. Address: Dep. of
Plant Agriculture, Univ. of Guelph, Guelph, ON N1G 2W1,
Canada.

2872. Dean, Cheryl A.; Sun, W.; Dong, Z; Caldwell, C.D.
2006. Soybean nodule hydrogen metabolism affects soil
hydrogen uptake and growth of rotation crops. Canadian J.
of Plant Science 86(5):1327-31. Special issue. [14 ref. Eng;
fre]
• Summary: “Soil adjacent to hydrogen releasing (Hupstrain) legume nodules had a significantly higher hydrogen
uptake rate than that around the nodules containing the Hup+
strain. Barley grown following soybean inoculated with the
Hup- strain exhibited an increased grain yield under field
conditions.” Address: 1-3. Dep. of Biology, Saint Mary’s
Univ., Halifax, Nova Scotia, Canada B3H 3C3.
2873. Mebrahtu, Tadesse; Mohamed, A. 2006. Genetic
variation for green pod yield and quality among vegetable
soybean genotypes. J. of Crop Improvement 16(1/2):113-130.
[34 ref]
• Summary: The authors analyzed genetic variation for green
pod yield (GPY), hundred pod weight (HPW), pod length
(PL), plant height (PH), and individual sugars (glucose,
fructose, sucrose, raffinose, and stachyose) and total sugar,
and to determine the association of GPY with the individual
and total sugars in 31 vegetable soybean genotypes from
maturity groups III to VI.
“Heritability (h2) estimates of 0.85, 0.68, 0.81, and 0.85
were observed for GPY, HPW, PL, and PH, respectively.
These high h2 estimates imply that selection for improved
GPY along with PL and HPW can be achieved...” Address:
1. Assoc. Prof. and Soybean Breeder, Agricultural Research
Station, Virginia State Univ., Petersburg, VA 23806.
2874. Morrison, M.J.; McLaughlin, N.B.; Cober, E.R.;
Butler, G.M. 2006. When is short-season soybean most
susceptible to water stress? Canadian J. of Plant Science
86(5):1327-31. Special issue. [15 ref. Eng; fre]
• Summary: “Fourteen soybean... cultivars were grown at
Ottawa from 1993 to 2004 in a replicated design. Phenology,
yield and seed quality data were collected. Climate data
were merged into the data set. Seven key phenological
growth stages were identified and the total precipitation (ppt)
between stages was calculated per cultivar for all possible
durations. Mean cumulative ppt among the growth stage
durations was correlated with mean seed yield, 1000-seed
weight (tsw) seed protein and oil content...” Address: Eastern
Cereal and Oilseed Research Centre (ECORC), Agriculture
and Agri-Food Canada, Central Experimental Farm, K.W.
Neatby bldg. 960 Carling Ave. Ottawa, Ontario, Canada K1A
0C6.
2875. Hufstetler, E. Vicki; Boerma, H. Roger; Carter,
Thomas E.; Earl, Hugh J. 2007. Genotypic variation for three
physiological traits affecting drought tolerance in soybean.
Crop Science 47(1):23-35. Jan. 22. [46 ref]
• Summary: Drought is the leading cause of soybean
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yield reduction in the southeastern United States. Three
physiological traits that may affect soybean performance
when water availability is limited are (i) water use efficiency
(WUE), (ii) regulation of water use by the whole plant
in response to soil water content; and (iii) leaf epidermal
conductance when stomata are closed. Address: 1-2. Dep. of
Crop and Soil Sciences, Univ. of Georgia, Athens, GA.
2876. Zhang, Lingxiao; Kyei-Boahen, S. 2007. Growth and
yield of vegetable soybean (edamame) in Mississippi (Open
Access). HortTechnology 17(1):26-31. Jan/March. [20 ref]
• Summary: “Summary: Soybean (Glycine max) grown as
a vegetable is gaining in popularity in the U.S. and demand
is expected to increase over the long term. However,
information on production in the U.S. is limited because
most of the product is imported. Field experiments were
conducted at Stoneville, Mississippi, in 2004 and 2005 to
evaluate the production and yield potential and to estimate
the net returns for sustainable production in the Mississippi
Delta. In 2004, four vegetable soybean varieties were
evaluated and 23 varieties were evaluated in 2005. The
varieties varied from maturity group III to VII. The latematuring varieties were generally taller, had more nodes/
plant, pods/plant, and fresh green pod yield at R6 stage
(full seed) than the early-maturing varieties. Fresh green
bean yield ranged from 1438 to 19,119 lb/acre in 2004. The
mean bean yield for the 18 April 2005 planting was 26,538
lb/acre compared with a mean of 18,131 lb/acre for the 10
May 2005 planting. Interaction occurred between planting
date and variety as well as soil type and variety for all the
variables evaluated. `Envy’ produced the lowest yield,
whereas `Garden Soy 01’, `Garden Soy 21’, `Midori Giant’,
`Mojo Green’, and `Moon Cake’ produced the highest fresh
bean yield. The estimated net returns, using the Mississippi
State Budget Generator as a guide, indicated more than twice
the returns from growing the regular commodity soybean.
The data suggest that vegetable soybean can fit well into the
existing cropping system and could be a viable alternative
crop for growers in the Mississippi Delta who want to
capitalize on a niche market.” Address: Mississippi State
Univ.
2877. Sato, Shusei; Nakamura, Y.; Asamizu, E.; Isobe, S.;
Tabata, S. 2007. Genome sequencing and genome resources
in model legumes. Plant Physiology 144(2):588-93. June.
[50 ref]
• Summary: Note: Soybean is mentioned 6 times in
this article, which begins: “Since the completion of the
sequencing of the Arabidopsis (Arabidopsis thaliana)
genome in 2000, it has become clear that information about
the genome of a particular plant species can have dramatic
benefits in promoting plant molecular genetics in general. To
create a similar situation in legumes, two species with small
genomes, Lotus japonicus (Japanese trefoil) and Medicago

truncatula (barrel medic), with diploid genomes of 470 to
500 Mb in size, were chosen as references, and genome
sequencing was launched at the beginning of this decade
(Young et al., 2005).”
Pages 590-91: “As the genome projects of the two
model legumes have advanced, material resources, such
as a large number of cDNA clones and genomic libraries,
have been developed. These resources constitute extremely
valuable tools for genetic and physiological studies on
individual biological phenomena when they are made
available to the research community.
“Miyazaki University has established a resource center
for Lotus japonicus and soybean (Glycine max) that is
financially supported by the National Bioresource Project of
Japan. They distribute TAC/BAC genomic and cDNA clones
generated during the course of Lotus genome analysis, as
well as seeds of major experimental accessions and wild
accessions collected from all over Japan. LegumeBase
(http://www.legumebase.agr.miyazaki-u. ac.jp) provides a
list of resources and detailed information.”
Note: Lotus japonicus is a wild legume that belongs to
family Fabaceae. Members of this family are very diverse,
constituting about 20,000 species. They are of significant
agricultural and biological importance as many of the
legume species are rich sources of protein and oil and can
also fix atmospheric nitrogen. L. japonicus has become a
model plant for genome studies in legumes, particularly in
reference to rhizobial and arbuscular mycorrhizal symbiosis.
Small genome size of about 470 Mb, diploid genome with
6 haploid chromosomes, a short life cycle of about 2 to 3
months and its perennial nature makes it a convenient plant
to study (Source: Wikipedia, Oct. 2018).
“As an example of the extension of synteny analysis for
the development of applications, a fine genetic map around a
region of a virus-resistance gene (Rsv4) in soybean has been
constructed using DNA markers generated by comparison of
the genome sequences of soybean and L. japonicus.
For information on sequencing the soybean genome see:
(http://www.energy.gov/news/2979.htm). Address: Kazusa
DNA Research Inst., Kisarazu, Chiba 292-0818 Japan.
2878. Meixner, Claudia; Vegvari, G.; Ludwig-Muller, J.;
Gagnon, H.; Steinkellner, S.; Staaehelin, C.; Gresshoff, P.;
Vierheilig, H. 2007. Two defined alleles of the LRR receptor
kinase GmNARK in supernodulating soybean govern
differing autoregulation of mycorrhization. Physiologia
Plantarum 130(2):261-70. June. [54 ref]
• Summary: “Plants regulate the extent of nodulation and
root colonization by arbuscular mycorrhizal fungi (AMF), a
phenomenon named autoregulation of symbiosis.” Address:
Institut fuer Pflanzenschutz (DAPP), Universitaet fuer
Bodenkultur Wien, A-1190 Wien, Austria.
2879. Zhang, L.X.; Kyei-Boahen, S.; Zhang, J.; Zhang,
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M.H.; Freeland, T.B.; Wason, C.E.J.; et al. 2007.
Modifications of optimum adaptation zones for soybean
maturity groups in the USA. Crop Management 6(1). Nov.
doi:10.1094/CM-2007-0927-01-RS. [40 ref]
• Summary: “Soybean cultivars are generally adapted within
a narrow north-south geographical zone for full-season
growth due primarily to photoperiod response. The areas of
adaptation were empirically defined more than three decades
ago and reexamination is needed. The accuracy of adaptation
area determination can be improved by utilizing updated
information, including changes in production practices
and new technologies...” Address: 1. Delta Research and
Extension Center, Mississippi State Univ., Stoneville MS
38776.
2880. Monsanto Co. 2007. Annual report 2007: Growing. St.
Louis, Missouri. 22 + 98 p. 28 cm.
• Summary: The first 22 pages are glossy and in color. The
last 98 pages are Monsanto’s Form 10-K, submitted to the
U.S. Securities and Exchange Commission.
Operating results (in millions): Net sales rose to $8,563
from $7,294, up 17%. Net income rose to $993 from $689,
up 44%. “Our results this year were largely driven by
our seeds and traits business, specifically our global corn
business”–says Hugh Grant, Chairman, President and Chief
Executive Officer. This year Monsanto used a significant
portion of its free cash to “finance strategic acquisitions
including Delta and Pine Land [D&PL], one of the world’s
leading cotton seed companies” and Agroeste in Brazil.
In 2007 Monsanto returned about $258 million in cash to
shareholders through dividends. In addition, Monsanto
continued to repurchase its own shares. To date Monsanto
has repurchased $311 million in shares through the first 22
months of its current four-year $800 million repurchase
program.”
Monsanto’s Seeds and Genomics segment consists of
the company’s seeds and traits business. Monsanto sells
seed products through its leading brands like DeKalb,
Asgrow, Deltapine, and Seminis. Monsanto’s Agricultural
Productivity segment consists primarily of crop protection
products (such as Roundup agricultural herbicides) and their
dairy business (rBGH, bovine growth hormone).
The two-page foldout (p. 17-18) titled “Our pipeline,”
states: “Delivering innovation to the farm is the focus of
Monsanto’s R&D platform.” The two broad categories are
“Breeding” and “Trait pipeline.” In the trait pipeline are two
types of crops: Those with agronomic benefits [AB] and
those with value added benefits [VAB]. The “Trait pipeline
shows the development of corn, cotton, and oilseeds through
four phases. For oilseeds: Phase I is soybean nematode
resistance (AB).
Phase II is Dicamba-tolerant soybeans. Insect
protected soybeans. Higher yielding soybeans. Roundup
RReady2Yield canola (AB). High stearate soybeans.

Vistive III kiw lin–mid oleic–low sat soybeans (VAB)
Note: Dicamba (3,6-dichloro-2-methoxybenzoic acid) is
an herbicide used to control annual and perennial broadleaf
weeds in grain crops and grasslands. It is in the benzoic acid
family of herbicides.
Phase III is Vistive II low lin–mid oleic soybeans.
Omega-3 soybeans. High oil soybeans (VAB).
Phase IV is RoundupRReady2Yield soybeans (AB).
Improved protein soybeans (VAB).
Monsanto has a collaboration with BASF [a German
chemical company; the largest chemical company in the
world] to identify and commercialize novel yield and stress
trait technologies.
Accompanying the report is a “Notice of annual meeting
of shareowners, January 16, 2008” (73 p.). Appendix A gives
a chronology of major events from 1 Sept. 1997 to 16 April
2003 (same as last year). Address: 800 North Lindbergh
Blvd., St. Louis, Missouri 63167.
2881. Fasoula, V.A.; Boerma, H.R. 2007. Intra-cultivar
variation for seed weight and other agronomic traits within
three elite soybean cultivars. Crop Science 47:367-73. *
Address: 1-2. Dep. of Crop and Soil Sciences, Univ. of
Georgia, Athens, GA.
2882. Pathan, Md. S.; Lee, Jeong-Dong; Shannon, J. Grover;
Nguyen, Henry T. 2007. Recent advances in breeding for
drought and salt stress tolerance in soybean. In: M.A. Jenks,
P.M. Hasegawa, S.M. Jain, eds. 2007. Advances in Molecular
Breeding Toward Drought and Salt Tolerant Crops.
Dordrecht: Springer. See p. 739-73. *
• Summary: Drought and salinity are abiotic factors that
decrease soybean production worldwide. Abiotic factors are
the non-living parts of the environment that can often have a
major influence on living organisms. Drought alone accounts
for about 40% of crop losses.
“Molecular marker technologies can dissect quantitative
traits into individual components, known as quantitative trait
loci enabling marker assisted selection of desired traits in
much shorter time avoiding labor intensive, conventional,
phenotypic selection.” Molecular breeding can supplement a
system of conventional breeding.
2883. Adeniji, O.T. 2007. Stepwise regression and path
analysis of dry matter accumulation in the vegetative and
reproduction parts of soybeans (Glycine max (L.) Merr)
(Open Access). Agriculture Journal 2(6):697-701. [13 ref]
• Summary: “The stepwise multiple regression analysis
identified the pods per plant to have accounted for 96% of
variability for seed weight. The seed weight contributed 96%
of the total variation observed for pod yield. The number of
pods per plant recorded the highest positive direct effects on
weight. This study identified the number of pods per plant as
important character for pod yield improvement in soybeans.”
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Address: Dep. of Crop Sciences, Adamawa State Univ.,
P.M.B. 25 Mubi, Adamawa State, Nigeria.
2884. Kibar, H.; Ozturk, T. 2008. Physical and mechanical
properties of soybean. International Agrophysics 22(3):23944. March. [29 ref]
• Summary: “The physical and mechanical properties of
soybean were determined at 8 to 16% moisture content. In
this moisture range, grain length, width, thickness, arithmetic
average diameter and geometric average diameter increased
from 7.24 to 8.19, 6.79-7.12, 5.78-6.23, 6.60-7.18, 6.57-7.14
mm, respectively.” Address: Dep. of Agricultural Structures
and Irrigation, Faculty of Agriculture, Univ. of Ondokuz
Mayis, 55139, Kurupelit-Samsun, Turkey.
2885. Salvagiotti, F.; Cassman, K.G.; Specht, J.E.; Walters,
D.T.; Weiss, A.; Dobermann, A. 2008. Nitrogen uptake,
fixation and response to fertilizer N in soybeans: a review.
Field Crops Research (Amsterdam) 108(1):1-13. July 11.
[158 ref]
• Summary: “Abstract: Although relationships among
soybean seed yield, nitrogen (N) uptake, biological
N2 fixation (BNF), and response to N fertilization
have received considerable coverage in the scientific
literature, a comprehensive summary and interpretation
of these interactions with specific emphasis on high yield
environments is lacking. Six hundred and thirty-seven data
sets (site-year-treatment combinations) were analyzed from
field studies that had examined these variables and had been
published in refereed journals from 1966 to 2006.”
To achieve their high yield potential, soybeans must
sustain high rates of photosynthesis and accumulate large
amounts of nitrogen (N) in their seeds. Address: 1-3, 5. Dep.
of Agronomy and Horticulture, Univ. of Nebraska-Lincoln,
P.O. Box 830915, Lincoln, NE 68583-0915.
2886. Ontario Soybean Growers’ Update. 2009. Yield
challenge winners announced. Jan. p. 1.
• Summary: “Nine growers from across the province were
recognized for outstanding soybean yields at a special award
ceremony on December 18 in Guelph. The winners were
chosen from among the forty farmers who entered the firstever Ontario Soybean Growers’ Yield Challenge.
“Some interesting overall statistics were gleaned from
the entrants’ submitted harvest surveys. The average yield
reported was 59.4 bushels per acre, with a range from 47.5
to 72.1 bushels per acre. May planting was the norm, with
48 per cent using conventional seed and 52 per cent using
Roundup Ready varieties. Tillage practices were evenly split
between conventional, no-till and minimum till. The most
common seeding rate was between 200,000 and 225,000
seeds per acre. In terms of field rotation, 88 per cent of the
entrants grew corn in the prior year; the rest grew either
wheat, alfalfa or other beans. Thirty-two percent reported

using foliar fertilizer, and fifty-two per cent used foliar
fungicide.
“First, second and third place prizes were presented for
each of three provincial heat unit zones based on maturity
groups. All nine finalists received an OSG Yield Challenge
jacket. The runners-up received two complimentary tickets
each for both the Canadian International Farm Show in
Toronto, and Canada’s Outdoor Farm Show. First-place
winners received a cheque for their yield per acre, multiplied
by $10.00.
“OSG established the Soybean Yield Challenge to raise
awareness among growers of factors affecting soybean
yields. A panel discussion among the winners illuminated
their crop production management techniques.
A table shows: (1) The zone and cumulative heat units
(CHU). (2) Names of the winner, 1st runner-up, and 2nd
runner-up. (3) Location in Ontario. (4) Yield in bushels per
acre. (5) Variety–NK (Northrup King) varieties won the most
prizes.
Zone 1 is 2700 CHU and under. Zone 2 is 2725 to 3000
CHU. Zone 3 is 3025 CHU and above.
Note: Warmer areas generally have higher CHUs and
higher yields. The highest yield was achieved by Casey
Claver in Seaforth (Zone 3) at 72.1 bu / acre using an NKS21-N6 variety. Address: Guelph, ONT, Canada.
2887. Powell, Jeff R.; Campbell, R.G.; Dunfield, K.E.;
Gulden, R.H.; Hart, M.M.; Levy-Booth, D.J.; Klironomos,
J.N.; Pauls, K.P.; Swanton, C.J.; Trevors, J.T.; Antunes,
P.N. 2009. Effect of glyphosate on the tripartite symbiosis
formed by Glomus intraradices, Bradyrhizobium japonicum,
and genetically modified soybean. Applied Soil Ecology
41(1):128-36. Jan. [55 ref]
• Summary: “Most soybeans grown in North America are
genetically modified (GM) to tolerate applications of the
broad-spectrum herbicide glyphosate; as a result, glyphosate
is now extensively used in soybean cropping systems.
Soybean roots form both arbuscular mycorrhizal (AM) and
rhizobial symbioses. In addition to individually improving
host plant fitness, these symbioses also interact to influence
the functioning of each symbiosis, thereby establishing
a tripartite symbiosis... These data deviate from previous
studies estimating the effect of glyphosate on the rhizobial
symbiosis, some of which observed negative effects on
rhizobial colonization and/or N2-fixation...” Address: Dep. of
Integrative Biology, Univ. of Guelph, Guelph, Ontario N1G
2W1, Canada.
2888. Burkey, Kent O.; Carter, T.E., Jr. 2009. Foliar
resistance to ozone injury in the genetic base of U.S. and
Canadian soybean and prediction of resistance in descendent
cultivars using coefficient of parentage. Field Crops
Research 111(3):207-17. April. [64 ref]
• Summary: “Introduction: Ozone (O3) is considered
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a secondary air pollutant because it is formed in the
atmosphere by photochemical reactions between oxygen
and primary pollutants such as nitrogen oxides, carbon
monoxide, and volatile organic compounds.
“Development of ozone (O3)-resistant cultivars is
a potentially important approach for maintaining crop
productivity under future climate scenarios in which
tropospheric O3 pollution is projected to rise. A first step in
the breeding of resistant cultivars for a crop such as soybean
(Glycine max (L.) Merr.) is identification of sources of O3
resistance genes. Thirty ancestral lines of soybean were
screened for differences in O3 foliar injury under greenhouse
conditions. The ancestors represented 92% of the genetic
base of North American soybean as determined by pedigree
analysis.
“Ancestral types Fiskeby 840-7-3 and Fiskeby III
exhibited the greatest foliar resistance and PI 88788 the least.
A subsequent field study confirmed the foliar resistance of
the Fiskeby types.” Address: 1. USDA-ARS Plant Science
Research Unit, 3127 Ligon Street, Raleigh, North Carolina
27607.
2889. Alliprandini, Luis Fernando; Abatti, C.; Bertagnolli,
P.F.; Cavassim, J.E.; Gabe, H.L.; Kurek, A.; et al. 2009.
Understanding soybean maturity groups in Brazil:
Environment, cultivar classification, and stability. Crop
Science 49(3):801-08. May. [27 ref]
• Summary: “Maturity classification is an important concept
to provide the best allocation of resources for soybean...
research and commercialization. A similar maturity group
system used in North America is being used for some seed
companies in Brazil and needs research to improve its use.
This study evaluated the maturity stability of 48 midwestern
and 40 southern Brazilian commercial cultivars ranging from
North American maturity groups VI to VIII at 15 locations.”
Address: 1-2. Monsanto do Brasil S.A., C. Postal 511, CEP
86600-000, Rolândia, PR, Brazil.
2890. Aduloju, M.O.; Mahamood, J.; Abayomi, Y.A. 2009.
Evaluation of soybean [Glycine Max (L.) Merrill] genotypes
for adaptability to a southern Guinea savanna environment
with and without P fertilizer application in North central
Nigeria (Open Access). African J. of Agricultural Research
4(6):556-63. June. [47 ref]
• Summary: “Cultivar evaluation is essential to ascertain
the superiority of the newly developed genotypes over the
established cultivars in terms of yield and adaptation to
an ecology.” “Significant year x genotype effect indicated
that grain yields were significantly different between the
two cropping seasons for TGX 1830-20E, TGX 1740-2F
and TGX 1871-12E in 2004, while there was no significant
variation for grain yield for TGX 1448-2E, TGX 184418E and TGX 1869-31E for the two years. This suggests
stable grain yields in the latter genotypes and hence good

adaptability, while the former ones showed unstable
productivity under adverse soil moisture condition resulting
from lower rainfall in 2003, and thus were deemed
unsuitable for the southern Guinea savanna ecology which is
highly prone to drought conditions. Simple linear regression
analysis revealed that number of pods per plant was the
most important factor influencing grain yield in this study.
In conclusion, TGX 1448-2E was the genotype best adapted
genotype to the southern Guinea savanna ecology and
thus it can successfully replace TGX 923-2E the existing
cultivar. Nevertheless, TGX 1844-18E and TGX 1869-31E
are promising as drought tolerant genotypes.” Address: 1&3.
Dep. of Agronomy, Univ. of Ilorin, P.M. B. 1515, Ilorin.
Nigeria.
2891. Bernard, Richard L. 2009. Re: Update on work with
Gardensoy varieties of edamame. Letter (e-mail) to William
Shurtleff at Soyinfo Center, July 7. 3 p.
• Summary: “Six Gardensoy varieties were released in May
2000 (Gardensoy 11, 21, 22, 31, 41, and 42) and the seven
more were released in May 2002 (Gardensoy 01, 02, 12,
23, 24, 32, and 43). These were open releases, available to
anyone with no restrictions. I have sent out free trial seed
packets each year since to any gardener wishing to plant
them. These were small packets with about 50 seeds each,
enough to plant a 8 to 10 foot trial row and were provided at
no charge.
“I filled requests from about 200 gardeners in 2008
(With an average of 5 varieties to each gardener, this totaled
about 1,000 packets.) I have already sent seeds to over 120
gardeners in 2009. A few years ago these varieties were sold
by one seed company (Rupp Seeds, Wauseon, Ohio) but they
dropped them after one year because of low demand.
“The 13 varieties have a good range in maturity (over
30 days) from Maturity Group 0 to 4 (the first digit of the
variety number), and it is wise to plant several to spread out
harvest time. The main difference between these varieties
and the typical grain varieties grown in this country is
the larger seed size with only slightly lower yields. Their
advantage over Asian vegetable varieties is higher yield and
better seed quality in our environment. They are generally
more shatter-resistant, more lodging resistant, and more
disease and insect resistant than typical Japanese and Korean
vegetable varieties. They have Japanese or Korean vegetable
varieties in their ancestry from which they get their larger
seed size but also have American grain varieties in their
parentage from which they get their better adaptability to our
growing conditions.”
With this e-mail, Dr. Bernard sends three attachments
that he has written: (1) Garden-type vegetable soybean
varieties (4 pages), which includes two tables giving details
on each variety. (2) Growing, harvesting and cooking
Gardensoys (1 p.), containing practical information for those
receiving packets of the soybeans. (3) New garden-type

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 884
soybean varieties (2 p.), with general information and a table
giving details on the Gardensoy varieties and comparing
them with two grain-type soybeans and 4 other large-seeded
varieties.
Talk with Dr. Richard Bernard. 2009. July 4. Breeding
and distributing Gardensoy varieties has been one of his
main activities and hobby since his retirement from the
University of Illinois as a soybean breeder; he pays the
postage on the seeds (about $500 a year) out of his own
pocket–so it is a work of love. He also dances three nights
a week. From the year 2000 to 2007 he sent out about
500 packets a year of Gardensoy soybeans to roughly
100 gardeners who requested them. In 2008 he sent 1,000
packets; five packets to each of 200 gardeners, 50 soybeans
per packet. People learn about these free soybeans from
newspaper articles, a posting on the National Soybean
Research Laboratory (NSRL) website at the university, etc.
The university sent out a little news release article to the
news media on the Gardensoy soybeans Occasionally a
journalist will visit Dick at the farm and write a newspaper
story about his work and the availability of Gardensoy. His
concern recently has been too much publicity. About onethird of those who request free Gardensoy soybeans reply to
Dick’s request for comments. Almost all of these comments
are very favorable; people generally like edamame.
Each Gardensoy variety has a Japanese or Korean
vegetable-type in their ancestry. Gardensoy 41 is his favorite
one to eat; it tastes best, has the largest seed size and it peels
out of the pod better. He had never bred any large-seeded
soybeans before he started breeding Gardensoy. His plan
is to register each of the Gardensoy varieties that he sends
out, but he hasn’t done that yet. The Agronomy Society
has a new periodical titled Journal of Plant Registrations.
These varieties have improved agronomic characteristics
compared with earlier Asian vegetable-type soybeans. In the
1960s, Iowa State Univ. did a lot of breeding of vegetable
types, with C.R. Weber being the USDA soybean breeder
there. When people request Gardensoy varieties, Dr. Bernard
decides what varieties to send them based mainly on the
latitude at which they will be growing them. He sends five
varieties so as to spread out the harvest season over about 30
days. If all are planted at the same time in May, the earliest
one is about 30 days earlier than the latest one. He thinks
that most of the people who request Gardensoy varieties are
non-farmers but gardeners, so he sends a sheet of growing
instructions.
Dr. Bernard likes to take his Gardensoy soybeans (ready
to eat, in the pods) to parties and local ballroom dances
year-round. He has a sign that puts in front of the bowl of
edamame that says, “Don’t eat the shells.” Some people just
love to eat them; those that don’t, don’t say much. The one
group that won’t try them or doesn’t like them are soybean
farmers. They say, “I’ve eaten ‘em off the wagon [uncooked]
and I know what they taste like.” He says, “If you ate

corn off the wagon, what would that tell you about sweet
corn.” People in the Midwest already know that you don’t
eat soybeans. “When I tell city folks here that I work with
soybeans, I know what they’re gonna say next–I can almost
put it to music. ‘Oh, they sure make a lot of things out of
soybeans.’ Paint, plastic, automobiles. When I say something
about eating them, they get a bad taste in their mouth.
It’s too bad, because its an excellent vegetable and good
tasting. I enjoy them every day.” He cooks then freezes extra
edamame in the pods, then, during the rest of the year, thaws
them and eats them either as edamame (in the pods, about
half of the time) or shelled (as in salads). Dr. Bernard has
had trouble at the University of Illinois getting his colleagues
interested in eating whole soybeans, where you just cook ‘em
and eat ‘em. They are more interested in extracted protein
and processed foods.
Dr. Bernard has grown increasingly fond of edamame
as a food; he sees it as a “food of the future.” Address: Prof.
of Plant Genetics (Retired), Dep. of Crop Sciences, AW-101
Turner Hall, Univ. of Illinois, Urbana, IL 61801-4798.
2892. Murphy, Sheila E.; Lee, E.A.; Woodrow, L.; Seguin,
P.; Kumar, J.; Rajcan, I.; Ablett, G.R. 2009. Genotype x
environment interaction and stability for isoflavone content
in soybean. Crop Science 49(4):1313-21. July. [29 ref]
• Summary: “Isoflavones are naturally occurring compounds
found in soybean... Soybean isoflavone, as a quantitative
trait, is subject to significant genotype x environment
interaction, which makes breeding for this trait difficult.”
Address: 1-2. Dep. of Plant Agriculture, Univ. of Guelph,
Guelph, ON N1G 2W1 Canada.
2893. Qiu, L.J.; Li, Y.H.; Guan, R.X.; Liu, Z.X.; Wang, L.X.;
Chang, R.Z. 2009. [Establishment, representative testing
and research progress of soybean core collection and mini
core collection]. Acta Agronomica Sinica (Zuo Wu Xue Bao)
35(4):571-79. [Chi; eng]*
2894. Ohyama, Takuji; Ohtake, N.; Sueykoshi, K.; Tewari,
K.; Takahashi, Y.; Ito, S.; Nishiwaki, T.; Nagumo, Y.; Ishii,
S.; Sato, T. 2009. Nitrogen fixation and metabolism in
soybean plants. Hauppauge, New York: Nova Science Pub.
Inc. viii + 131 p. Illust. (many color). Index. 23 cm. [204 ref]
• Summary: Contents: Preface. 1. Introduction. 2. The Fate
of Nitrogen Fixed in Soybean Nodules. 3. Characteristics
of Nitrate Absorption and Transport in Soybean Plants.
4. Nitrogen Inhibition on Nodule Growth and Nitrogen
Fixation. 5. Nitrogen Assimilation and Nitrate Tolerance of
Hypernodulation Mutants of Soybean. 6. Effect of Nitrogen
Nutrition on Soybean Seed Storage Protein Composition.
7. Development of New Fertilization Technique to Promote
Nitrogen Fixation and Seed Yield.
Note: This book, with many original ideas, contains
some very sloppy editing, as if it was never proofread. See,
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for example, pages 106 and 114.
Moreover, the format of the bibliography fails to
specify when articles are in foreign languages, and the titles
of foreign journals are given only in English translation.
Address: Faculty of Agriculture, Niigata Univ.; Food
Research Center, Niigata Agricultural Research Inst. All:
Niigata, Japan.
2895. Sheaffer, Craig C.; Moncada, Kristine M. 2009.
Introduction to agronomy: food, crops, and environment.
Clifton Park. NY: Delmar Cengage Learning. xii + 564 p.
Illust. Index. 26 x 21 cm.
• Summary: This is a textbook containing 20 chapters,
starting with “History of Agriculture.” It strives to introduce
controversial topics (such as factory farming), and to deal
with them in a fair and balanced way.
Chapter 18, “Crop Profiles: Legumes,” contains a
section on “Soybean” (p. 452-55), with the following
contents: Introduction. Description and adaptation
(indeterminant, determinant; maturity groups). Use (oil for
food and industrial uses, including biodiesel; the meal is
widely used to supply protein as an ingredient in poultry,
swine, and cattle feed; and in human foods).
“Soybeans are extensively used in human foods as a
source of many essential nutrients. Products include soymilk,
infant formula, and flour. Soy protein can be processed
into textured vegetable protein for production of vegetarian
burgers. Soybeans are fermented to produce soy sauce. Tofu
is produced from the separation of the solids from soybean
milk. Sprouted soybean seeds are consumed in salads.”
Figures: (1) Illustration of a soybean plant, the world’s
most widely grown legume grain crop, showing pods and
seeds. (2) Some of the many types of soybeans. (3) Map of
soybean maturity group zones in the United States (OO to
IX). (4) P Pie chart of world oilseed production in 2007. 59%
of all oilseeds are soybeans; cotton is #2 (11%), tied with
rapeseed (11%). Peanut is #4 (8%).
2896. Organic and Non-GMO Report (The) (Fairfield, Iowa).
2010. Scientist finding many negative impacts of Roundup
Ready GM crops: USDA doesn’t want to publish studies
showing negative impacts. 10(1):4, 6. Jan.
• Summary: “Robert Kremer is a microbiologist with the
US Department of Agriculture’s Agricultural Research
Service and an adjunct professor in the Division of Plant
Sciences at the University of Missouri. He is co-author of
one of five papers published in the October 2009 issue of The
European Journal of Agronomy that found negative impacts
of Roundup herbicide, which is used extensively with
Roundup Ready genetically modified crops. Kremer has been
studying the impacts of glyphosate, the primary ingredient in
Monsanto’s Roundup herbicide, since 1997.
“The Organic & Non-GMO Report interviewed Mr.
Kremer about his research and the reluctance of the USDA to

publicize the findings of the five papers.
“Please give me an overview of your research
“RK: We started in 1997 wanting to see if this new
system, Roundup Ready, would change the production of
nematodes in soybean. We started looking at organisms in
soybean roots and saw microorganisms colonizing the roots.
We suspected that glyphosate was having an impact. There
was a root fungi problem that seemed to be encouraging
sudden death syndrome (SDS).
“We saw the increase of these fungi in the Roundup
Ready (genetically modified) system, both soybeans and
corn.
“What types of things are you seeing in the Roundup
Ready system?
“RK: This system is altering the whole soil biology. We
are seeing differences in bacteria in plant roots and changes
in nutrient availability. Glyphosate is very systemic in the
plant and is being released through the roots into the soil.
Many studies show that glyphosate can have toxic effects on
microorganisms and can stimulate them to germinate spores
and colonize root systems. Other researchers are showing
that glyphosate can immobilize manganese, an essential plant
micronutrient.
“What are glyphosate’s impacts on beneficial soil
bacteria?
“RK: The most obvious impact is on rhizobia, a
bacterium that fixes nitrogen. It has been shown that
glyphosate can be toxic to rhizobia. (Nitrogen fixing bacteria
are important to soils because nitrogen is the most commonly
deficient nutrient in many soils.)
“What about research showing increased incidence of
Fusarium in Roundup Ready GM crops?
“RK: We’ve taken field surveys and seen an increase in
Fusarium with the use of glyphosate. Some Roundup Ready
varieties even without using glyphosate tend to be more
susceptible to being impacted by Fusarium. It could be an
unintended consequence of genetic manipulation that could
make it more susceptible.
“Your paper also mentioned the potential of glyphosate
to contaminate groundwater.
“RK: Yes, under certain circumstances. The big
assumption for claims that glyphosate is benign is that it isn’t
immediately absorbed by the soil. But research is showing
that isn’t necessarily true; that it is still available in the soil.
“If soil is full of phosphorous, glyphosate could leach
into ground water. For example, farmers may use manure
from confined animal feeding operations as a fertilizer. The
soil will then contain high amounts of phosphorus, which
overwhelms the soil. Any glyphosate that hits the soil will be
a potential contaminant. It can stay in the soil or it might run
off into streams or waterways.
“What about glyphosate resistant weeds?
“RK: We have eight different species of glyphosate
resistant weeds in Missouri. Some species of Johnson Grass
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are found in fields where Roundup is used year after year. It
is a very aggressive weed.
“To solve the problem of weed resistance, genetic
engineers are developing soybeans that tolerate Roundup and
Dicamba, another herbicide. They are incorporating another
gene resistant to another herbicide. When resistance happens
again, will they then develop a plant resistant to five or six
herbicides? It’s an illogical circle.
“With so much glyphosate being used, what types of
long-term impacts do you think could occur?
“RK: We are already seeing glyphosate-resistant weeds.
If we continue to use glyphosate in the same fields year after
year, it’s a matter of time until microbial communities in the
soil will shift to more detrimental species.
“The use of glyphosate stimulates detrimental pathogens
in the growing season but they go back down after the
growing season. Eventually, they may build up in the soil
and not go back down.
“Are many researchers looking at the possibly negative
impacts of glyphosate or Roundup Ready crops?
“RK: There are a handful of researchers. There is more
research looking at the production of these crops.
“The papers published in the European Journal of
Agronomy received no publicity in the United States. Why is
that?
“RK: I was working with USDA-ARS to publish a
news release about these studies. I’ve gone all the way to the
administrators, but they are reluctant to put something out.
USDA’s thinking is that if farmers are using this (Roundup
Ready) technology, the agency doesn’t want negative
information being released about it. This is how it is. I think
the news release is still sitting on someone’s desk.
“What about your future research?
“RK: We’re looking at some methods that could be used
to overcome negative effects if we continue to use Roundup
Ready crops, such as supplementation of nutrients by foliar
application. I’m more interested in sustainable agriculture.
More farmers are interested in using cover cropping to
maintain soil quality and other organic amendments. But its a
steep learning curve for them.”
2897. Dion, Patrice. ed. 2010. Soil biology and agriculture in
the tropics. Berlin: Springer Science & Business Media. xiii
+ 325 p. Illust. (some color). Index. Series: Soil Biology, Vol.
21. [1200+* ref]
• Summary: Contents: 1. Soils of the Tropics. 2. Organic
Matter and Micro-Organisms in Tropical Soils. 3. Impacts of
Forest Conversion to Agriculture on Microbial Communities
and Microbial Function. 4. The Structural and Functional
Biodiversity of Soil: An Interdisciplinary Vision for
Conservation Agriculture in Brazil. 5. The Potential of Soil
Beneficial Micro-Organisms for Slash-and-Burn Agriculture
in the Humid Forest Zone of Sub-Saharan Africa.
6. Microbial Populations of Arid Lands and their

Potential for Restoration of Deserts. 7. Exploring the
Ecological Significance of Microbial Diversity and
Networking in the Rice Ecosystem. 8. Rhizobial Symbioses
in Tropical Legumes and Non-Legumes. 9. Mycorrhizal
Associations in Agroforestry Systems. 10. Agricultural
Development in Tropical Acidic Soils: Potential and
Limits of Phosphate-Solubilizing Bacteria. 11. Role of
Microbial Biofertilizers in the Development of a Sustainable
Agriculture in the Tropics. 12. Microbial Degradation of
Pesticides in Tropical Soils. 13. Soil and Crop Contamination
Through Wastewater Irrigation and Options for Risk
Reduction in Developing Countries. 14 Towards a New
Purpose for Traditional and Other Forms of Soil Knowledge,
by Patrice Dion.
Soybeans are mentioned as follows:
Page 66: In Brazil, 14 grain crops cover an area of
about 48 million ha, of which soybean accounts for slightly
less than half of the total. Agribusiness plays a key role in
Brazil’s trade, accounting for about 25% of Brazil’s GDP
during the years 2000-2007.
Page 95: “Spontaneous nodulation of some soybean
varieties with promiscuous indigenous LNB [legumenodulating bacteria] has become exploited by many African
farmers in Nigeria, South Africa, Tanzania, Zambia and
Zimbabwe...” Address: Prof. Dr., Département de phytologie,
Pavillion Charles-Eugène-Marchand, 1030, avenue do la
Médecine, Université Laval, Québec (Québec) G1V OA6,
Canada.
2898. Barnes, Stephen. 2010. The biochemistry, chemistry
and physiology of the isoflavones in soybeans and their
food products. Lymphatic Research and Biology 8(1):89-98.
March. [64 ref]
• Summary: “Abstract: In this review of the chemistry,
absorption, metabolism, and mechanisms of action of plant
isoflavones, emphasis is placed on the isoflavones in soy and
the food products derived from them. Soybeans have been
part of food history in Asia for several millennia but did not
reach the Americas and Europe until the eighteenth century.
In the twentieth century, there was a tremendous increase
in the cultivation of soybeans in the United States and more
recently in South America. Soy foods have entered the U.S.
food supply in ever-increasing amounts both in the form
of traditional products (soy milk, tofu) and in more subtle
ways in dairy and bread/cake products. The isoflavones in
non-fermented foods are for the most part in the form of
glycoside conjugates. These undergo changes due to different
processing procedures. Isoflavones and their metabolites
are well absorbed and undergo an enterohepatic circulation.
They are often termed phytoestrogens because they bind
to the estrogen receptors although weakly compared to
physiologic estrogens. This estrogenicity is not the only
mechanism by which isoflavones may have bioactivity–they
inhibit tyrosine kinases, have antioxidant activity, bind to

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 887
and activate peroxisome proliferator regulators alpha and
gamma, inhibit enzymes in steroid biosynthesis, strongly
influence natural killer cell function and the activation
of specific T-cell subsets, and inhibit metastasis. These
various properties may explain the much lower incidence of
hormonally-dependent breast cancer in Asian populations
compared to Americans and Europeans.
“History: History The soybean is a member of the
leguminosae family, plants that form root noodles that
house nitrogen-fixing soil bacteria (Rhizobia) in a symbiotic
relationship, an event that is essential for life on this planet.
Legumes have been used in a crop rotation system to restore
the nitrogen in the soil on ground used for agriculture. The
soybean, now called Glycine max, has had a long history
as a domesticated plant, with records of its use as far back
as the eleventh century BC in China. Missionaries took it
into Korea and Japan in the third and fourth centuries AD
[1=Hymowitz 1990]. It did not reach Europe until 1739
in Paris and 1790 in Kew gardens in London [1]. The first
recorded use in the United States was in 1765 in Savannah,
Georgia [1]... In 1960, the annual world production of
soybeans was 27 million tons, with 69% being grown in the
United States. By 2007, annual world production had risen
to 206.4 million tons with nearly 90 million tons grown in
Brazil and Argentina.
“Isoflavone Biosynthesis: The signals released by
the soybean that attract the rhizobial bacteria are the
isoflavonoids [3=Rolfe 1988] These are a subclass of the
much more common flavonoids. These in turn are members
of the large family of polyphenols that are widely found in
plants. Isoflavonoids are formed by the same biosynthetic
pathway for flavonoids [4]. First, phenylalanine reacts
with malonyl CoA to form 4-hydroxycinnamoyl CoA
(Fig. 1). Chalcone synthase catalyzes the reaction of this
intermediate with three more molecules of malonyl CoA
to form isoliquiritigenin or naringenin chalcone. Chalcone
isomerase catalyzes the ring closure of the heterocyclic
ring. Isoflavone synthase introduces a 2-hydroxyl group,
which in turn is removed by an isoflavone dehydratase to
yield daidzein (7,4’-dihydroxyisoflavone) and genistein
(5,7,4’-trihydroxyisoflavone) (Fig. 1). The biosynthesis of
glycitein (7,4’-dihydroxy-6-methoxyisoflavone), a major
isoflavone in the soy germ (hypocotyls) is not understood.
The numbering scheme for isoflavones is shown in Figure 2.
“Isoflavones in the soybean are converted to 7-O-glucosides by a glucosyltransferase and then to their
6"-O-malonates by a malonyl transferase. This chemical
form is stored in vacuoles until used by the plant and is the
major form in harvested soybeans. Although the yellow
or black soybeans are the most familiar forms, an early
harvesting before ripening results in a green immature
soybean. This is cooked by boiling still in the pod and is
served as edamame. It has similar levels of isoflavones to the
yellow and black soybeans [5, 6].

"Soy Foods in Asia: Although soybean-containing foods
have become more popular in the United States over the past
50 years, they are in general quite different from the forms
of soy consumed in Asia [7]. Unlike American soy foods,
the latter are often fermented. Soybeans are converted using
microorganisms to miso (added to soups and stews in Japan),
soy paste (in Korea) and tempeh (with a texture like meat
in Indonesia). Soy sauce is another familiar soy product
and is made either by acid hydrolysis (no isoflavones)
or by prolonged fermentation. The proteins and lipids in
soybeans are extracted with boiling water to form soy milk,
an important alternative to mother's milk in countries with a
high incidence of lactase insufficiency. Soymilk is curdled to
prepare tofu, which can be pressed to remove water. Tofu can
be fried or added to numerous other dishes.
"Soy Foods in the United States: In the United States,
soybeans are grown mostly as a source of edible oil using
a hexane extraction approach (Fig. 3). The defatted soy
flour is enriched in protein (50% by weight). This has been
traditionally used as the protein source in domesticated
and research animal diets [8]. The soy flour is heated to
produce a variety of related products–this includes toasting
at 250ºC. These are used in many bread and cake products,
particularly in doughnuts. Soy flour is washed with water
to remove soluble carbohydrates–this creates soy protein
concentrate, which contains 70% protein by weight (Fig. 3).
Alternatively, soy flour is extracted with hot, aqueous 65%
alcohol to remove carbohydrates, lipids, and other small
molecules, including the isoflavones (also color and taste).
This is another form of soy protein concentrate. Both the
soy protein concentrates can be extruded to form textured
soy protein, another meat-like product. Soy protein isolate
(SPI), >92% protein, is prepared by first solubilizing the
proteins in soy flour with a mild alkaline extraction (leaving
behind complex carbohydrates and lipids) and precipitating
the proteins by lowering the pH to 4.5 (Fig. 3). The soluble
sugars remain in solution. SPI is found in many canned
food products. It's added to improve the appearance of the
food. It is also widely used by serious athletes who are on
low-fat, high-protein diets. It's also used to prepare low-fat
forms of soymilk. As in Asia, these soymilks are converted
to tofu. However, this is typically done aseptically producing
shelf-stable products. In a recent development, soy products
are being made where microorganisms that hydrolyze the
isoflavones are added to soy protein preparations.
"Hidden Soy in Foods: Just as for those who suffer
from peanut or milk allergies, there are those for whom
avoiding soy is essential. And with the widespread presence
of soy in food products, this can be a difficult task. Read the
food labels carefully–a product having added 'hydrolyzed
vegetable protein,' or just 'vegetable protein' contains soy.
Besides the clearly labeled new 'soy' foods (soy cheese, soy
ice cream, soy yoghurt), soy can turn up in strange, but often
familiar places. For instance, a soy-based batter is used to
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coat doughnuts-it provides the needed mouth-feel. When
roasting the Christmas turkey, the expectation is that cooking
will produce profuse gravy-to ensure that will happen,
producers pump a solution of SPI into the turkey before
it is sold. In some brands of canned tuna, the tuna meat is
soaked in a soy broth. Chili often has added soy protein.
Energy bars that are low-fat and high in protein may contain
SPI. Licorice and licorice teas and most meatless products
contain significant amounts of isoflavones. Extensive
lists of common foods and their isoflavone content have
been published [9, 10]. There is also a compilation of the
isoflavone content of foods provided by a study funded by
the U.S. Departments of Agriculture and the Army that can
be obtained from the following website:
< http://www.nal.usda.gov/fnic/foodcomp/Data/isoflav/
isoflav.html >
The contents continues: Changing chemistry of the
isoflavones in foods. Other foods or supplements containing
isoflavones (especially the American groundnut, Apios
Americana), and the root of kudzu (Pueraria lobata).
Absorption, metabolism and excretion of isoflavones.
Mechanisms of action of isoflavones (“A new chapter in
estrogen action was opened in 1996 with the discovery of”
estrogen receptor beta, by Kuiper et al. It was related to
estrogen receptor alpha, which is located on chromosome 6,
it was instead located on chromosome 14). Address: Dep. of
Pharmacology & Toxicology, MCLM 452, Univ. of Alabama
at Birmingham, Birmingham, AL 35294.
2899. Cober, Elroy R.; Molnar, S.J.; Charette, M.; Voldeng,
H.D. 2010. A new locus for early maturity in soybean. Crop
Science 50(2):524-27. March. [16 ref]
• Summary: “The genetic model for maturity in soybean...
is a series of near-isogenic lines, but they do not span the
natural variation for early maturity. The objectives of this
study were to determine if a single gene in OT98-17 controls
early maturity and if this is...” Address: Eastern Cereal and
Oilseed Research Centre (ECORC), Agriculture and AgriFood Canada, Building #110, Central Experimental Farm,
Ottawa, ON K1A 0C6, Canada.
2900. Cober, Elroy R.; Morrison, M.J. 2010. Regulation
of seed yield and agronomic characters by photoperiod
sensitivity and growth habit genes in soybean. Theoretical
and Applied Genetics (TAG) 120(5):1005-12. March. [29 ref]
• Summary: “Soybean genotypes are adapted to narrow
bands of latitude due to photoperiod sensitivity. There are
several photoperiod-sensitive loci (E1, E2, E3, E4, E5, E6,
E7, E8). Determinate and indeterminate growth habits are
controlled by a single locus. The objective of our research
was to examine the effects of photoperiod sensitivity and
growth habit alleles on seed yield and other agronomic
characters using isogenic lines.” Address: Eastern Cereal and
Oilseed Research Center, Agriculture and Agri-Food Canada,

960 Carling Avenue, Ottawa, ON K1A 0C6, Canada.
2901. Cober, Elroy R. 2010. How important have day-neutral
/ photoperiod insensitive soybean varieties been in the
movement of soybeans northward in Ontario? (Interview).
SoyaScan Notes. June 11. Conducted by William Shurtleff of
Soyinfo Center.
• Summary: Day-neutral (also called photoperiod
insensitive) varieties and their genes have played a
supporting role but not the leading role in helping
soybeans to move northward. The leading role has been
played by earliness traits and genes. Actually, the two are
interconnected.
There is a series of 8-15 maturity genes in soybean; at
each one of those maturity genes you can have a late version
or an early version. It’s like two-way switch that is switched
to either late or early. As you accumulate genes that have
early versions, you get earlier and earlier. The day-neutral
genes are a subset of the maturity genes. Some of these
genes we recognize because they provide day neutrality.
It’s different language but it refers to the same thing. Day
neutral is early. We talk about “day neutral” because it is
something that we can see, and it is dramatic. It was talked
about before we had a clear understanding of the individual
genes. We breeders still talk about it some because it’s easy
to characterize. We grow the soybean plants in a place where
they receive 20-hours a day of sunlight. If they flower and
mature normally, we call them “day neutral” or “photoperiod
insensitive.” Twenty hours is a recognized cut-off point
because it is so extreme. That concept of 20 hours started
to be used in the early 1980s. Harvey Voldeng and Richard
Buzzell (at the Harrow Research Station) did work on
that. There are two genes that are important for the trait of
day neutrality, and both must be switched to early. It gets
complicated. Examples of important soybean varieties that
are day neutral in Ontario are Maple Presto (the first such
variety released) and Maple Ridge. Maple Presto and Maple
Ridge are now grandparents of the varieties widely grown
today. The leading soybean varieties today are recognized
for their earliness and not so much for their day neutrality.
Today “day neutrality” is sort of trick that breeders use to
get an easy handle on earliness. If a soybean variety has day
neutrality, then its offspring are going to have a better chance
of maturing early.
Most farmers have switched over to Roundup-Ready
soybeans from publicly-bred soybeans so it’s hard for Dr.
Cober to know what is going on in the genetics of these
privately bred soybeans. The Roundup Ready traits have
nothing to do with earliness. In Canada today, privately bred
Roundup Ready soybeans have about 50% of the market
and publicly bred soybeans have the other 50%. Roland is
publicly bred and adapted for Manitoba but it does not play
such an important role because Manitoba farmers grow
mostly Roundup Ready soybeans rather than “conventional
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soybeans.” Two of Dr. Cober’s new natto varieties that are
very early and well adapted to Mannitoba are also daylength
insensitive. He breeds these natto soybeans to give farmers in
the north the option of participating in that premium market
in Japan.
Dr. Cober’s focus as a soybean breeder in Ottawa is
on specialty type soybeans–meaning natto, high protein,
and tofu. They have a tofu lab in Ottawa that tests their
tofu soybeans. The grain quality person at Ottawa, Judith
Frégeau-Reid, contacted Soyinfo Center recently to ask
questions about evaluating tofu quality.
Dr. Harvey Voldeng, former soybean breeder at Ottawa
adds (June 11): Of the old varieties, either Portage (from B.
Stefansson in Manitoba) or the variety Acme (from Ottawa)
were probably photoperiod insensitive. This was not known
at the time the varieties were released; but when they were
tested later, they were found to be insensitive. Address:
Soybean Breeder, Agriculture Canada, Central Experimental
Farm (CEF), Building #110, Ottawa, ONT K1A 0C6,
Canada. Phone: 613-759-1610.
2902. Shike, Jennifer. 2010. Bernard breeding better
edamame at 83 (News release). College of Agricultural,
Consumer, and Environmental Sciences (ACES), Univ. of
Illinois at Urbana-Champaign. 2 p. June 16.
• Summary: “At the age of 83, when many people have
long since retired, University of Illinois researcher Richard
Bernard unveiled his 14th variety of Gardensoy edamame.
“Bernard has been breeding soybeans and edamame, or
vegetable soybeans, since 1954. And he has no intentions of
stopping now.
“In fact, after the release of Gardensoy 51, he is looking
ahead to his next projects: developing varieties that have
higher protein content, higher concentration of omega-3 fatty
acid, and creating varieties that do not have the genes that
cause allergic reactions.
“Bernard’s fascination with edamame began in the
1930s and 1940s when edible soybeans were a popular
vegetable being pushed in the United States for their nutritive
value.
“’As a boy, I was curious and tried them,’ Bernard said.
‘I’ve been enjoying them ever since. The first varieties I
tried were Etum and Tastee, and they are still among my
favorites.’
“A city kid from Detroit, Bernard grew up working in
an auto factory before joining the army. After the war, he
was hitchhiking through southwestern Illinois when a farmer
stopped and picked him up.
“’The farmer mentioned soybeans, and I had to ask what
they were,’ Bernard said. ‘He hit the brakes and made me go
out in the field and take a look. That was my first experience
with soybeans. Little did that farmer know what he was
starting when he stopped the truck and took me out into that
field.’

“Bernard went on to obtain his bachelor’s and master’s
degrees from The Ohio State University, and his Ph.D. from
North Carolina State University where he studied peanuts. At
NC State, he worked next door to Herbert Johnson who was
leading USDA soybean breeding efforts nationwide at the
time.
“Johnson later hired Bernard as a USDA research
agronomist at the U of I, where he coordinated northern
regional testing for soybean varieties and became the curator
of the U.S. Germplasm Collection.
“’I developed varieties of soybeans for Illinois farmers,’
Bernard said. ‘The majority of Midwest acres planted in the
1960s and 1970s were my varieties.’
“One accomplishment in particular stood out in
Bernard’s mind. ‘Back then, a cultivar named ‘Harosoy’ was
widely grown,’ he said. ‘It was probably the most susceptible
to Phytophthora root rot–a devastating disease that had
recently hit the area.’
“Bernard backcrossed in a gene for resistance to the
disease, resulting in Harosoy 63. This variety saved farmers
a lot of money.
“In the 1980s, he began breeding edamame as a hobby
with a goal to develop ‘especially good eating’ large-seeded
edamame with higher protein content. He also wanted to
develop edamame that would grow well in Illinois.
“’Large-seeded edamame have a better mouth feel for
eating,’ Bernard explained. ‘Those varieties mainly come
from Japan and Korea, but they tend to be prone to shattering
and susceptible to diseases. I wanted to create edamame
varieties with improvement in those areas.’
“Bernard released the first six edamame varieties in
2000, followed by seven more in 2002. He named them
Gardensoy with numbers following to reflect the soybean
maturity group and release order. His latest release, classified
in soybean maturity group V, adds a later-maturing variety
to the mix and will be the last one to harvest before the frost
hits.
“’For years, I mailed out free seed packets for people
to grow Gardensoy in their home gardens,’ he said. ‘Most
people have a hobby that costs them money. I consider that
the price of mine.’
“Overcoming misconceptions about eating soybeans
has been Bernard’s greatest challenge in breeding edamame
over the years. ‘People are harder to change than soybeans,’
Bernard said. ‘In the Midwest, people have been slower to
accept edamame, despite its great taste and nutritional value.’
“As more and more people learn about the great taste,
convenience and nutritional benefits of this complete protein
vegetable, demand for edamame has increased. However,
most of the demand has been met through the import of
product from China, said Theresa Herman, U of I research
specialist.
“Gardensoy varieties are perfect for growing in gardens,
Bernard said. Due to harvesting and storage challenges, only
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a few operations in the United States are currently producing
edamame on a large scale. However, consumer interest is
quickly increasing along with the number of farmers growing
edamame to sell at farmer’s markets.
“’The U.S. edamame industry has yet to take off in a
big way, but with increasing demand, sustainability of local
production is more and more likely,’ Herman said. ‘As more
edamame are grown and consumed in the U.S., it remains
to be seen whether the Gardensoy varieties will be chosen
favorites. However, Dr. Bernard will always be in the group
of pioneers who saw the potential of this crop in the U.S.–
for human health and for grower profit.’” Address: Urbana,
Illinois.
2903. Showkat, M.; Tyagi, S.D. 2010. Correlation and path
coefficient analysis of some traits in soybean (Glycine max
L. Merrill.). Research J. of Agricultural Sciences (India)
1(2):102-06. April/June. *
2904. Egli, Dennis B. 2010. Soybean yield physiology:
principles and processes of yield production. In: Guriqbal
Singh, ed. 2010. Soybean: Botany, Production and
Uses. Wallingford, Oxfordshire, UK, and Cambridge,
Massachusetts: CAB International (CABI). xii + 494 p. See
p. 113-41. Chap. 6. [157 ref]
• Summary: Contents: Introduction. Vegetative growth
(phase I). Flowering and pod set (phase II). Seed filling
(phase III). Determination of yield. Future yield growth.
Address: Dep. of Plant and Soil Sciences, Univ. of Kentucky,
Lexington, KY, USA.
2905. Kumudini, Saratha. 2010. Soybean growth and
development. In: Guriqbal Singh, ed. 2010. Soybean:
Botany, Production and Uses. Wallingford, Oxfordshire, UK,
and Cambridge, Massachusetts: CAB International (CABI).
xii + 494 p. See p. 48-73. Chap. 3. [82 ref]
• Summary: Contents: Introduction. Vegetative and
reproductive morphology: Leaves, stems, roots, flowers,
pods and sees. Growth and development: Seed germination
and seedling development, vegetative development,
reproductive development, maturity and senescence.
Summary. Address: Dep. of Plant and Soil Sciences, Univ. of
Kentucky, Lexington, KY, USA.
2906. Mishra, S.K.; Verma, V.D. 2010. Soybean genetic
resources. In: Guriqbal Singh, ed. 2010. Soybean: Botany,
Production and Uses. Wallingford, Oxfordshire, UK, and
Cambridge, Massachusetts: CAB International (CABI). xii +
494 p. See p. 74-91. Chap. 4. [46 ref]
• Summary: Contents: Introduction. Taxonomy and
distribution. Centres of diversity. Germplasm collection and
introduction. Germplasm evaluation and documentation.
Germplasm registration. Germplasm conservation.
Utilization of germplasm. Future perspectives: Need to

research poor seed germinability / viability, photo-thermo
insensitivity, earliness for specific situations, pod shattering,
high yield and high protein, cold tolerance, oil quality,
Kunitz trypsin inhibitor and lipoxygenase, vegetable type,
insect pest resistance. Address: 1. Germplasm Evaluation
Div., National Bureau of Plant Genetic Resources, Pusa
Campus, New Delhi, India; 2. National Bureau of Plant
Genetic Resources, Regional Station, Phagli, Shimla,
Himchal Prasesh, India.
2907. Singh, Guriqbal. ed. 2010. Soybean: Botany,
production and uses. Wallingford, Oxfordshire, UK, and
Cambridge, Massachusetts: CAB International (CABI). xii +
494 p. Illust. Map. Index. 25 cm. [1628 ref]
• Summary: See next page. An excellent book. Contains 20
chapters by various authors; each is cited separately.
Contents: About the editor. Contributors. Preface.
Part I: History and Importance. 1: The Origin and
History of Soybean. 2: The Role of Soybean in Agriculture.
Part II: Botany, Genetics and Physiology. 3: Soybean
Growth and Development. 4: Soybean Genetic Resources.
5: Varietal Improvement in Soybean. 6: Soybean Yield
Physiology: Principles and Processes of Yield Production.
Part III: Production. 7: Agro-techniques for Soybean
Production. 8: Nutrient Management in Soybean. 9:
Water Management in Soybean. 10: Weed Management in
Soybean. 11: Biological Nitrogen Fixation in Soybean. 12:
Storage of Soybean.
Part IV: Protection. 13: Diseases of Soybean and
Their Management. 14: Insect Pests of Soybean and
Their Management. 15: Nematodes of Soybean and Their
Management. Part V: Utilization. 16: Soybean Processing
and Utilization. 17: Nutritional Value of Soybean. 18:
Uses of Soybean: Products and Preparation. 19: Vegetable
Soybean. Part VI: Marketing and Trade. 20: Global Soybean
Marketing and Trade: a Situation and Outlook Analysis.
On the back cover the publisher states: “The soybean is
a crop of global importance and is one of the most frequently
cultivated crops worldwide. It is rich in oil and protein and
is used for both human and animal consumption as well as
for industrial purposes, such as biofuels. Soybean crops also
play an important role in crop diversification and benefit
other crops by adding nitrogen to the soil during crop
rotation.
“With contributions written by researchers from around
the world, The Soybean provides a concise coverage of
recent research on all aspects of this significant crop.
Chapters discuss the history and importance of soybean
production in agriculture, followed by details of the plant’s
physiology and developments in breeding and genetics. The
diverse cropping systems used in production are highlighted
alongside crop management and protection strategies.
Technology for processing and utilization, soybean’s
nutritional value and the outlook for global marketing and
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trade are also addressed. Drawing together advances in
soybean research, this book will be an essential resource for
researchers in plant science, crop science and horticulture.”
Note: The references at then end of some chapters are
hard to understand because: (1) Chinese and other nonEnglish journal titles are not given, but are simply translated
into English. (2) Chinese and other non-English book titles
are not given, but are simply translated into English. (3) The
language of non-English documents is not given. Address:
Senior Agronomist (Pulses), Dep. of Plant Breeding and
Genetics, Punjab Agricultural Univ., Ludhiana, India.
2908. Hymowitz, Ted. 2010. The growth habit of soybeans
related to maturity group of origin, maturity group where
grown, distance between seeds when planted, etc. Growth
habit, determinate / indeterminate, and use as forage
(Interview). SoyaScan Notes. Oct. 22. Conducted by William
Shurtleff of Soyinfo Center.
• Summary: If a soybean is planted outside the maturity
group to which it belongs, it will usually have a procumbent
(viny) growth habit rather than an erect one. The plant
just keeps growing, but never flowers. It depends also
upon whether the plant has been moved to the south of the
maturity group to which it belongs, or to the north. If you
move it out to the south, it just keeps growing because it
never receives the number of hours of darkness necessary
for flowering. The soybean needs, in its zone of adaptation,
a certain number of hours of darkness before it will start
flowering (before floral induction). For example, a soybean
in Minnesota starts flowering when it gets, say, 17-18 hours
of sunlight, but a soybean in Florida starts flowering when it
receives, say, 13-14 hours of sunlight.
This is phenology, completely different from
indeterminate / determinate, which is a genetic trait.
Note: The way that photoperiod applied to soybeans was
not understood until the work of Garner and Allard in 1920.
The term “maturity group” was not understood clearly until
about 1936.
In 1907 Ball (an agronomist at the USDA) wrote “Soy
Bean Varieties” in which he gave a detailed description of
each of the named soybean varieties imported to the USA up
to that time. This description included such things as seed
color, seed shape, stem diameter, height of plant (range and
average), etc. Remember that the height and growth habit
was dependent on the place where it was introduced from
and where it was planted when he described it.
The early soybean varieties were used mostly for forage,
so they were mostly procumbent (viny, trailing along the
ground), not erect, as most are today. Soybeans had to be
bred for erectness, especially after the advent of the combine
in 1924. They were also bred to synchronize their flowering
and their maturity.
When Dorsett and Morse collected soybeans in East
Asia (1929-1931) most of the soybeans they saw growing

there were not erect–with the exception, perhaps, of those in
Manchuria and northern Japan, which have a short growing
season so they stopped growing.
There are some plants, such as the cowpea and the
peanut, which are always procumbent; its part of their basic
nature. Address: Prof. of Plant Genetics (retired), Dep. of
Crop Sciences, Univ. of Illinois, Urbana, Illinois.
2909. Johnson, Bill; Young, B.; Matthews, J.; et al.
2010. Weed control in dicamba-resistant soybeans. Crop
Management 9(1). Dec. doi:10.1094/CM-2010-0920-01-RS
[10 ref]
• Summary: “Abstract:... Preemergence (PRE) dicamba at
0.25 lb per/acre provided less than 60% control of smooth
pigweed, giant ragweed, velvetleaf, palmer amaranth,
waterhemp, and morningglory spp., but 97% control
of common lambsquarters and horseweed at 3 weeks
after treatment (WAT). Preemergence flumioxazin plus
chlorimuron or sulfentrazone plus cloransulam provided
66 to 100% control of these weeds. Use of dicamba
postemergence (POST) improved uniformity of control of
velvetleaf, smooth pigweed, morningglory, and glyphosatesusceptible waterhemp. However, combining dicamba at
0.25 lb/acre with glyphosate resulted in 30% to 65% greater
control of glyphosate-resistant palmer amaranth, glyphosateresistant common waterhemp, glyphosate-resistant
horseweed, and glyphosate-resistant giant ragweed compared
to sequentially applied glyphosate.” Address: 1. Prof. Purdue
Univ., West Lafayette, Indiana 47907.
2910. Zhang, Lingxiao; Chen, Y.; Wu, C.; Han, T. 2010.
Comparison of soybean variety trial systems and procedures
in the USA and China. Crop Management 9(1). Dec.
doi:10.1094/CM-2010-0405-01-RV [24 ref]
• Summary: “This paper is intended to introduce, explain,
and compare the systems of soybean variety trials in the
United States and China so that soybean researchers and
other interested parties can understand the role of the
soybean variety development procedures in these two
countries. This will help soybean scientists, including
breeders, to understand both production and variety trial
systems and communicate effectively with each other.”
Address: 1. Delta Research and Extension Center, 82
Stoneville Road, Stoneville, Mississippi State Univ.,
Mississippi State, MS 38776.
2911. Place, G.T.; Reberg-Horton, S.C.; Carter, T.E., Jr.;
Smith, A.N. 2011. Effects of soybean seed size on weed
competition. Agronomy Journal 103(1):175-81. Jan. [44 ref]
• Summary: “Organic soybean... producers must rely
on various, nonherbicidal tactics for weed management.
Increased soybean seed size may be one method to increase
the competitiveness of the soybean canopy. Soybean varieties
Hutcheson, NC-Roy, and NC-Raleigh were separated into
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four or five seed size classes. Seed sizes ranged from 5.15 to
6.75 mm diam.”
“Results suggest that use of larger planting seed may
improve weed control in organic soybean production.”
Organic soybean production is increasing each
year. “Farmers making the transition to organic soybean
production cite weed management as their most important
challenge (Cavigelli et al., 2008; Walz, 1999, p. 19-47).”
Address: 1-2&4. Crop Science Dep., 1114 Williams Hall,
Campus Box 7620, North Carolina State Univ., Raleigh, NC
27605-7620.
2912. Ng, Tzi-Bun. ed. 2011. Soybean: Biochemistry,
chemistry and physiology. Rijeka, Croatia: InTech. 642 p.
Free, open access online publication.
• Summary: This book is composed of 34 chapters, all open
access and peer reviewed. Chapter 18 is “Fermented Tofu,
Tofuyo,” by Masaaki Yasuda.
2913. Egli, Dennis B. 2011. Time and the productivity of
agronomic crops and cropping systems. Agronomy Journal
103(3):743-50. May. [117 ref]
• Summary: “Higher grain yield will be needed in the future
(Fischer and Edmeades, 2010) to feed a burgeoning world
population with a rising standard of living that requires
more grain per capita (Hubert et al., 2010). Diverting land to
biofuel production will require even larger increases in yield
to match the growth in demand (Henry, 2010). Focusing our
attempts to increase yield only on processes involving rate is
too restrictive to meet these challenges;...” Address: Dep. of
Plant and Soil Sciences, Univ. of Kentucky, Lexington, KY.
2914. Berbille, Hervé. 2011. Re: Chronology of the work of
Leon Rouest with soybeans and soyfoods. Letter (e-mail) to
William Shurtleff at Soyinfo Center, Nov. 14. 2 p.
• Summary: 1872 Nov. 11–Léon Rouest is born in Paris,
France.
He studied agronomy at Paris and Bordeaux, disciple
of Henri Devaux (1862-1956), Professor on the Faculty of
Science at Bordeaux, and was honored in 1906 with the first
chair in plant physiology, which he occupied until 1932.
1905–Installed in Algeria.
1907–Installed in Tunisia as a journalist, then expelled
to Morocco. Spent time in prison–to the delight of the press.
1912-13? Returned to metropolitan France. Named
professor of agriculture and head of practical work at the
School of Agriculture at Saintes (chef de pratique à l’École
d’Agriculture de Saintes); he remained here until he was
called to auxiliary class 92. It was then that he thought of
founding in France experimental regional farms. He was, in
effect, the technician of the fields, in charge of new ideas.
191?–He met Li Yu-ying on the occasion of a visit to
Caséo-Sojaïne at Valées.
1914–He began his activity at the Experimental Farm of

Neoculture of Barthes on the hillside of Lucie-Grazzille, to
the southeast of Villardonnel (a village) close to Carcasonne
(the main city in the departement of Aude).
1921–He publishes (at his own expense): The Soybean
and its Vegetable Milk: Agricultural and Industrial
Applications.
1922–Director of the Neoculture Farm at Luxey
(departement of Landes).
1930-33–Working with soybeans in the Soviet Union.
1936–He writes, with Henri Guerpel, The French
Soybean: Its Agricultural and Industrial Applications.
1938 Feb. 27–He dies at Chartres, France, at age 66.
Address: France.
2915. Qiu, P.C.; Zhang, W.B.; Li, C.D.; Jiang, H.W.; Liu,
C.Y.; Fan, D.M.; Zeng, Q.L.; et al. 2011. [Genetic overlap
of drought-tolerance loci between germination stage and
seedling stage analyzed using introgression lines in soybean].
Acta Agronomica Sinica (Zuo Wu Xue Bao) 37:477-83.
[Chi]*
2916. Vollmann, J.; Walter, H.; Sato, T.; Schweiger, P.
2011. Digital image analysis and chlorophyll metering for
phenotyping the effects of nodulation in soybean. Computers
and Electronics in Agriculture 75:190-95. *
• Summary: “Leaf photosynthesis and rhizobial nitrogen
fixation are the two metabolic processes of utmost
importance to legume growth and development. As these
processes are closely related to each other, measuring of leaf
chlorophyll content can provide information on the...”
2917. Field Crops Team. 2012. New Ontario soybean
maturity map. Field Crop Reports 8:1-3. Feb. 2. http://www.
ontariosoilcrop.org/cropadvances.htm (accessed 3 March
2014)
• Summary: “Purpose: Choosing a soybean variety in
Ontario has traditionally been based on Crop Heat Units
(CHU). The CHU system is used to calculate plant
development based on temperature. This works well for corn,
but is not accurate for predicting soybean maturity. Soybeans
are unique in the way they grow. Development is effected by
temperature as well as day length, or photoperiod. In order
for a soybean plant to begin flowering it requires a minimum
day length as well as adequate temperature, generally the
higher the temperature the faster it will begin to flower. Due
to photoperiod sensitivity, varieties are adapted for growth
in a relatively narrow latitude range...” Address: Field
Crops Team, Agriculture Development Branch Ministry of
Agriculture, Food and Rural Affairs, Ontario, Canada.
2918. Ruen, Jim. 2012. Roots of plant health: Root
physiology tools and agronomic basics aim to reduce stress
and boost yields. Corn and Soybean Digest. Nov. (late). p.
14.
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• Summary: Work to build healthy plant roots. “Proper
seedbed preparation, residue management, adequate
nutrients, the correct variety selection, seed placement, and
good drainage are the fundamentals.” It is important to build
soil organic matter, as with reduced tillage and cover crops.
“The more organic matter, the higher the productivity will be
on any given soil. Cover crops put more organic matter back
in the soils, exude carbon compounds and feed soil biota,
aggregate the soil and improve its physical structure.”
“If you reduce microbial diversity, certain crop diseases
become more prevalent.”
2919. Organic and Non-GMO Report (The) (Fairfield,
Iowa). 2012. Pesticide use increases with GM crops: GM
crops increased pesticide use by 404 million pounds since
1996. No. 128. 4-5. Nov.
• Summary: “A recently published study has found that
pesticide use has increased with genetically modified crops,
disproving claims by biotech proponents that GM crops
reduce pesticide use.
“The study was published by Washington State
University research professor Charles Benbrook, who
examined pesticide use on GM cotton, soybeans, and corn.
“His findings are based on an exhaustive analysis
of publicly available data from the US Department of
Agriculture’s National Agriculture Statistics Service.
Benbrook’s analysis is the first peer-reviewed, published
estimate of the impacts of GM herbicide-tolerant (HT) crops
on pesticide use.
“Herbicide use increased from 1.5 million pounds to 90
million pounds: In the study, which appeared in the peerreviewed journal Environmental Sciences Europe, Benbrook
writes that the emergence and spread of glyphosate-resistant
weeds is strongly correlated with the upward trajectory in
herbicide use. Marketed as Roundup [made by Monsanto]
and other trade names, glyphosate is a broad-spectrum
systemic herbicide used to kill weeds. Approximately 95% of
soybean and cotton acres, and over 85% of corn, are planted
to varieties genetically modified to be herbicide resistant.
“’Resistant weeds have become a major problem for
many farmers reliant on GM crops, and are now driving
up the volume of herbicide needed each year by about 25
percent,’ Benbrook said.
“The annual increase in the herbicides required to deal
with tougher-to-control weeds on cropland planted to GM
cultivars has grown from 1.5 million pounds in 1999 to
about 90 million pounds in 2011. Overall, today’s major
GM crops have increased overall pesticide use by 404
million pounds from 1996 through 2011 (527 million pound
increase in herbicides, minus 123 million pound decrease in
insecticides).
“’Herbicide treadmill’ for farmers The biotechnology
companies’ solution to herbicide resistant weeds is to
introduce new GM crops that are tolerant to older, more

toxic herbicides such as 2,4-D and dicamba. Benbrook
has compared ‘this solution’ to ‘pouring gasoline on a fire’
because weeds will become resistant to these herbicides also.
“’The USDA data is clear that herbicide usage is being
pushed upward and the seed industry’s response to introduce
more herbicide tolerant crops will make the problem worse
and increase resistance. Herbicide tolerant crops are creating
an onramp to a new high powered herbicide treadmill for
farmers,’ Benbrook says.
“Increasing amounts of Bt toxin pose threats to
environment Benbrook also found that from 1996-2011
insect resistant genetically modified Bt corn and cotton
crops reduced insecticide use by 123 million pounds, or
about 28%. However, Benbrook says those gains are being
reversed by insect resistance to the Bt toxin, which is causing
farmers to use more insecticides.
“In addition, biotech seed companies are increasing the
amount of Bt toxin in GM Bt crops from one or two pounds
per acre to nearly four. For example, so-called SmartStax
GM corn produces 3.7 pounds of Bt per acre compared
with 0.3 pounds of insecticides that would be used per acre
without Bt corn. ‘3.7 pounds is a lot of Bt,’ Benbrook says.
Benbrook says this escalation in the amount of toxins used
poses environmental threats, especially since research has
found that Bt can persist in soil and water for nearly six
months after harvest.
“’We should expect some unexpected things to happen
in soils and possibly aquatic ecosystems (as a result of the
increased amounts of Bt),’ he says.”
2920. Wu, C.X.; Li, J.C.; Sha, A.H.; Zeng, H.Y.; Shi, S.;
Yang, G.M.; et al. 2012. Maturity group classification of
reference varieties in national soybean uniform trials of
China. Acta Agronomica Sinica (Zuo Wu Xue Bao) 38:197787. doi:10.3724/SP.J.1006.2012.01977 [Chi; eng]*
2921. Eskandari, Mehrzad; Cober, E.R.; Rajcan, I. 2013.
Genetic control of soybean seed oil: II. QTL and genes that
increase oil concentration without decreasing protein or
with increased seed yield. Theoretical and Applied Genetics
(TAG) 126(6):1677-87. June. [50 ref]
• Summary: “Soybean genotypes are adapted to narrow
bands of latitude due to photoperiod sensitivity. There are
several photoperiod-sensitive loci (E1, E2, E3, E4, E5, E6,
E7, E8). Determinate and indeterminate growth habits are
controlled by a single locus. The objective of our research
was to examine the effects of photoperiod sensitivity and
growth habit alleles on seed yield and other agronomic
characters using isogenic lines.” Address: 1. Dep. of Plant
Agriculture, Crop Science Building, Univ. of Guelph, 50
Stone Road East, Guelph, ON N1G 2W1, Canada.
2922. Roseboro, Ken. 2013. Former genetic engineer now
speaks out against GMO risks: Thierry Vrain, Ph.D. Organic
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and Non-GMO Report (The) (Fairfield, Iowa) No. 134. June.
p. 10-12.
• Summary: Editor’s introduction: “The ‘conversion’ of
former anti-GMO activist Marc Lyons to GMO promoter
has garnered huge media attention, but Thierry Vrain, Ph.D.,
a former genetic engineer who speaks out against the risks
of genetically engineered foods, has far more credibility–
and a far more important story to tell the public.” “Thierry
Vrain’s career has spanned the full range of agriculture–from
being a proponent of ‘chemical’ agriculture and genetic
engineering to being an advocate for organic farming and an
opponent of GMOs. A portrait photo shows Thierry Vrain.
A native of France, Vrain earned an undergraduate degree
in plant physiology from the Universite de Caen and a
doctoral degree from North Carolina State University. After
moving to Canada he taught plant physiology at Université
du Québec in Montreal. Then he worked for 30 years as a
research scientist for the Canadian government in Quebec
and British Columbia where he conducted research on
genetically modified potatoes, among other projects. He was
director of the biotechnology department at the Pacific AgriFood Research Centre in Summerland, BC.
“After 35 years of research and teaching of soil
and molecular biology, Vrain retired to a small farm in
Courtenay, BC called Innisfree. Today, Thierry Vrain is a
gardener, a teacher, and a passionate speaker about organic
gardening–from soil health to GMOs.
Q: “Tell me a little more about your background.”
Thierry Vrain: I worked in three research institutes in
Montreal, Vancouver, and Summerland. I was the head of a
research group using molecular biology tools. We worked
on food crops. I was genetically engineering small fruit and
potatoes for nematode resistance using the snowdrop lectin
gene.
“The genetically engineered apple (now under
regulatory review in the US and Canada) originated in our
group though I wasn’t involved with the research.
Q: “Did you speak publicly in favor of genetic
engineering when you were at Agriculture Canada? Vrain:
Yes, I just took it on as my job. I explained the safety of the
technology to the public and did a good amount of lecturing,
educating small groups.
Q: “What led you to change from a supporter of
genetically modified foods to an opponent?
“Vrain: I have some difficulties with how the
controversy is handled. If you aren’t a scientist you don’t
understand the science. If you are a scientist and discover
things that are of concern, then you are accused of doing
‘pseudoscience’ and often viciously attacked by the industry
and academics on the payroll. This has happened many
times, for example to Arpad Pusztai in England and then
Ignacio Chapela, who discovered GMO contamination in
native corn in Mexico. He was attacked and almost fired
from his post at the University of California. A year later his

findings were confirmed. “There are now quite a number of
research publications, in peer reviewed journals, showing
concerns from feeding GM corn and soy to rats. Those
studies are ignored and shouldn’t be. Federal agencies should
repeat the studies and must test these crops for safety.
“Research scientists from the US Food & Drug
Administration made it clear in the early 1990s that there
could be indirect effects from eating GM crops, such
as toxins, allergens, and nutritional deficiencies. Those
warnings were ignored. Now a good number of publications
are confirming the predictions of the FDA scientists.
“It troubles me that money and the bottom line are
at the root of the use of the technology. Q: “You say that
the science behind genetic engineering is based on a
misunderstanding. Please elaborate on this.
“Vrain: When we started with genetic engineering in
the 1980s, the science was based on the theory that one
gene produces one protein. But we now know, since the
human genome project, that a gene can create more than
one protein. The insertion of genes in the genome through
genetic engineering interrupts the coding sequence of the
DNA, creating truncated, rogue proteins, which can cause
unintended effects. It’s an invasive technology.
“Biotech companies ignore these rogue proteins; they
say they are background noise. But we should pay attention
to them. It must be verified that they produce no negative
effects.
“A key point is that the concern about genetic
engineering should be about the proteins. Many plants and
animals are not edible because their proteins are toxic or
poisonous. To test for the safety of Bt crops, scientists have
mostly fed the pure protein to rats, and there may be no
problem. But it’s different if you feed rats the whole GM
plant because they are getting these rogue proteins that could
cause harm.
“How do you explain published papers describing how
rats and mice suffer organ damage from eating GM corn
or soy? It’s too easy to dismiss those as pseudoscience.
Rats and mice are the canary in the mine, and we should be
paying attention to what happens to them.
Q: “Why don’t more people recognize the
misunderstanding behind genetic engineering?
“Vrain: The human genome project is only 10 years old.
How long did it take for people to recognize that the earth is
not flat?
Q: “And there are many scientists that promote genetic
engineering of foods.
“Vrain: There are a lot of people on the payroll and a lot
of grant money flowing from biotech companies to academia.
I used to be employed by Agriculture Canada. I did my job,
and didn’t question things too much.
Q: “What are some of the other risks you see with
GMOs?
“Vrain: When I hear we need genetic engineering to
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feed the world, I cringe. It turns out that there is no increase
in yield, no decrease use of pesticides, and the process is of
highly questioned safety. Even if genetic engineering was
perfectly safe, I still question it because of genetic pollution.
Organic crops and foods are becoming contaminated.
“I’m also concerned about contamination of the
environment with antibiotic resistant genes. Every GM
crop has these genes. The preliminary evidence we have is
that bacteria in the soil and in the human gut are capable of
picking those genes up. Considering the alarm I hear from
medical people about losing antibiotics, I think this should be
a serious concern.
Q: “What about the GMO apple that may be
commercialized? Vrain: There’s no research or toxicity tests
to show that it’s not toxic. I question whether it’s useful. It’s
not different from what other biotech companies do, which
is to put out a product and make money. Apple growers,
conventional and organic, are very concerned that people
will reject their products if a GM apple is introduced.
“The apple is a symbol of health. An engineered apple
does not have the same health appeal, and the industry
knows that.
Q: “What led you to favor organic agriculture?
“Vrain: I used to be a soil biologist and focused on
fertilizers and pesticides. When I retired I started to look
around and, quite frankly, the organic side of soil biology
made more sense than what I had taught. Industrial
agriculture relies on inputs that are good for the chemical
industry. Unfortunately, we have evidence that inputs are
degrading soil biodiversity. Industrial agriculture completely
ignores the ecology of the soil.
“When I was a soil biologist I would look at the
biodiversity of the soil. I would see a big difference between
industrial farms and organic farms, which had far more
species of soil microfauna, microscopic ‘animals’ and
nematodes, what I call biodiversity.
Q: “Tell me about the work you’re doing now with
Innisfree Farm.
“Vrain: It’s a small farm, a demonstration garden. My
wife is an herbalist, and we grow medicinal plants. Young
students come and learn about medicinal plants and organic
growing.
“It’s my retirement project. I say I’m atoning for my
sins.” Address: Editor, Organic and Non-GMO Report.
2923. Yari, Vahid; Frnia, A.; Maleki, A.; Moradi, M.; Naseri,
R.; Ghasemi, M.; Lotfi, A. 2013. Yield and yield components
of soybean cultivars as affected by planting date. Bulletin of
Environment, Pharmacology and Life Sciences 2(7):85-90.
June. [17 ref]
• Summary: “In order to investigate the effect of planting
date on yield and yield components of four soybean
cultivars, an experiment was conducted based on split plot
in randomized complete block design with four replications

in Agricultural Research Station in Ilam province, Iran in
2011-2012 growing season. Factors of experiment consisted
of four planting dates (20 June, 30 June, 1 May, 10 May) and
cultivars were consisted of four soybean cultivars (M7, M9,
L17 and Williams). Result of this experiment showed that the
effect of planting data and cultivars on yield and component
was significantly effect. Planting date on plant height, seed
weight, seed yield, and biological yield had a significant
effect, so that the maximum plant height, seed weight, seed
yield, biological yield was on 10 May. Cultivars effect was
significant for all studied traits. Williams cultivar due to the
number of pods per plant, seed weight, seed yield, biological
yield was higher than other varieties. Interaction effect
between planting date and cultivars on seed yield, 100-seed
weight and plant height was significant. The highest seed
yield (3107 kg per ha) was gained on 10 May with Williams
varieties. In general, the results of this study indicated that
planting date of 10 July and Williams cultivar were suitable
for soybean planting in the Ilam region.” Address: Islamic
Azad University, Broojerd Branch, Iran.
2924. Ablett, G.R.; Beversdorf, W.D.; Dirks, V.A. 2013.
Row width and seeding rate performance of indeterminate,
semideterminate, and determinate soybean. J. of Production
Agriculture 4(3):391-95. July/Sept. [23 ref]
• Summary: “Abstract: In the northern-soybean-producing
areas of the USA and Canada, indeterminate (IND) soybean
cultivars predominate. Over the last several years, soybean
cultivars with semideterminate (SDT) or determinate (DET)
stem termination type have been developed, however, basic
agronomic information is limited for these types in the
Maturity Group I to II soybean growing areas of southern
Ontario.” Address: Ridgetown College of Agricultural
Technology, Ridgetown, Ontario.
2925. Jiang, Bingjun; Yue, Y.; Gao, Y.; Ma, L.; Sun, S.;
Wu, C.; Hou, W.; Lam, H.M.; Han, T. 2013. GmFT2a
polymorphism and maturity diversity in soybeans (Open
Access). PLoS ONE 8:e77474. Oct. 14. [35 ref]
• Summary: “Background: Soybean is a short-day crop
of agricultural, ecological, and economic importance.
The sensitive photoperiod responses significantly limit
its breeding and adaptation. GmFT2a, a putative florigen
gene with different transcription profiles in two cultivars
(late-maturing Zigongdongdou and early-maturing Heihe
27) with different maturity profiles, is key to flowering
and maturation. However, up to now, its role in the diverse
patterns of maturation in soybeans has been poorly
understood.
“Methods: Eighty varieties, including 19 wild
accessions, covering 11 of all 13 maturity groups, were
collected. They were planted in pots and maintained
under different photoperiodicity conditions (SD, short
day; LD, long day; and ND, natural day). The day to first
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flowering was recorded and the sensitivity to photoperiod
was investigated. Polymorphisms in the GmFT2a coding
sequence were explored by searching the known SNP
database (NCBI dbSNP). The GmFT2a promoter regions
were then cloned from these varieties and sequenced. Further
polymorphism and association analyses were conducted.
“Results: These varieties varied greatly in time to first
flowering under ND and exhibited a consecutive distribution
of photoperiod sensitivity, which suggested that there is
rich diversity in flowering time. Furthermore, although
GmFT2a had only one known synonymous SNP in the
coding sequence, there were 17 haplotypes of the GmFT2a
promoter region, HT06 of which was extremely abundant.
Further association analysis found some SNPs that might
be associated with day to first flowering and photoperiod
sensitivity.
“Conclusion: Although GmFT2a is a key flowering
gene, GmFT2a polymorphism does not appear to be
responsible for maturity diversity in soybean.” Address: 1.
MOA Key Lab. of Soybean Biology (Beijing), Inst. of Crop
Sciences, The Chinese Academy of Agricultural Sciences,
Beijing, China.
2926. Bowley, Patricia M. 2013. A century of soybeans:
Scientific research and mixed farming in agricultural
southern Ontario, 1881-1983. PhD thesis, University of
Guelph. 259 p. 28 cm.
• Summary: From the author’s page: “This thesis is an
investigation of the history of scientific field crop agriculture
in Ontario from 1881 to 1983, with soybeans as the case
study crop. Four chronological time periods, each with
different economic, social, environmental and social
challenges, are identified. In each period, the introduction
and development of soybeans from an exotic curiosity to a
commodity of major economic and agronomic importance
coincided with significant changes in mixed farming. During
the first period (1881 to 1925), scientists and educated
farmers improved soybeans, and the first variety was
registered and released in Canada. In the second period
(1925 to the late 1930s), discourse and activity among
plant breeders, educated farmers, processors and politicians
failed to overcome economic and environmental challenges
to replacing more familiar field crops with soybeans, and
acreages remained small. The third period (late 1930s to the
early 1950s) encompassed World War II, when a shortage
of oilseeds stimulated the demand for soybeans. Producers
responded by organizing the Ontario Soya-Bean Growers’
Marketing Board and joining the Ontario Crop Improvement
Association. Specialized agricultural scientists applied
plant physiology and molecular biology to weed control
and breeding. During the fourth period (1950s to 1983),
soybean acreages increased: in the 1960s, high-yielding
varieties with disease resistance were widely planted in
southwestern Ontario and the northern USA. By the 1970s,

short-season varieties with tolerance to low temperatures
spread through eastern Ontario. Research and experiment
were part of a public and private sector network of cooperation and support between farmers and scientists, as both
groups renegotiated the complex relationship between field
crop agriculture and Ontario’s environment. Improvements
were achieved by scientists at public institutions and freely
communicated through extension programs. Farmers used
recommendations as guidelines to increase efficiency on their
own farms. With the post-war period, agribusiness became
the context in which crop production occurred. This included
private seed companies, which exploited public research to
market improved seeds and supporting products as profitable
business. In 1983, King Agro released a soybean variety,
shifting the balance of research and production from public
to private enterprise, and signalling the end of mixed farming
in Ontario.”
2927. Cavassim, José Elzevir.; Filho, J.C.B.; Alliprandini,
L.F.; Oliveira, R.A.D.; Daros, E.; Guerra, E.P. 2013.
AMMI analysis to determine relative maturity groups for
the classification of soybean genotypes. J. of Agronomy
12(4):168-178. [30 ref]
• Summary: “Abstract: The classification of soybean
cultivars into distinct maturity groups has great importance
for their evaluation, selection and production in major
soybean-growing regions of the world. The objective of
this study was to identify stable soybean genotypes and
classify them into Relative Maturity Groups (RMGs) by
evaluating 20 commercial soybean cultivars using data
from 17 environments across the main regions of Brazil
for the following three traits: The number of days to
flowering, the number of days to maturity and the length
of the reproductive period. The evaluation was performed
according to the additive main effects and multiplicative
interaction (AMMI) method...” Address: Dep. of Plant
Science and Crop Protection, Federal Univ. of Parana,
Curitiba, Brazil; State Univ. of Center-West (Unicentro),
Guarapuava, Brazil.
2928. Cavassim, José Elzevir; Filho, J.C.B.; Alliprandini,
L.F.; Oliveira, R.A.D.; Daros, E.; Guerra, E.P. 2013. Stability
of soybean genotypes and their classification into relative
maturity groups in Brazil (Open Access). American J. of
Plant Sciences 4(11):2060-69. doi:10.4236/ajps.2013.411258
[26 ref]
• Summary: “Abstract: The stability of soybean genotypes
is very important in breeding programs for not only the
evaluation, selection, and production of cultivars but also the
establishment of parameters required for the classification
of genotypes into relative maturity groups (RMG). The aim
of this study was to define stable genotypes for traits, such
as days to flowering, days to maturity, and length of the
reproductive period, and to classify them into RMG. For this
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purpose, 20 commercial soybean cultivars were evaluated in
12 environments distributed in the major producing regions
of Brazil. Assessments according to the Eberhart and Russell
method and the additive main effects and multiplicative
interaction (AMMI) method were effective in the
identification of stable genotypes and their classification into
RMG. These methods can also be used collectively for this
purpose. Our results showed that the AMMI method led to a
better interpretation of genotype-environment interactions.
Thus, RMG obtained on the basis of stable genotypes
represented a good estimate of the relative maturity of
soybean crops throughout Brazil.” Address: Dep. of Plant
Science and Crop Protection, Federal Univ. of Parana,
Curitiba, Brazil; State Univ. of Center-West (Unicentro),
Guarapuava, Brazil.
2929. Yang, Feng; Huang, S.; Gao, R.; Liu, W.; Yong, T.;
Wang, X.; Wu, X.; Yang, W. 2014. Growth of soybean
seedlings in relay strip intercropping systems in relation
to light quantity and red:far-red ratio (Open Access). Field
Crops Research (Amsterdam) 155:245-53. Jan. [37 ref]
• Summary: “Maize-soybean intercropping is a common
system in several countries. However, different spatial
patterns of maize and soybean can directly affect the light
environment of soybean growth under this system through
the combined effects of the altered light quality and the
reduced light quanta.” Maize and soybeans were planted in
alternate rows.
“Introduction: The amount of cultivable land is
gradually decreasing because of the rapid urbanization and
industrialization caused by the global population explosion.”
Address: College of Agronomy, Sichuan Agricultural Univ.,
Chengdu 611130, PR China.
2930. Sinclair, Thomas R.; Marrou, Helene; Soltani, A.;
Vadez, V.; Chandolua, K.C. 2014. Soybean production
potential in Africa. Global Food Security 3(1):31-40. Feb.
[19 ref]
• Summary: In what parts of Africa is soybean production
possible? In West Africa from Nigeria eastward and in East
Africa from Kenya southward. Four color maps show these
areas clearly.
What are the main limiting factors? There must be
adequate, regular early season rains to enable timely planting
of the crop. “The criteria used in these simulations of 40
mm of accumulated soil water during a 50 day window of
sowing dates greatly restricted the locations where soybean
could be consistently grown. This trait alone appears to be
critical in defining the regions where soybean production
can be considered. A key outcome of these simulations is the
recommendation that experiments and sensitivity analyses
are needed to evaluate possible genetic and species variation
in the requirement for soil water at the time of sowing. Key
questions may be the rate of seedling leaf area development

and water use, and the survival capacity of seedlings if
severe water deficit develops at early stages.”
Maturity group VII varieties seem good for West Africa
and maturity group VIII for East Africa.
Soybeans must be bred for drought resistance. Address:
1-2, 5. Crop Science Dep., North Carolina State Univ.,
Raleigh, NC 27695-7620.
2931. Jia, Hongchang; Jiang, B.; Wu, C.; Lu, W.; Hou,
W.; Sun, S.; et al. 2014. Maturity group classification and
maturity locus genotyping of early-maturing soybean
varieties from high-latitude cold regions (Open Access).
PLoS One 9(4):e94139. doi:10.1371/journal.pone.0094139
[44 ref]
• Summary: “Abstract–Background With the migration of
human beings, advances of agricultural sciences, evolution
of planting patterns and global warming, soybeans have
expanded to both tropical and high-latitude cold regions
(HCRs). Unlike other regions, HCRs have much more
significant and diverse photoperiods and temperature
conditions over seasons or across latitudes, and HCR
soybeans released there show rich diversity in maturity traits.
However, HCR soybeans have not been as well classified
into maturity groups (MGs) as other places. Therefore, it
is necessary to identify MGs in HCRs and to genotype the
maturity loci.”
“Conclusion: HCRs diversify early-maturing MGs of
soybean. MG0000, a new MG that matures much earlier
than known MGs, was developed. HCR soybean breeding
should focus more on shortening post-flowering reproductive
growth. E1, E2, E3, and E4 function differentially.” Address:
1. Ministry of Agriculture (MOA) Key Lab. of Soybean
Biology (Beijing).
2932. Chikoye, David; Abaidoo, R.; Lum, A.F. 2014.
Response of weeds and soil microorganisms to imazaquin
and pendimethalin in cowpea and soybean. Crop Protection
65:168-172. Nov. [47 ref]
• Summary: “The findings of this study show that imazaquin
is more effective than pendimethalin for preemergence weed
control in cowpea and soybean. Imazaquin at all rates did
not have adverse effects on both crops... This study has also
shown that herbicides even at low rates reduce nodulation,
nitrogen fixation and VAM [vesicular-arbuscular mycorrhiza]
colonisation.” Address: 1. International Inst. of Tropical
Agriculture (IITA). Zambia; 2. IITA, Nigeria; 3. Univ. of
Buea, Cameroon.
2933. Funatsuki, Hideyuki; Suzuki, M.; Hirose, A.; Inaba,
H.; Yamada, I.; Hajika, M.; Komatsu, K.; Katayama, T.;
Sayama, T.; Ishimoto, M.; Fujino, K. 2014. Molecular basis
of a shattering resistance boosting global dissemination
of soybean. Proceedings of the National Academy of
Sciences, USA 111(50):17797-802. Dec. 16. doi: 10.1073/
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pnas.1417282111. [56 ref]
• Summary: “Pod dehiscence (shattering) is essential for the
propagation of wild plant species bearing seeds in pods but
is a major cause of yield loss in legume and crucifer crops.
Although natural genetic variation in pod dehiscence has
been, and will be, useful for plant breeding, little is known
about the molecular genetic basis of shattering resistance
in crops. Therefore, we performed map-based cloning to
unveil a major quantitative trait locus (QTL) controlling pod
dehiscence in soybean.” Address: 1. Crop Cold Tolerance
Research Team, NARO (National Agricultural Research
Organization) Hokkaido Agricultural Research Center,
Hitsujigaoka 1, Toyohira-ku, Sapporo 062-8555, Japan.
2934. Wu, Ting-ting; Li, J.; Wu, C.; Sun, S.; Mao, T.; Jiang,
B.; Hou, W.; Han, T. 2015. Analysis of the independent- and
interactive-photo-thermal effects on soybean flowering. J. of
Integrative Agriculture 14(4):622-32. April. [51 ref]
• Summary: “Soybean... is a typical short-day and
warm season plant, and the interval between emergence
and flowering has long been known to be regulated
by environmental factors, primarily photoperiod and
temperature.”
The results “led to the following conclusions: (1) There
were significant differences in photo-thermal response
among the different ecotypes. High-latitude ecotypes were
less sensitive to the independent- and interactive-photothermal effects than low-latitude ecotypes; and (2) there was
an interaction between photoperiod and temperature, with
the effect of photoperiod on thermal sensitivity being greater
under the long day than the short day condition, and with
the effect of temperature on photoperiodic sensitivity being
greater under the low temperature than the high temperature
condition.” Address: Key Lab. of Soybean Biology (Beijing),
Ministry of Agriculture / Inst. of Crop Science, Chinese
Academy of Agricultural Sciences, Beijing 100081, P.R.
China.
2935. Williams, Martin M., II. 2015. Phenomorphological
characterization of vegetable soybean germplasm lines for
commercial production. Crop Science 55(3):1274-79. May.
[22 ref]
• Summary: By comparing 136 entries from 22 resources
with 14 grain-type cultivars representing a range of maturity
groups, Williams characterized the vegetable soybean
germplasm lines for commercial production.
“Demand for vegetable soybean, a nutraceutical
food-grade soybean also known as “edamame”, has been
rising in the United States as well as other parts of the
world. Historically a food of East Asian cultures, vegetable
soybean now can be found in various supermarkets and
chain restaurants throughout the United States. Between the
years 2000 and 2008, Sams et al. (2012) reported a fourfold
increase in consumption of vegetable soybean in the United

States. A majority of the vegetable soybean consumed in the
United States is imported (Mebrahtu and Mullins, 2007),
primarily from China, the largest producer, consumer, and
exporter of vegetable soybean (Dong et al., 2014).” Address:
USDA-ARS, Global Change and Photosynthesis Research
Unit, Univ. of Illinois, Urbana, IL 61801.
2936. Siebers, M.H.; Yendrek, C.R.; Drag, D.; Locke, A.M.;
Acosta, L.R.; Leakey, A.D.B.; Ainsworth, E.A.; Bernacchi,
C.J.; Ort, D.R. 2015. Heat waves imposed during early pod
development in soybean (Glycine max) cause significant
yield loss despite a rapid recovery from oxidative stress.
Global Change Biology 21(8):3114-25. Aug. [53 ref]
• Summary: “Abstract: Heat waves already have a large
impact on crops and are predicted to become more intense
and more frequent in the future. In this study, heat waves
were imposed on soybean using infrared heating technology
in a fully open-air field experiment. Five separate heat
waves were applied to field-grown soybean (Glycine max)
in central Illinois, three in 2010 and two in 2011. Thirty
years of historical weather data from Illinois were analyzed
to determine the length and intensity of a regionally realistic
heat wave resulting in experimental heat wave treatments
during which day and night canopy temperatures were
elevated 6ºC above ambient for 3 days. Heat waves were
applied during early or late reproductive stages to determine
whether and when heat waves had an impact on carbon
metabolism and seed yield.”
“This study shows that short high-temperature stress
events that reduce photosynthesis and increase oxidative
stress resulted in significant losses to soybean production in
the Midwest, U.S. The study also suggests that to mitigate
heat wave-induced yield loss, soybean needs improved
reproductive and photosynthetic tolerance to high but
increasingly common temperatures.” Address: 1. Dep. of
Plant Biology, Univ. of Illinois at Urbana-Champaign,
Urbana, IL 61801.
2937. Kleinjan, Jonathan. 2015. South Dakota soybeans:
Relative maturity explained. AgFax. Sept. 14. https://
agfax. com/2015/09/14/south-dakota-soybeans-relativematurityexplained/ (accessed 4 Aug. 2019). *
• Summary: “Soybean Maturity Groups: William J. Morse,
a USDA scientist and arguably one of the founding fathers
of the soybean industry in the United States, was the first
to classify soybean maturity into three groups in 1918. The
amount of groups was expanded to five in 1925 and nine
in 1949. Today there are thirteen major groups recognized,
ranging from maturity group (MG) 000 through MG X.”
Address: South Dakota State Univ.
2938. Ray, Jeffrey D.; Dhanapal, A.P.; Singh, S.K.; HoyosVillegas, V.; Smith, J.R.; Purcell, L.C.; et al. 2015. Genomewide association study of ureide concentration in diverse
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maturity group IV soybean... accessions. Genes, Genomes,
Genetics 5(5):2391-2403. Nov. doi:10.1534/g3.115.021774
[44 ref]
• Summary: “Ureides [derived from urea] are the N-rich
products of N-fixation that are transported from soybean
nodules to the shoot. Ureides are known to accumulate
in leaves in response to water-deficit stress, and this has
been used to identify genotypes with reduced N-fixation
sensitivity to drought. Our objectives in this research were to
determine shoot ureide concentrations in 374 Maturity Group
IV soybean accessions and to identify genomic regions
associated with shoot ureide concentration.” Address: Crop
Genetics Research Unit, USDA-ARS, Stoneville, Mississippi
38776,.
2939. Boyer, Christopher N.; Stefanini, M.; Larson, J.A.;
Smith, S.A.; Mengistu, A.; Bellaloui, N. 2015. Profitability
and risk analysis of soybean planting date by maturity group.
Agronomy Journal 107(6):2253-62. May/Dec. [45 ref]
• Summary: “The profit-maximizing planting date for
soybean in Tennessee ranged between 13 and 24 May
for all the MGs, and specifically, the profit-maximizing
planting date was 24 May, 16 May, 13 May, and 22 May for
MGs II, III, IV, and V, respectively.” Address: 1-4. Dep. of
Agricultural and Resource Economics, Univ. of Tennessee,
302-I Morgan Hall, Knoxville, TN 37996.
2940. Norman, Christopher Ryan. 2015. Long-term effects
of alternative residue management practices on near-surface
soil properties and soybean production in a wheat-soybean,
double-crop system in Eastern Arkansas MSc Thesis at
University of Arkansas, Fayetteville. 218 leaves. Map. 28
cm.
• Summary: “Adoption of management practices that
maintain or increase soil organic matter (SOM), which
contains 58% carbon (C) on average, may help to mitigate
climate change by sequestering atmospheric C. Therefore,
the main objective of this study was to determine the
long-term trends in SOM, soil C and nitrogen (N), bulk
density, various soil chemical properties (i.e., pH, electrical
conductivity [EC], and Mehlich-3-extractable nutrients)
in the top 10 cm, and soybean yield as affected by residue
burning (burning and non-burning), tillage (conventional
and no-tillage), irrigation (irrigated and non-irrigated),
and N-fertilization/residue level (high and low) in a wheat
(Triticum aestivum L.)-soybean [Glycine max (L.) Merr.],
double-crop system in eastern Arkansas. The secondary
objective was to determine the relationship between soil
water potential ( -MPa) and soil water content (g g-1) in
the top 7.5 cm as affected by residue treatments. The field
site has been consistently managed for 13 years at the
University of Arkansas Lon Mann Cotton Research Station
near Marianna, Arkansas on a Calloway silt loam (fine silty,
mixed, active, thermic Glossaquic Fraglossudalf). Averaged

across all other factors, SOM did not differ over time (P>
0.05) under irrigation, while SOM content increased over
time (P <0.05) until approximately nine years after initial
conversion when SOM decreased thereafter under dryland
production. Results indicated that irrigation management
caused many of the largest differences in near-surface soil
property trends over time, namely SOM and C, compared
to the other field treatments. The relationship between the
natural logarithm of soil water potential and the gravimetric
soil water content was only affected (P <0.05) by the
N-fertilization/residue level treatment. Averaged across
tillage, burning, and irrigation, soil water contents under high
residue treatment exceeded those water contents under low
residue treatment at the same water potential. The increased
soil water retention under high residue treatment may be
related to increased biomass inputs, SOM accumulation,
and soil aggregation at the <2mm level compared with low
residue treatment. Understanding the long-term effects
of growing-season weather patterns as well as irrigation,
burning, tillage, and fertilization management on nearsurface soil properties is critical to developing sustainable
agricultural practices in the mid-South.” Address: Univ. of
Arkansas.
2941. Han, Yingpeng; Zhao, Xue; Liu, D.; Li, Y.; Lightfoot,
D.A.; Yang, Z.; et al. 2016. Domestication footprints anchor
genomic regions of agronomic importance in soybeans. New
Phytologist 209(2):871-84. Jan. [60 ref]
• Summary: “Introduction: Although the domestication of
soybean (Glycine max) has been traced to c. 6000-9000
yr ago in China (Kim et al., 2010), many of the details
underlying its domestication remain unresolved. A set
of semi-domesticated (SD) soybean accessions found
throughout China bear seeds that are larger than those of
nondomesticated (ND) accessions (Glycine soja) but smaller
than those of fully domesticated (FD) accessions (G. max;
Hymowitz, 1970). Furthermore, the genetic and evolutionary
relationships between the FD, SD and ND germplasms are
unclear...” Address: 1-2. Key Lab. of Soybean Biology in
Chinese Education Ministry, Northeast Agricultural Univ.,
Harbin 150030, China.
2942. Gillen, Anne M.; Shelton, Gary W. comps.
2016. Uniform Soybean Tests: Southern States–2015.
https://www.ars.usda.gov/ARSUserFiles/60661000/
UniformSoybeanTests/2015SoyBook.pdf
• Summary: This is the most recent of the Uniform Soybean
Tests–Southern States that were started by the U.S. Regional
Soybean Lab in 1943 during World War II and are still being
continued by the USDA’s Agricultural Research Service. An
archive is maintained. This document is “coordinated and
edited by: Anne M. Gillen and Gary W. Shelton.”
Contents: Introduction. Policy on evaluation and release
of strains. Uniform test participants. Strain designation.
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Soybean nursery information: Location contact and tests,
planting dates, harvest dates, agronomic characteristics of
locations, weather station information.
Methods: Cultural practices, maturity, harvest, and yield,
pest assessment, statistical analyses.
Maturity Group IV-S: Uniform, preliminary early,
preliminary late. Maturity Group V: Uniform, preliminary
early, preliminary late. Maturity Group VI: Uniform,
preliminary early, preliminary late. Maturity Group VII:
Uniform, preliminary early, preliminary late. Maturity Group
VIII: Uniform, preliminary early, preliminary late.
The Introduction states: “The Uniform Soybean
Testing Program has been directed toward the testing of
elite breeding lines that ultimately leads to the release of
varieties. Breeding lines are developed and evaluated in
several participating federal and state research programs. As
breeding lines demonstrate specific qualities in the individual
programs, they are advanced to the preliminary and uniform
regional tests conducted in cooperation with research
workers in the southern states. This testing program enables
breeders to evaluate new strains under a wide variety of
conditions, and permits new strains to be put into production
in a minimum amount of time. Lines are usually entered only
once in the Preliminary Test and then are either dropped or
advanced to the Uniform Test for a maximum of three years
if performance warrants further testing.
“Eleven uniform test groups have been established to
evaluate the best strains developed in the breeding programs.
The groups 00 through IV are adapted in the northern part
of the United States, and the groups IV-S through VIII are
grown in the southern part. Within their area of adaptation,
there is a maturity range of 12 to 18 days within each
maturity class. The best varieties available in each maturity
class are used as check varieties with which to compare new
strains as to seed yield, chemical composition, maturity,
height, lodging, seed quality, and reaction to diseases and
nematodes. For the groups grown in the southern area, the
check varieties are: AG4232RR2Y, AG4632RR2Y, LD067620, AG3934(RR2), AG4835(RR2), Ellis, AG4933(RR2),
Osage, JTN-5203, UA5612, AG5332RR2Y, AG5534(RR2),
AG5335(RR2), NC-Roy, NCC06-1090, AG6534, NCC078138, AGS738RR, AG7733, N7003CN, NCC06-899,
AGS828RR, AG7934, N05-7432, and N8001.
“A wide range of soil and climatic conditions exists in
the regions. As an aid in recognizing regional adaptation,
the region has been subdivided into five rather broad areas
which still represent a wide range of soil types. These are:
(1) the East Coast, consisting of the Coastal Plain and
Tidewater areas of the eastern shore of Maryland, Virginia,
North Carolina, and the upper half of South Carolina; (2)
the Southeast, consisting primarily of the Coastal Plain
soils of the Gulf Coast area, but also including similar soil
from South Carolina, southward; (3) the Upper and Central
South, including the Piedmont and loessial hill soils east

of the Mississippi River; (4) the Delta area, composed of
the alluvial soils along the Mississippi River from southern
Missouri, southward; and (5) the West, comprising Arkansas
and Louisiana (outside the Delta), Kansas, Oklahoma,
and Texas. In the West, the potential soybean-growing
areas would include alluvial soils, and the Gulf Coast of
Louisiana.” Address: USDA Agricultural Research Service,
Crop Genetics Unit, P.O. Box 345, Stoneville, Mississippi
38776.
2943. Song, Wenwen; Yang, R.; Wu, T.; Wu, C.; Sun, S.;
Zhang, S.; et al. 2016. Analyzing the effects of climate
factors on soybean protein, oil contents and compositions
by extensive and high-density sampling in China. J. of
Agricultural and Food Chemistry 64(20):4121-30. May 25.
doi:10.1021/acs.jafc.6b00008 [49 ref]
• Summary: “From 2010 to 2013, 763 soybean samples were
collected from an extensive area of China. The correlations
between seed compositions and climate data were analyzed.
The contents of crude protein and water-soluble protein,
total amount of protein plus oil, and most of the amino acids
were positively correlated with an accumulated temperature
ò15ºC (AT15) and the mean daily temperature (MDT) but
were negatively correlated with hours of sunshine (HS) and
diurnal temperature range (DTR).” Address: 1. Key Lab.
of Mollisol Agroecology, Northeast Inst. of Geography and
Agroecology, Chinese Academy of Sciences, Harbin 150081,
China.
2944. Ogles, C.Z.; Guertal, E.A.; Weaver, D.B. 2016.
Edamame cultivar evaluation in central Alabama. Agronomy
Journal 108(6):2371-78. Nov/Dec. [33 ref]
• Summary: The authors evaluated 11 selected edamame
cultivars of four maturity groups (MGs) for adaptability
and production in central Alabama. These were MG III
(Midori Giant, Chiba Green, Butterbean, Sayamusume,
and BeSweet 2001), MG IV (Gardensoy 42, Mojo Green),
MG V (Mooncake, Lanco, and Gardensoy 51), and MG VI
(Owens). These varieties were planted in replicated plots at
the Plant Breeding Unit in Tallassee, Alabama, in May 2014
and June 2015. “In 2015, Mojo Green, Gardensoy 51, and
Mooncake were the highest yielding cultivars at 13,576,
13,195, and 13,092 kg per ha.” Address: Dep. of Crop, Soil
and Environmental Sciences, 201 Funchess Hall, Auburn,
Alabama 36849.
2945. Hu, X.; Song, W.; Wei, Y.; Sun, B.; Li, Q.; Shen, C.;
et al. 2016. Nei Menggu zizhiqu da dou pin zhong sheng yu
qi fen zu ji zhong zhi qu hua [Maturity group classification
and planting regionalization of soybean varieties in the Inner
Mongolia]. Zhongguo Nong Ye Ke Xue (Scientia Agricultura
Sinica) 49:260-71. [Chi; eng]*
2946. Wang, Xiao-bo; et al. 2016. Stability of growth periods
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traits from soybean cultivars across multiple locations. J. of
Integrative Agriculture 15(5):963-72. *
Address: 1. National Key Facility for Gene Resources and
Genetic Improvement/Key Laboratory of Crop Germplasm
Utilization, Ministry of Agriculture/Institute of Crop
Sciences, Chinese Academy of Agricultural Sciences, Beijing
100081, P.R. China.
2947. Robinson, Claire; Antoniou, Michael; Fagan, John.
2016. GMO Myths and Truths: A citizen’s guide to the
evidence on the safety and efficacy of genetically modified
crops and foods. 3rd ed. version 1.0. Fairfield, Iowa: Earth
Open Source. xiv + 149 p. Index. 23 cm. 1st ed. 2010. 2nd
ed. 2014. [697 ref]
• Summary: A concise, easy to use, very helpful, and welldocumented reference book.
Contents: Introduction.
1. Myth: Genetic engineering is just an extension of
natural breeding and no more risky.
Truth: Genetic engineering is radically different from
natural breeding and poses special risks.
Myth at a glance.
How a GM crop is made.
The GM transformation process is inefficient.
The GM process is highly mutagenic.
Can the genetic engineer eliminate harmful mutations?
Pleiotropic effects.
Failed, under-performing, and toxic GM crops.
The GM process actively selects for mutational effects
in the host genome.
Is GM technology becoming more precise?
Rapid Trait Development System: GM or not?
Cisgenesis can be as unpredictable as transgenesis.
References.
2. Myth: GM foods are strictly tested and regulated for
safety.
Truth: Regulation relies on GM food safety tests
conducted by developer companies and regulatory processes
are weak.
Myth at a glance.
Regulatory process is based on industry studies.
How GMOs first entered world markets.
The US regulatory process for GMOs.
The US government is not impartial regarding GM crops
and foods.
Who is responsible for ensuring the safety of GM food?
FDA presumes GMOs are “generally recognized as
safe”
The sham of substantial equivalence.
BSE-infected cow: Substantially equivalent to a healthy
cow?
GM crops are not substantially equivalent.
Europe’s comparative safety assessment: Substantial
equivalence by another name.

The right and wrong way to do a comparative
assessment.
GMOs would not pass an objective comparative safety
assessment.
The ILSI database.
References. 3. Myth: Independent studies confirm that
GM foods and crops are safe.
Truth: Independent research on GM foods is difficult or
impossible to carry out, but many existing studies have found
problems.
Myth at a glance.
The GMO industry restricts access to seeds for
independent research.
Scientists protest.
Is the problem of access to research materials solved?
Another researcher finds problems accessing materials.
Claims that access problems are solved remain
unproven.
Researchers who publish studies that find harm from
GM crops are attacked.
References.
4. Myth: GM foods are safe to eat.
Truth: GM crops have toxic and allergenic effects on
laboratory and farm animals.
Myth at a glance.
Toxic and allergenic effects found in GM-fed animals.
Masking statistical significance through the concept of
“biological relevance.”
EFSA responds to criticism over use of “biological
relevance.”
The “EU research shows GM foods are safe” argument.
The “trillions of GM meals” argument.
References
5. Myth: Many long-term studies show GM is safe.
Truth: Few long-term studies have been carried out, but
some show toxic effects from GM food.
Myth at a glance.
The Seralini study.
The Malatesta and Sakamoto studies.
The Snell review of supposedly long-term studies.
References. 6. Myth: The Nicolia review compiles
1,700+ studies showing that GMOs are safe.
Truth: Many of the papers fail to document GMO safety;
some show that certain GMOs are harmful; and important
papers relevant to GMO safety are omitted or ignored.
Myth at a glance.
Nicolia and colleagues mislead on “substantial
equivalence.”
Nicolia and colleagues mislead on major controversy
over Bt crop safety.
References. 7. Myth: The Van Eenennaam review
considered data from 100 billion animals and found GMOs
are safe.
Truth: The review provides no data proving GMO
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safety.
Myth at a glance.
Review cites problematic peer-reviewed studies.
References. 8. Myth: GM crops increase yield potential
Truth: GM crops do not increase yield potential.
Myth at a glance.
Klumper and Qaim meta-analysis.
Failure to yield.
Why do some farmers believe that GM crops have better
yields than non-GM crops?
Bt cotton in India.
All India cotton yields and Bt percentage of cotton area.
References. 8. Myth: GM crops decrease pesticide use.
Truth: GM crops increase pesticide use.
Myth at a glance.
GM crops have created “superweeds.”
The GM industry “solution” to superweeds: More
herbicides.
Herbicide-tolerant crops undermine sustainable
agriculture.
GM Bt crops do not reduce insecticides but change the
way they’re used.
Major weakness of studies claiming reduced insecticide
use from GM Bt crops.
GM Bt crop farmers don’t always give up chemical
insecticide sprays.
Resistant pests are making GM Bt technology obsolete.
Secondary pests move in on GM Bt crops.
GM farming systems lag behind non-GM in producing
higher yields with less pesticide.
References. 10. Myth: The pesticides associated with
GM crops are safe
Truth: The pesticides associated with GM crops may
pose risks to health and the environment.
Myth at a glance.
Public health crises linked with Roundup exposure.
Studies in farm animals may indicate glyphosate
accumulation in the body and links to multiple organ
damage.
Glyphosate is everywhere.
Roundup link with modern diseases suggested.
Are the doses of Roundup that we’re exposed to safe?
GM crops tolerant to 2,4-D and dicamba expand range
of health risks.
Bt toxin in GM plants is not harmless.
Bt toxins and GM Bt crops have toxic effects on
mammals.
Bt toxin found circulating in pregnant women’s blood.
96
References.
11. Myth: GM herbicide-tolerant crops are
environmentally friendly.
Truth: GM herbicide-tolerant crops are an extension
of chemical-intensive agriculture and pose threats to the

environment.
Myth at a glance.
GM herbicide-tolerant crops worse for biodiversity than
non-GM chemically grown crops.
References.
12. Myth: GM crops can “coexist” with non-GM and
organic crops.
Truth: Coexistence means widespread contamination of
non-GM and organic crops.
Myth at a glance.
Who is liable for GM contamination?
GMO contamination incidents from field trials and
supposedly restricted releases.
GM contamination: The learning process.
Organic markets damaged by GMO crop cultivation.
USDA inspector criticizes oversight of GM field trials.
References. 13. Myth: GM crops are needed to feed the
world.
Truth: GM crops are irrelevant to food security.
Myth at a glance.
GM crops for Africa: Catalogue of failure.
GM Bt brinjal fails two years running in Bangladesh.
GMO does not increase farmer choice but removes it.
Agroecology is the key to food security.
Dramatic yield increases from agroecology.
Who owns food?
GM crops are not about feeding the world but about
patented ownership of the food supply.
The red herring of “public good” GMOs.
Conventional breeding outperforms GM.
The GM successes that never were.
Non-GM breeding successes show no need for GM.
Rothamsted’s GMO aphid-repellent wheat trial a £1
million failure.
GM is no quicker than conventional breeding–but it is
more expensive.
References
Conclusion: Why has GM failed to deliver?
Why do farmers plant GM crops?
Time to move on. Address: 1. MPhil; 2. PhD; 3. PhD.
2948. He, Jin; Du, Yan-Lei; Wang, Tao; et al. 2017.
Conserved water use improves the yield performance
of soybean (Glycine max (L.) Merr.) under drought.
Agricultural Water Management 179:236-45. Jan. 1. [38 ref]
• Summary: “Greenhouse and field studies have shown that
drought stress leads to a significant reduction (24%-50%) in
soybean seed yield.”
“Thus, we conclude that reducing RLD (root length
densities) and restricting water loss contributed to conserved
water use and improved yield performance and WUEG
(water use efficiency for grain) in water-limited conditions.”
Address: 1-3. State Key Lab. of Grassland Agro-ecosystems,
Inst. of Arid Agroecology, School of Life Sciences, Lanzhou
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Univ., Lanzhou 730000, Gansu Province, China; 4. The Inst.
of Agriculture, The Univ. of Western Australia, M082, LB
5005, Perth, WA 6001, Australia.
2949. Li, Jicun; Wang, X.; Song, W.; Huang, X.; Zhou, J.;
Zeng, H.; et al. 2017. Genetic variation of maturity groups
and four E genes in the Chinese soybean mini core collection
(Open Access). PLoS One 12(2):e0172106. doi:10.1371/
journal.pone.0172106 [61 ref]
• Summary: “Introduction: China has the richest germplasm
resources of soybean in the world [1]. More than 23,587
soybean accessions had been collected from 29 provinces
of China until 2007 [2]. Evaluation of soybean germplasm
collection is crucial for the selection of elite parents,
identification of desirable alleles, as well as breeding of new
varieties [3-5]. However, it is still a challenge to evaluate the
genetic characterization of the accessions in the Genebank
due to abundant resources of the germplasm. Frankel
and Brown (1984) firstly proposed the concept of “core
collection” (CC), defined as a sub-set of accessions (about
10% of the original size) selected by an optimal sampling
method, to represent the maximum genetic diversity of the
whole collection [6]. Afterwards, the development of CC has
proven to be a reasonable approach to explore the variations
from genetic resources [7-9]. Previously, a soybean CC
with a rational size containing 472 accessions has been built
based on the simple sequence repeat (SSR) marker data and
agronomic traits [10]. As the accessions number of the CC is
too large for the replicated evaluations at different locations,
more manageable mini core collections (MCCs) of soybean
have been developed based on further streamlining of the
CC scale (10% of the CC), which represented 94.5% of
the phenotypic diversity and 63.5% of the genetic diversity
of the whole collection, respectively [11-12].” Address:
MOA Key Lab. of Soybean Biology (Beijing), Inst. of Crop
Science, Chinese Academy of Agricultural Sciences, Beijing,
China.
2950. Wu, Tingting; Yang, X; Sun, S.; Wang, C.; Wang, Y.;
Jia, H.; Man, W.; Fu, L.; Song, W.; Wu, C.; Yan, H.; Jiang,
B.; Hou, W.G.; Ren, G.; Han, T. 2017. Temporal-spatial
characterization of seed proteins and oil in widely grown
soybean cultivars across a century of breeding in China.
Crop Science 57(2):748-59. March 3. [42 ref]
• Summary: “The current study aimed to identify the genetic
progress of seed protein and oil in soybean cultivars grown
widely over a century and to assess the spatial distribution
of seed proteins and oil among four production regions
(the Northern Heilongjiang region (NH), the Mid-Southern
Heilongjiang region (MSH), the Jilin and Liaoning region
(JL), and the Huang-Huai- Hai River Valley (HH) region).
Eighty-nine widely grown soybean cultivars representing a
span of 84 yr (1923-2007) of release were included, and a
combination of analytical techniques was used to quantify

seed protein, oil, amino acid, and fatty acid contents.”
Table 3 (three tables) shows: Top five cultivars with
the highest protein content, oil content, and protein plus
oil content. Top protein: 47.31%. Top oil: 24.07%. Top
protein plus oil: 63.92%. Address: Ministry of Agriculture
Key Lab. of Soybean Biology (Beijing), Inst. of Crop
Science, the Chinese Academy of Agricultural Sciences, 12
Zhongguancun S. St., Beijing 100081, China.
2951. Lu, Sijia; Zhao, X.; Hu, Y.; Liu, S.; et al. 2017. Natural
variation at the soybean J locus improves adaptation to the
tropics and enhances yield. Nature Genetics 49:773-779.
March 20. [45 ref]
• Summary: Soybean is a major legume crop originating in
temperate regions, and photoperiod responsiveness is a key
factor in its latitudinal adaptation. Varieties from temperate
regions introduced to lower latitudes mature early and have
extremely low grain yields. Introduction of the long-juvenile
(LJ) trait extends the vegetative phase and improves yield
under short-day conditions, thereby enabling expansion of
cultivation in tropical regions.
“Our findings identify an important new component in
flowering-time control in soybean and provide new insight
into soybean adaptation to tropical regions.” Address: 1.
Key Lab. of Soybean Molecular Design Breeding, Northeast
Inst. of Geography and Agroecology, Chinese Academy of
Sciences, Harbin, China.
2952. Bhattarai, Mukesh Dev; Secchi, S.; Schoof, J. 2017.
Projecting corn and soybeans yields under climate change
in a Corn Belt watershed. Agricultural Systems 152:90-99.
March. [69 ref]
• Summary: “Our findings indicate that 20-year mean
yields of both corn and soybean for 2080-2099 simulated
in EPIC using all eight AOGCMs under low and medium
carbon scenarios will increase in comparison to the 20year mean yields for 2015-2034. However, under the high
carbon scenario, 20-year means of both corn and soybean
yields for 2080-2099 will decline in comparison to the 20year mean yields for 2015-2034, pointing to the effects of
climate change. We also examined the possible impact of
carbon fertilization on yields. Our results show that carbon
fertilization of soybean, a C3 plant, may contribute to an
increase in yield of 2% to 20% while its contribution to the
growth of corn, a C4 plant, will be much lower.” Address:
1. Environmental Resources and Policy Program, Southern
Illinois Univ., Carbondale, IL 62901.
2953. Yue, Yanlei; Liu, N.; Jiang, B.; Li, M.; Wang, H.;
Jiang, Z.; Pan, H.; Xia, Q.; Ma, Q.; Han, T.; Nian, H. 2017.
A single nucleotide deletion in J encoding GmELF3 confers
long juvenility and is associated with adaption of tropic
soybean (Letter to the editor) (Open Access). Molecular
Plant 10(4):656-58. April 3. [8 ref]
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• Summary: “Dear Editor, Wild soybean is a typical shortday plant that begins flowering when the days are shorter
than its critical photoperiod. Soybean was domesticated
in the temperate region of East Asia at the relatively high
latitude, and the breeding and release of soybean varieties
have historically centered on mid- and high-latitude
temperate regions. Low-latitude areas with tropical and
subtropical climates were previously considered unsuitable
for soybean production because most temperate soybean
varieties exhibited precocious flowering and early maturity
and suffered from low yields.
“The discovery and introduction of the long juvenile
trait into soybean varieties in the 1970s (Hartwig and Kiihl,
1979) fundamentally changed global soybean production
in a way that has had an enormous influence on commodity
markets. This trait delays flowering and thereby ensures
sufficient vegetative growth prior to the developmental
transition to reproductive growth. The long juvenile trait thus
solved the early maturation and low yield problems that had
hitherto prevented economically viable soybean production
in low-latitude regions (Destro et al., 2001). The United
States and Brazil pioneered the introduction of the long
juvenile trait in low-latitude soybean breeding programs.
Brazil has expanded its soybean production enormously,
from 1 million hectares in 1970 (Brown, 2004) to over 33
million hectares in 2016...” Address: 1-2. State Key Lab.
for Conservation and Utilization of Subtropical AgroBioresources, South China Agricultural Univ., Guangzhou
510642, China.
2954. Hayes, Lynne. 2017. A brief history of soybeans–
and yes, its entertaining (Web article). https://www.
growingamerica.com/features/2017/04/brief-historysoybeans-and-yes-its-entertaining. 3 p. April 13.
• Summary: A popular history of soybeans, worldwide,
from earliest times to the present, with no sources listed (no
bibliography) and more than its share of errors. The history
part begins:
“Built-In Chinese Alarm Clock: The soybean was first
domesticated in China 7000 years before the birth of Christ.
It was revered as a sacred grain by Chinese emperors. And
it’s the only legume with a built-in alarm clock–flowering
and ripening is controlled not in response to air temperature
but by the length of day and night. For science nerds, this is
known as ‘photoperiodism.’”
Note: Most modern sources give the date of
domestication as 1100 B.C.E. in the eastern half of north
China (Hymowitz 1970. “On the domestication of the
soybean”). Address: Ghana News Agency.
2955. Kurasch, Alena K.; Hahn, V.; Leiser, W.L.; Vollmann,
J.; Schori, A.; Bétrix, C.A.; et al. 2017. Identification of
mega-environments in Europe and effect of allelic variation
at maturity E loci on adaptation of European soybean. Plant,

Cell & Environment 40(5):765-78. May. [48 ref]
• Summary: “Soybean cultivation holds great potential for
a sustainable agriculture in Europe, but adaptation remains
a central issue. In this large mega-environment (MEV)
study, 75 European cultivars from five early maturity groups
(MGs 000-II) were evaluated for maturity-related traits at
22 locations in 10 countries across Europe.” Address: 1.
State Plant Breeding Institute, Univ. of Hohenheim, 70593
Stuttgart, Germany.
2956. Lu, Sijia; Zhao, X.; Hu, Y.; Liu, S.; Nan, H.;... Cober,
E.R.; et al. 2017. Natural variation at the soybean J locus
improves adaptation to the tropics and enhances yield.
Nature Genetics 49(5):773-79. May. [45 ref]
• Summary: “Soybean is a major legume crop originating in
temperate regions, and photoperiod responsiveness is a key
factor in its latitudinal adaptation. Varieties from temperate
regions introduced to lower latitudes mature early and have
extremely low grain yields. Introduction of the long-juvenile
(LJ) trait extends the vegetative phase and improves yield
under short-day conditions, thereby enabling expansion of
cultivation in tropical regions. Here we report the cloning
and characterization of J, the major classical locus conferring
the LJ trait,...” Address: 1-2, 5-9. Key Lab. of Soybean
Molecular Design Breeding, Northeast Inst. of Geography
and Agroecology, Chinese Academy of Sciences, Harbin,
China.
2957. Liu, Xueqin; Wu, J.; Ren, H.; Qi, Y.; Li, C.; Cao, J.; et
al. 2017. Genetic variation of world soybean maturity date
and geographic distribution of maturity groups. Breeding
Science 67(3):221-32. June. doi:10.1270/jsbbs.16167 [36 ref]
• Summary: “The maturity date of soybean... is sensitive to
photoperiod, which varies with latitude and growing seasons.
The maturity group (MG) system, composed of 13 MGs,
is a major approach in characterizing varieties’ ecological
properties and adaptable areas. A total of 512 world soybean
varieties, including 48 MG checks, were tested at a major
site (Nanjing, 32.04ºN) with portions tested in supplementary
sites (Heihe, 50.22ºN; Mudanjiang, 44.60ºN; Jining, 35.38ºN
and Nanning, 22.84ºN) in China to explore the worldwide
MG distribution. The maturity date of the world soybean
varied greatly (75-201 d) in Nanjing...” Address: 1 Soybean
Research Institute, Nanjing Agricultural Univ.; MOA
National Center for Soybean Improvement.
2958. Mourtzinis, Spyridon; Conley, S.P. 2017. Delineating
soybean maturity groups across the United States (Open
Access). Agronomy Journal 109(4):1397-1403. July/Aug.
[35 ref]
• Summary: “Photoperiod and in-season temperature are
the primary factors that dictate the region where a soybean...
variety is adapted. The first study that defined hypothetical
maturity groups (MGs) zones across the US was 45 yr
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ago [Scott and Aldrich 1970], and the most recent used
data up to 2003. Although, photoperiod remains constant,
climatic conditions, management practices, and soybean
genetics have changed during the past decades. Therefore,
the objective of this study was to re-delineate soybean
MGs across the US using recent genetics.” Address: Dep.
of Agronomy, 1575 Linden Drive, Univ. of Wisconsin,
Madison, WI 53706.

“The extent of the damage led University of Missouri
weed specialist and assistant professor Kevin Bradley to say:
‘I don’t know that we’ve ever in our agricultural history ever
seen one active ingredient do so much damage across one

2959. Organic and Non-GMO Report (The) (Fairfield, Iowa).
2017. Dicamba disaster. Weed scientist: Dicamba herbicide
drift disaster may be worst in U.S. history. No. 176. Sept. p.
30, 32.
• Summary: Long subtitle: “3.1 million acres in 17 states
damaged: Monsanto wouldn’t allow universities to test
dicamba formula before it was released.”
“Crop damage caused by drift from dicamba herbicide,
used with Monsanto’s genetically modified crops, has
spread to 3.1 million acres, and may be the worst episode of
pesticide damage in U.S. agricultural history, according to
a University of Missouri weed specialist. More than 2,240
official complaints of crop damage related to dicamba have
been recorded across 17 states this year.
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nation like that.’
“In Tennessee, Larry Steckel, weed specialist at the
University of Tennessee, said the damage is ‘so widespread
it’s kind of overwhelming.’
“The damage has resulted from Monsanto’s introduction
of genetically modified soybeans and cotton that are resistant
to dicamba herbicide. This year farmers planted an estimated
20 million acres of dicamba-resistant GM soybeans and 5
million acres of GM cotton.
“Farmers are using older and newer formulas of
dicamba herbicides with the GM crops, but the herbicides
are volatizing or turning from a liquid to a gas and damaging
other crops.
“Crops damaged include non-dicamba resistant
soybeans, fruits, and vegetables. Missouri’s leading peach
producer lost 30,000 trees last year due to dicamba damage.
“Dicamba has been used in agriculture for decades.
However, new GM crops developed by Monsanto must be
used with specific formulations of dicamba, and until now
many believed these drift incidents were the result of illegal
formulations of dicamba being applied to fields.

“But the extent of damage now being observed is
casting doubt on this theory, and raising more questions as
to whether the new dicamba formulations are actually the
cause of the widespread drift. The new dicamba formulations
include Monsanto’s Xtendimax with VaporGrip, BASF’s
Enge-nia, and DuPont’s FeXapan.
“Monsanto has blamed the drift problems on everything
but the shortcomings of its own dicamba formula. They say
farmers are using the illegal dicamba formulas, not using
the newer formulas correctly, and spraying in bad wind
conditions, among other reasons.
“But research at the University of Arkansas has found
that all dicamba formulas they tested, including Monsanto’s
Xtendimax, have shown drift problems.
“It was recently revealed that Monsanto denied requests
by university researchers to study its Xtendimax formula for
volatility before the product was marketed.
“(Sources: Harvest Public Media, Bloomberg, Delta
Farm Press, Reuters).”
2960. Liu, Limin; Zhang, X.; Chen, F.; et al. 2017. Analysis
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of promoter activity reveals that GmFTL2 expression differs
from that of the known Flowering Locus T genes in soybean.
Crop Journal (The) 5(5):438-48. Oct. [53 ref]
• Summary: “Regulation of flowering is one of the key
issues in crop yield. The Flowering Locus T (FT) gene is a
well-known florigen, which integrates various signals from
multiple flowering-regulation pathways to initiate flowering.
We previously reported that there are at least six FT genes
(GmFTL1-6) in soybean displaying flowering activity.
However, the individual functions of genes GmFTL1-6
remain to be identified.” Address: College of Agriculture,
Northeast Agricultural Univ., Harbin 150030, China.
2961. Nguyen, Henry T. ed. 2017. Achieving sustainable
cultivation of soybeans. Breeding and cultivation techniques.
London: Burleigh Dodds Science Publishing. 286 p. Illust.
(color). Series: Burleigh Dodds Series in Agricultural
Science, No. 30. *
• Summary: This, the first volume of this two-volume
collection. contains many chapters by various authors.
Contents: Part 1: Plant physiology and breeding
1. Advances in understanding soybean physiology and
growth, by M.B. Zhang and X.T. Chu, Centre for Integrative
Legume Research, University of Queensland, Australia;
H.N. Su, University of Queensland, Australia, and National
Navel Orange Engineering Research Center, Gannan
Normal University, China; A.H. Hastwell, P.M. Gresshoff
and B.J. Ferguson, Centre for Integrative Legume Research,
University of Queensland, Australia.
2. Maintaining and utilizing the genetic diversity of
soybeans, by Randall Nelson, USDA-ARS and University of
Illinois, USA.
3. Advances in conventional soybean breeding
techniques, by E.E. Large, E. Beche, D. Mutoni and A.
Scaboo, University of Missouri, USA.
4. Mapping the soybean genome: Xiaobo Wang, Anhui
Agricultural University, China; and Lijuan Qiu, Chinese
Academy of Agricultural Sciences, China.
5. Advances in marker-assisted breeding of soybeans: T.
Vuong, University of Missouri, USA; and D. Walker, USDAARS and University of Illinois, USA.
6. Advances in genetic modification of soybeans:
Wensheng Hou, Chinese Academy of Agricultural Sciences,
China.
7. Advances in the drought and heat resistance of
soybean: Heng Ye, Babu Valliyodan, Li Song, J. Grover
Shannon, Pengyin Chen and Henry T. Nguyen, University of
Missouri, USA.
8. Towards improving the salt tolerance of soybean:
Ailin Liu, Wai-Lun Cheung, Wai-Shing Yung, Carol Lee,
Fuk-Ling Wong, Kit-Wah Siu and Hon-Ming Lam, Center
for Soybean Research of the Partner State Key Laboratory
of Agrobiotechnology and School of Life Sciences, The
Chinese University of Hong Kong, Hong Kong SAR, China.

9. Advances in flood-tolerant varieties of soybean, by C.
Wu and W. Hummer, University of Arkansas, USA; P. Chen,
G. Shannon, H. Ye and H.T. Nguyen, University of Missouri,
USA; G. Kaur and J. Orlowski, Mississippi State University,
USA; T. Carter, USDA-ARS, USA; and B. Buckley,
Louisiana State University, USA.
Part 2: Cultivation techniques.
10. Modelling the effects of temperature and
photoperiod on soybean reproductive development, by H.
Yang, University of Nebraska, USA.
11. Defining and implementing best management
practices in soybean production. by Daniel B. Reynolds,
Mississippi State University, USA.
12. Sustainable soybean production research and
practice: contrasting case studies from three soybean
production areas: Roger W. Elmore, Rodrigo Werle and
Charles Wortmann, University of Nebraska, USA; Phinehas
Tukamuhabwa, Makerere University, Uganda; and Nathan
Mueller, University of Nebraska, USA.
13. Supporting smallholders in soybean cultivation:
the example of Zimbabwe: Byron Zamasiya and Kefasi
Nyikahadzoi, University of Zimbabwe, Zimbabwe. Address:
Univ. of Missouri, USA.
2962. Roseboro, Ken. 2017. Whitewash book reveals
“strategic deception” about safety of Roundup weed-killer.
Organic and Non-GMO Report (The) (Fairfield, Iowa) No.
178. Nov. p. 22-24.
• Summary: “Glyphosate, the main ingredient in
Monsanto’s Roundup herbicide, is the most widely used
herbicide in the U.S. with more than 300 million pounds
sprayed every year, mostly with Monsanto’s Roundup Ready
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genetically modified crops. Despite Monsanto’s claims of
safety, there have been growing concerns about negative
health and environmental impacts of glyphosate, backed by a
mounting body of published research.
“With a laser-like focus, veteran journalist Carey Gillam
has been chronicling the glyphosate controversy first as a
senior correspondent for Reuters international news service
for two decades and now in her landmark book, Whitewash:
The Story of a Weed Killer, Cancer, and the Corruption of
Science.
“Gillam’s book goes to the heart of the debate over the
use of toxic chemicals in our foods and the extent to which
large corporations will push their billion dollar pesticide
agenda at the expense of public health.
“Gillam is currently research director for the nonprofit
consumer group U.S. Right to Know, whose mission is
to educate and inform consumers about the often-hidden
practices and policies that shape the food system.
“I recently interviewed Carey Gillam about Whitewash.
“What led you to write Whitewash? Carey Gillam: I was
inspired by more than 20 years working at Reuters, writing
about food and agriculture and the agro-chemical industry. I
also have a real admiration for farmers, who are on the front
lines, producing our food. But they are dealing with all these
chemicals, and they are being misled about the safety and
necessity of these chemicals.
“To me it’s a compelling story about how a very
powerful corporation has controlled the marketplace and
dominated it to such an extent that they have pushed this
dangerous chemical, glyphosate, in many ways and to such
pervasive use that it’s in our food supply, our water, and our
bodies. It literally touches every one of us, almost every time
we put something in our mouth. I thought this is an important
example of how out of balance we have gotten with pesticide
dependence in food production and how our regulators
are not necessarily putting public interest above corporate
interests. I felt there was a lot there that the public needed to
know.
“You gained access to Monsanto’s internal
communications and government agency documents. What
were some things that you found?
“Gillam: Jaw-dropping is the best way to describe some
of the documents that I and others have uncovered. As a
longtime journalist, I’m a bit of a hardened cynic. But to see
the level of deceit and intentional deception that Monsanto
has pursued to me is just jaw-dropping. The documents and
research demonstrate beyond a shadow of a doubt that this
is a company that worked very hard to manipulate scientific
studies, to collude with friends within regulatory agencies,
to alter or suppress information that would be harmful to
their interests, and to employ or collaborate secretly with
academics around the world–all to essentially trick the
public.
“It has been one deceit after another, year after year after

year. One example that really gets to me is Bruce Chassy
(former University of Illinois professor of food science). He
set up Academics Review, an online website that purports
to be an independent scientific review of scientists and
journalists. The documents discuss how Monsanto didn’t
want anybody to know they were involved, that they wanted
to be in the background. But Monsanto funds money for the
site, and they have a list of people to attack. It’s just such
a blatant, deceptive tactic. They set it up and fund it, and it
doesn’t look like Monsanto is behind it. Meanwhile they are
funneling all this money to Professor Chassy through his
university and university foundation.
“And the questions I keep asking are: if glyphosate is
truly so safe, why does Monsanto feel the need to ghost write
research studies? Why do they pay academics to put their
names on papers and to draft their presentations? Why do
they get writers like (pro-GMO columnist) Henry Miller to
put articles in publications like Forbes? There would be no
need for all this if glyphosate was such a safe chemical.
“This is strategic deception. It’s not accidental or
ambiguous. It’s intentional, and it’s all about generating
billions of dollars in revenue for a very powerful company.
“What was an example of collusion between Monsanto
and government regulators?
“Gillam: A 1983 study looking at the impact of
glyphosate on mice is one example. The staff people,
toxicologists, and other scientists at EPA believed that the
study showed carcinogenicity of glyphosate. Monsanto
fought back on that, leveraged its political arm twisting
muscle, and was able to rope in enough high powered people
to shut down the toxicologists within the EPA. They were
able to get the interpretation of that study changed.
“I understand there are lawsuits against Monsanto by
people who say their cancers were caused by glyphosate. Tell
me about that.
“Gillam: The individual story that most resonated with
me is that of Teri McCall, whose husband Jack suffered
horribly before dying of cancer in 2015. The McCall family
lived a simple life, raising avocadoes and citrus fruits on
their Cambria, California farm, using no pesticides other than
Roundup in their orchards. Jack’s death from non-Hodgkin’s
lymphoma, a type of cancer linked to glyphosate, devastated
Teri and her children and grandchildren.
“That is how I open Whitewash. The first chapter
also introduces a lot of other people suffering from nonHodgkin’s lymphoma. People who have lost loved ones or
are suffering from it, and believe it was from their use of
Roundup. There are about 3000 plaintiffs in the U.S. suing
Monsanto over this, and the plaintiffs’ attorneys expect the
number will grow to 10,000 plaintiffs.
“The allegations are almost identical: that Monsanto
knew and covered up that Roundup causes non-Hodgkin’s
lymphoma.
“IARC (International Agency for Research on Cancer)
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said in March 2015, when they released their report on
glyphosate, that they found what they call limited evidence
linking it to cancer with the strongest of that evidence linking
it to non-Hodgkin’s lymphoma. Some studies show two to
three times the risk for non-Hodgkin’s lymphoma if you use
glyphosate multiple times a year.
“While IARC found limited evidence linking glyphosate
to non-Hodgkin’s lymphoma in humans, they found
sufficient evidence of a link in animals. There is a much
more robust body of glyphosate/cancer research on animals;
studies involving mice and rats.
“Is there much published research showing a link
between negative health impacts and glyphosate?
“Gillam: There are a lot of published studies, and that’s
a whole chapter in my book. There have been studies done
all over the world that raise questions about glyphosate
safety for genotoxicity issues, genetic mutations with specific
types of cancer, chromosomal damage, and how it effects
other bodily functions and the DNA.
“Monsanto is now introducing dicamba resistant GM
crops with a dicamba herbicide formula. This year 3.1
million acres of crops have been damaged by dicamba drift.
What are your thoughts about this?
“Gillam: This goes to the bigger picture of what I
hope to convey in Whitewash. We have lost any sense of
balance, and we are on a pesticide treadmill. It is insane to
address an herbicide resistant weed problem that stems from
overuse of an herbicide, by pouring on more of that herbicide
in combination with another, perhaps more dangerous,
herbicide. You are not solving problems; you are simply
pushing problems down the road, and making them bigger.
It’s not smart, and that’s not just me saying that but also
agricultural experts. But it’s profitable for some big chemical
companies.
“When you were a reporter at Reuters, there was
pressure from corporate interests to have you removed from
writing about GMOs and pesticides. Can you tell me about
this?
“Gillam: There was pressure from day one from
Monsanto and others in the agrochemical industry, but
primarily from Monsanto. They were constantly on me and
or an editor if they didn’t feel a story was favorable to them.
In 2012 or 2013, glyphosate started to become a big issue. It
was partly because of GMO labeling initiatives and because
research was raising questions about the safety of glyphosate
and weeds were becoming resistant to it. So I was writing
more and more about those problems. There were calls
for me to be removed from my beat (covering GMOs and
pesticides). The Academics Review website that was secretly
set up by Monsanto attacked me. They said that I shouldn’t
be reporting both sides of the issue because the science was
settled and that I was wrong to quote critics and shouldn’t
raise questions. It became very difficult to do my job at
Reuters with so much pressure from the industry and from an

editor who was concerned about the complaints.
“What do see as solutions to the GMO-pesticide
treadmill?
“Gillam: There is a whole chapter in the book on
seeking solutions. The book doesn’t say to buy only
organic though I talk about organic and its benefits. Organic
agriculture is a way to reduce the pesticide load and improve
soil health. Farmers don’t have go organic necessarily but
they do have to look for alternatives to pesticides, such as
more cover cropping and diversity in crop rotations; just the
time-honored traditional farming methods. There is a whole
lot you can do with just more diversity in your fields. In a
lot of ways the last chapter is all about getting off pesticide
dependence. For example, rethinking corn; do we need this
much corn? And rethinking government policies; what we
are subsidizing and what we are encouraging.
“What do you hope readers take away from Whitewash?
“Gillam: I hope readers will want to be engaged in the
larger discussion and debate about how we build a future that
adequately balances the risks and rewards associated with
these pesticides. As Whitewash shows, the current system
is designed to pump up corporate profits much more than it
is to promote long-term environmental and food production
sustainability. There are many powerful forces at work to
keep the status quo, to continue to push dangerous pesticides,
almost literally down our throats. It’s up to the rest of us to
push back.
“I guess the message in my book is let’s all take a
deep breath, realize that we’ve gone on off the deep end on
pesticide use, and reflect on how that is damaging our health
and our environment, and what steps we can all take to get
back into balance.” Address: Editor.
2963. Tran, Thu M.; Braun, David M. 2017. An inexpensive,
easy-to-use, and highly customizable growth chamber
optimized for growing large plants. Current Protocols in
Plant Biology 2:299-317. Dec. 1.
• Summary: “The ability to grow plants in highly controlled
and reproducible environments is a critical factor for
successful plant biology experiments. This protocol
describes a simple and inexpensive method for constructing
a fully automatic controlled growth chamber that can be
easily adapted in plant biology laboratories as well as
classrooms. All the materials described in this protocol can
be found in garden and home improvement stores or through
websites.” Well suited for such large plants as maize / corn
and soybeans. Address: 1. Div. of Biological Sciences,
Interdisciplinary Plant Group, and Missouri Maize Center,
Univ. of Missouri, Columbia, Missouri; 2. Plant Imaging
Consortium, United States.
2964. Soybean Innovation Lab Weekly Digest. 2017. SIL
works to improve soybean genetics at lower latitudes.
3(12):1. Dec. 7. http://mailchi.mp/illinois/sils-weekly-digest-
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hot-off-the-press
• Summary: “There is a high demand for soybean in
African countries, but available varieties are poor yielding.
This can be partially attributed to inadequate adaptation
of soybean to tropical climates. Maturity genes and genes
that affect the time spent by the plant in its juvenile stage
interact to make soybean adapted or non-adapted to tropical
environments. SIL researchers are working to understand
how maturity, long juvenile, and stem architecture traits
can influence the adaptation of soybean to low latitudes,
specifically in northern Ghana. By understanding the
influence of these genetic components on adaptation, it may
be possible to control season length and improve yields
over current African soybean varieties. Data collected from
360 experimental lines grown in Ghana over two growing
seasons can be used by breeders to select for the strongest
genetic background for future varietal releases.
“Learn more about SIL’s work on Low-Latitude
Soybean Genetics.
“The long juvenile trait influences flowering time in
low latitudes, which characterize tropical climates. Stem
architecture includes the determinate or indeterminate
phenotypes, which regulate terminal stem growth. By
understanding the influence of these genetic components on
adaptation, it may be possible to control season length and
improve yield greater than the current African varieties.
“To achieve this objective, six populations were
initiated. Over 360 experimental lines were created with
varying allelic combinations individually controlling the
genes of interest. Phenotypic measurements were taken when
populations were advancing in a winter nursery in Upala,
Costa Rica. The populations segregating for all genes of
interest exhibited a potentially advantageous phenotype for a
tropical climate: tall, heavily podded plants with about a 110
day season.
“The lines will be yield tested in four locations in
Ghana for two years. Yield components and measurements
will be correlated to genotype to understand which allelic
combinations produce the highest yielding, adapted soybean
variety in that environment. This data can be used when
breeders select for the strongest genetic background for
future released varieties.
A large color photo shows a soybean trial field. The
caption: “Low-latitude experimental soybean lines under
evaluation in northern Ghana. Image credit: SIL.”
2965. Langewisch, Tiffany; Lenis, J.; Jiang, G.L.; Wang, D.;
Pantalone, V.; Bilyeu, K. 2017. The development and use of
a molecular model for soybean maturity groups. BMC Plant
Biology 17:91. doi:10.1186/s12870-017-1040-4 [33 ref]
• Summary: “Conclusions: The E gene maturity model
proposed will enable plant breeders to more effectively
transfer traits into different MGs and increase the overall
efficiency of soybean breeding in the US and Canada.

The powerful yet simple selection strategy for increasing
soybean breeding efficiency can be used alone or to directly
enhance genomic prediction/selection schemes. The results
also revealed previously unrecognized aspects of artificial
selection in soybean imposed by soybean breeders based
on geography that highlights the need for plant breeding
that is optimized for specific environments.” Address: Plant
Genetics Research Unit, United States Dep. of AgricultureAgricultural Research Service, Univ. of Missouri, 110 Waters
Hall, Columbia, MO 65211.
2966. Yamaguchi, Naoya; Ohnishi, Shizen; Miyoshi,
Tomoaki. 2018. Screening for chilling-tolerant soybeans at
the flowering stage using a seed yield- and maturity-based
evaluation method. Crop Science 57(1):312-20. Jan/Feb. [30
ref. Eng]
• Summary: Six chilling-tolerant (CT) soybean varieties
were selected by focusing on seed yield and early maturity.
These are: Maple Arrow, AC Proteus, Ceresia, Pelvoux,
Silvia, and Mazowia. Five breeding lines were developed
from a cross of the CT varieties Mazowia and Toyoharuka
(TH). All five breeding lines matured earlier than TH and had
yields similar to that of TH under normal conditions in the
field. “The six CT cultivars found in this study will be useful
for chilling tolerance breeding.” Address: 1&3. Hokkaido
Research Organization, Tokachi Agric. Exp. Station, Shinsei,
Memuro-cho, Kasai-gun, Hokkaido 082-0081, Japan.
2967. Betts, Lynn. 2018. Measure dicamba risks: new
formulations are effective, but weed scientists say vapor and
drift losses are biologically significant. Corn and Soybean
Digest. March. p. 4, 6.
• Summary: There has been a love-hate relationship between
farmers and dicamba for years. Maps show: (1) “Estimated
dicamba-injured soybean acreage (Reported by state weed
scientists, Oct. 15, 2017).” Total: 3.6 million acres of
soybeans were injured by dicamba. (2) “Official dicambarelated injury investigations (Reported by state agricultural
departments, Oct., 2017).” Total: 2,708 injury investigations.
Dicamba works, but it is “also known for its ability to
move off target through volatization and particle drift, where
it can cause serious damage.” The warmer the temperature,
the more it moves off target.
It was widely used from about 1971 into the 1980s,
when dicamba-based Banvel used in combination with 2,4D was the most popular post-emergence herbicide program
for corn production. Today its use is recommended only as a
preemergence herbicide on Xtend soybeans.
Soybeans are hypersensitive to damage at the
reproductive stage when the plant is blooming.
Dicamba is used more in southern states than in the
north.
Note: Why are farmers using dicamba? Because many
weeds have evolved resistance to Roundup. Here is an
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example of the pesticide treadmill.
2968. Carter, Luke Harris. 2018. Soybean root growth and
yield response to variable rate irrigation. MSc thesis, Auburn
University, Auburn, Alabama. x + 65 p. Illust. [112 ref]
• Summary: “Abstract: A changing climate and an
increasing world population result in a greater need of
food. Water secures and increases yield. However, water
use and irrigation timing need to be optimized to limit
negative effects on natural resources. The objectives of this
project are to determine how irrigation affects soybean root
development through minirhizotron observation and evaluate
yield performance of soybean cultivars under different
irrigation regimes.”
Root analysis: “Minirhizotrons have been developed
as an alternative to rhizotrons for collecting nondestructive
root data. A modern minirhizotron system consists of a tube
that is inserted into the ground, a color camera to record
imagery, and a small computer for viewing. When creating
a minirhizotron root system, installation should occur in the
crop row soon after germination. Developing root systems
can be observed throughout the growing season at varying
depths and in a spectrum of conditions. Using root-analysis
software, data can be considered when assessing plant health.
Minirhizotrons have been utilized in a vast range of research
from forests (Joslin and Wolfe, 1999) to deserts (Phillips et
al., 2000) to agricultural systems (Volkmar, 1993). Table 1
shows the benefits and problems associated with each root
analysis method.” Address: Auburn, Alabama.
2969. Zdziarski, Andrei Daniel; Todeschini, M.H.; Milioli,
A.S.; Woyann, L.G.; Madureira, Alana; Stoco, M.G.; Benin,
G. 2018. Key soybean maturity groups to increase grain
yield in Brazil. Crop Science 58(3):1155-65. May/June. [22
ref. Eng]
• Summary: The concept of maturity groups (MG),
developed in the USA, does not work very well in areas
where soybeans are insensitive to photoperiod. “The MG is
related to photoperiod; thus, the longer the photoperiod, the
shorter the MG of cultivars must be to have an adequate life
cycle. However, there is no consensus on which MGs are the
most suitable for each region to improve grain yield.”
“During the 1970s and before, soybean production in
Brazil was restricted to high-latitude regions (33-22ºS) from
Rio Grande do Sul to north of Parana state. This was because
only accessions originating from North American germplasm
collections were available, and they were adapted to highlatitude conditions. Soybean sensitivity to photoperiod
is the main factor limiting its expansion at low latitudes,
as it is a short-day plant. Thus, when cultivated at lower
latitudes, soybean cultivars without a long juvenile period
are characterized by early flowering, which reduces crop
development and, consequently, grain yield.”
Note: This is the earliest document seen (Aug. 2018)

that contains the term “sensitivity to photoperiod” in
connection with soybeans. Address: Dep. de Agronomia,
Univ. Tecnológica Federal do Paraná, Via do Conhecimento,
Km 01, Pato Branco 85503-390, Brazil.
2970. Zhao, Jing; Zhang, Wei; Qiu, Q.; Meng, F.; Zhang, M.;
Rao, D.; Wang, Z.; Yan, X. 2018. Physiological regulation
associated with differential tolerance to iron deficiency in
soybean. Crop Science 58(3):1349-59. May/June. [49 ref]
• Summary: “Iron deficiency is a common abiotic stress that
occurs mostly in alkaline soil with high pH and occasionally
in soil with a high cation-exchange capacity (Vasconcelos
and Grusak, 2014). Iron deficiency has become a yieldlimiting factor in many agricultural areas, often leading
to large areas of Fe chlorosis, growth retardation, yield
decrease, or even no harvest (Ivanov et al., 2012; Briat et al.,
2015).” Address: Soybean Research Institute, Jilin Academy
of Agricultural Sciences/National Engineering Research
Center for Soybean, Changchun, Jilin 130033, China.
2971. Khojely, Dalia M.; Ibrahim, S.E.; Sapey, Enoch; Han,
T. 2018. History, current status, and prospects of soybean
production and research in sub-Saharan Africa (Open
Access). Crop Journal (The) 6(3):226-35. June. [94 ref]
• Summary: Contents: 1. History of soybean introduction
and cultivation in SSA (Sub-Saharan Africa). 2. Current
status of soybean production in SSA. 3. Soybean utilization
in SSA. 4. Soybean research in SSA. 4.1. Scientific staffing
of national soybean improvement programs in SSA. 4.2.
Breeding tropical soybean for SSA. 4.2.1. Introduction of
soybean germplasm to SSA. 4.2.2. Variety development and
adoption in SSA. 4.2.3. Breeding “promiscuous” varieties for
nodulation with Rhizobium. 4.2.4. Use of the long juvenile
(LJ) trait in tropical soybean breeding. 4.3. Soybean crop
management and soil fertility in SSA. 5. Potential of the
soybean industry in SSA. Acknowledgments. References.
1. History of soybean introduction and cultivation in
SSA: Sub-Saharan Africa (SSA) is geographically the area
of the African continent that is situated south of the Sahara,
approximately between 15ºN and 35ºS. SSA comprises
48 countries and has a total area of 21.2 million square
kilometers and 600 Mha of arable land, of which <10% is
currently cultivated. Thus, SSA is the largest underutilized
land reserve in the world.
“Soybean has a relatively brief history of introduction
and commercial cultivation in SSA countries [1]. It was
introduced to SSA in the 19th century by Chinese traders
along the east coast of Africa [2]. The first record of
cultivation of soybean in South Africa was in 1903 [3].
Soybean was first cultivated in Tanzania in 1907 and Malawi
in 1909 [2]. In 1908, soybean was introduced to Nigeria
[3] and was cultivated as an export crop in a small area in
Benue state, where the introduced variety `Malayan’ was
adopted. The crop is usually grown in smallholdings in
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mixed cropping with sorghum or maize or as an intercrop
in citrus orchards. Like Nigeria, Zaire has a long history of
soybean production by indigenous farmers. Soybeans were
introduced and promoted first by missionaries before the
nation gained independence, and are considered a medicinal
food to prevent and cure the wasting effects of malnutrition
in Zaire. Soybean was first introduced to Sudan in 1910 [3].
Further introductions in the country were made in 1912,
and in 1949, soybean was planted in southwest Sudan
to prevent severe malnutrition among infants, children,
and pregnant and lactating women [4]. Further soybean
introductions were continued [5] with special efforts to
encourage soybean cultivation in SSA. 2. Current status
of soybean production in SSA Agriculture is the primary
industry and the development driver in SSA. There is a
wide range of agro-ecological regions in SSA, including
three major zones: moist savanna, Sudan savanna, and
mid-altitude zones, representing respectively 29%, 31%,
and 40% of the total cropland in SSA. The three zones are
considered to be of high potential for growing soybean
[6]. The moist savanna zone, which has high potential for
crop and livestock production and is widely viewed as the
emerging breadbasket of SSA, is characterized by a growing
period of 150 to 270 days, adequate rainfall (900-1100
mm), high solar radiation, fertile soils, and low disease and
insect pressures. Late-maturing soybean varieties are most
suitable for this zone. The Sudan savanna has annual rainfall
of 600 mm [7]. This zone is frequently subject to drought
stress during crop growth and development, and extra-earlymaturing and drought tolerant soybean varieties are grown
and perform well in this zone. The mid-altitude regions
also have conditions favorable for high soybean yields,
including cool temperatures (permitting good crop growth),
adequate rainfall (700-900 mm) in most areas, and some
fertile volcanic soils. The soybean planting area in SSA has
increased dramatically, from 20,000 ha in the early 1970s
to 1,500,000 ha in 2016. This increase has been the primary
factor in raising soybean production in SSA by 177-fold,
from 13,000 t [metric tons] in the early 1970s to 2,300,000 t
in 2016 [8]. Average soybean yield in SSA has stagnated at
1.1 t per ha in the last four decades, in contrast to the world
average of 2.4 t per ha. The low soybean yields in SSA
may be accounted for largely by poor-performing varieties
and lack of sustained rhizobial inoculant use and fertilizer
application [9].
“In SSA, South Africa is the largest soybean producer in
2016, followed by Nigeria, Zambia, and Uganda [8]. Other
SSA countries, including Zimbabwe, Malawi, Ghana, Sudan,
and Ethiopia, have also experienced sizeable commercial
soybean expansion.” Planting area and production in the
leading soybean-producing countries in SSA during 19872016 are shown in Fig. 1; Fig. 2, respectively. Average
yields in South Africa, Nigeria, Zambia, and Uganda during
2012 to 2016 are presented in Table 1. In 2016, South

Africa (2290 kg per ha) and Zambia (1940 kg per ha) had
the highest average yields, followed by Nigeria (960 kg per
ha) and Uganda (600 kg per ha) in SSA. During the last two
decades, Nigeria, South Africa, and Uganda have maintained
their positions as leading soybean-producing countries in
the region. The reasons behind their successful soybean
production include (1) governmental policies to produce food
locally rather than depending on imports; (2) progress in
research to improve varieties and practices adapted to a wide
range of agro-climatic zones; (3) emphasis on developing
recipes that substitute or incorporate soybeans in traditional
foods; (4) willingness of local manufacturers to use soybeans
in baby foods and for vegetable oils and animal feeds; and
(5) promotion of soybean production and utilization by
organizations, agricultural development projects, hospitals,
schools, and local governments. South Africa and Nigeria
offer the best examples in SSA of the potential for soybean
production and use. Soybean production has increased
dramatically, from 84,000 t in 1987 to 1,320,000 t in 2016 in
South Africa and from 40,000 t in 1987 to 680,000 t in 2016
in Nigeria (Fig. 2). Address: 1. MOA Key Lab. of Soybean
Biology (Beijing), Inst. of Crop Sciences, Chinese Academy
of Agricultural Sciences, Beijing 100081, China; Gezira
Research Station, Agricultural Research Corp. (ARC), Wad
Medani, Sudan.
2972. Fried, Harrison Gregory; Narayanan, Sruthi; Fallen,
Benjamin. 2018. Characterization of a soybean (Glycine max
L. Merr.) germplasm collection for root traits (Open Access).
PLoS ONE 13(7): e0200463. 19 p. July 11. [75 ref]
• Summary: “Abstract: Root systems that improve resource
uptake and penetrate compacted soil (hardpan) are important
for improving soybean (Glycine max L. Merr.) productivity
in optimal and sub-optimal environments. The objectives
of this research were to evaluate a soybean germplasm
collection of 49 genotypes for root traits, determine whether
root traits are related with plant height, shoot dry weight,
chlorophyll index, and seed size, and identify genotypes
that can penetrate a hardpan. Plants were maintained under
optimal growth conditions in a greenhouse. Single plants
were grown in mesocosms, constructed of two stacked
columns (top and bottom columns had 25 and 46 cm height,
respectively, and 15 cm inside diameter) with a 2-cm thick
wax layer (synthetic hardpan; penetration resistance, 1.5
MPa at 30ºC) in between. Plants were harvested at 42 days
after planting. Significant genetic variability was observed
for root traits in the soybean germplasm collection, and
genotypes that penetrated the synthetic hardpan were
identified. Genotypes NTCPR94-5157, NMS4-1-83, and
N09- 13128 were ranked high and PI 424007 and R01581F were ranked low for most root traits. Shoot dry weight
and chlorophyll index were positively related with total
root length, surface area, and volume, and fine root length
(Correlation coefficient, r GE 0.60 and P-value < 0.0001
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for shoot dry weight and r GE 0.37 and P-value < 0.01 for
chlorophyll index). Plant height was negatively correlated
with total root surface area, total root volume, and average
root diameter (r GE 0.29, P-value < 0.05). Seed size was
not correlated with any root traits. The genetic variability
identified in this research for root traits and penetration are
critical for soybean improvement programs in choosing
genotypes with improved root characteristics to increase
yield in stressful or optimum environments.” Address: 1-2.
Dep. of Plant and Environmental Sciences, Clemson Univ.,
Clemson, South Carolina.
2973. Craft, John Clayton. 2018. Evaluating the response
of modern soybean cultivars to commercial foliar and soilapplied nitrogen fertilizers. MSc thesis, The Ohio State
University. ix + 99 p. Tables. 28 cm. [160+ ref]
• Summary: This thesis consists of four chapters: (1)
Literature review: Soybean history, soybean industry
overview, soybean growth and development, Ohio soybean
production practices, Soybean nutrient requirements, impact
of nodulation, nodule formation and N2 fixation, evaluating
N2 fixation and nodule activity, soybean N fertilization
practices, tables, references.
(2) Foliar N impact on soybean nodulation,
development, maturation, yield, and seed quality.
(3). Comparison of soil and foliar applied nitrogen in
soybeans. (4) Research reflection. “Conclusion: Soybeans
lack of response to N fertilization may be attributed to
another environmental factor limiting yield potential. This
research suggests rates of 30 lbs N per acre soil-applied
fertilizer and 5.9 to 11.8 lbs N per acre of foliar-applied N
fertilizer may not provide a yield return and therefore would
not an advisable practice under conditions similar to those
examined in this study. The N treatments did not impact
cultivars from different maturity group ratings as previously
hypothesized, but the conclusion (regardless of cultivar)
is similar. The results of this study should help in making
future recommendations for soybean nutrient management.”
Address: Ohio.
2974. Fried, Harrison Gregory. 2018. Evaluation of soybean
genotypes for root morphology, hardpan penetrability, water
use efficiency, and yield. MSc thesis, Clemson University.
viii + 116 p. Dec. [158 ref]
• Summary: “Abstract: Drought stress has been identified
as the major environmental factor limiting soybean... yield
in the United States and other parts of the world. Water use
efficiency (WUE) that results in greater yield per unit of
rainfall is an important parameter in determining crop yields
in rain-fed production systems, and is often related with
crop drought tolerance. Even though roots are major plant
organs that perceive and respond to drought stress, their
utility in improving soybean yield and WUE under different
environmental and management conditions are largely

unclear...
“Two independent controlled-environmental
experiments were conducted to evaluate 49 genotypes for
root morphological traits and root penetrability of synthetic
hardpans.”
“The high yielding genotypes NTCPR94-5157, N0913890, NC-Raleigh, and SC07-1518RR, and cultivar Boggs
(intermediate in yield), possessed high WUE and had
increased root penetrability of hardpans characterized by
PRL. These genotypes (NTCPR94-5157, N09-13890, NCRaleigh, SC07-1518RR, and Boggs) offer useful genetic
materials for improving yield, drought tolerance, and/or
hardpan penetrability in soybean breeding programs.”
References appear at the end of each of the 3 chapters.
Address: Plant Environmental Sciences Dep., Clemson
Univ., South Carolina.
2975. Jiang, Guo-Liang; Rutto, Laban K.; Ren, Shuxin.
2018. Evaluation of soybean lines for edamame yield traits
and trait genetic correlation (Open Access). HortScience
53(12):1732-36. Dec. [25 ref]
• Summary: “The objective of this study was to evaluate
the fresh edamame yield and related agronomic traits in
locally bred soybean cultivars and/or breeding lines of
MGs [maturity groups] V and VI and to analyze the trait
correlations, to help the identification and development of
adapted superior edamame cultivars with desired traits for
the United States.” The following traits for 16 edamame
varieties were investigated: plant height, fresh biomass, pod
yield, pod ratio, fresh seed yield, seed ratio, and 100-seed
weights. The seed yield ranged from 3,294 to 5,399 kg per
ha. Address: Agricultural Research Station, Virginia State
Univ., P.O. Box 9061, Petersburg, VA 23806.
2976. Adie, M.M.; Krisnawati, A. 2018. Identification of
soybean genotypes adaptive to tropical area and suitable for
industry (Open Access). IOP Conference Series: Earth and
Environmental Science 102:012045. 7 p. doi :10.1088/17551315/102/1/012045 [34 ref]
• Summary: “Soybeans in Indonesia are mostly used for raw
material of tempeh industry. This study aims to identify 150
soybean genotypes for their suitability for raw materials of
tempeh and adaptability to be developed in tropical area of
Indonesia. The research material consisted of 150 soybean
genotypes. The field research was conducted in Malang
from February to May 2016, using a randomized block
design with two replicates. The identification of 150 soybean
genotypes showed 30.67% of super early maturity (<75
days), 50% of early maturity (76–79 days), and 19.33% were
medium maturity (80–90 days). In the group of super early
maturity, 11 genotypes were yielded between 3.01–3.69 t/
ha and the 100 seed weight ranged from 15.27–20.18 g. In
the early maturity group, there were 23 genotypes with seed
yields between 3.01–3.66 t/ha, and the 100 seed weight
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ranged from 13.90–20.23 g.”
“Processed soy-based food in Indonesia has large
variation, for example tempeh tofu, soy sauce, milk, tauco
[Indonesian miso], etc, and of a wide range of soybean food
products in Indonesia, tempeh and tofu are the most popular
foods. Based on Susenas data [2], the level of tempeh
consumption in Indonesia reached 6.95 kg/capita/year. So
far, Indonesia still import soybean about 67.28% or as many
as 1.96 million tons to meet the domestic demand.”
Note: Tempeh is mentioned 36 times in this article.
Address: Indonesian Legumes and Tuber Crops Research
Institute, Jl Raya Kendalpayak Km 8, Malang 65101.
2977. Cai, Yupeng; Chen, L.; Liu, X.; Guo, C.; et al. 2018.
CRISPR/Cas9-mediated targeted mutagenesis of GmFT2a
delays flowering time in soya bean. Plant Biotechnology
Journal 16(1):176-85. [54 ref]
• Summary: “Flowering is an indication of the transition
from vegetative growth to reproductive growth and has
considerable effects on the life cycle of soya bean... In this
study, we employed the CRISPR/Cas9 system to specifically
induce targeted mutagenesis of GmFT2a, an integrator in the
photoperiod flowering pathway in soya bean.” Address: 1-4.
National Center for Transgenic Research in Plants, Inst. of
Crop Sciences, Chinese Academy of Agricultural Sciences,
Beijing, China.
2978. Djanaguiraman, Maduraimuthu; Schapaugh, W.;
Fritschi, F.; Nguyen, H.; Prasad, P.V.V. 2019. Reproductive
success of soybean (Glycine max L. Merrill) cultivars and
exotic lines under high daytime temperature. Plant, Cell &
Environment 42(1):321-36. Jan. [92 ref]
• Summary: Note: Issue 1 is a special issue on legumes with
many articles about soybeans.
“Abstract The objectives were to (a) quantify the effects
of high daytime temperature (HDT) from gametogenesis
to full bloom on photosynthesis and pod set in soybean...
genotypes and (b) assess the relationships among
photosynthesis, cardinal temperatures for pollen germination,
in vitro pollen germination percentage, canopy reflectance,
and pod-set percentage.” Address: 1-2. Dep. of Agronomy,
Kansas State Univ., Manhattan, KS.
2979. Foyer, Christine H.; Siddique, K.H.M.; Tai, A.P.K.;
Anders, S.; Fodor, N.; Wong, F.L.; Ludidi, N.; Chapman,
M.A.; Ferguson, B.J.; Considine, M.J.; Zabel, F.; Prasad,
P.V.V.; Varshney, R.K.; Nguyen, H.T.; Lam, H.M. 2019.
Modelling predicts that soybean is poised to dominate
crop production across Africa. Plant, Cell & Environment
42(1):373-85. Jan. https://doi.org/10.1111/pce.13466 [76 ref]
• Summary: “Abstract: The superior agronomic and human
nutritional properties of grain legumes (pulses) make them
an ideal foundation for future sustainable agriculture.
Legume-based farming is particularly important in Africa,

where small-scale agricultural systems dominate the food
production landscape. Legumes provide an inexpensive
source of protein and nutrients to African households as well
as natural fertilization for the soil. Although the consumption
of traditionally grown legumes has started to decline, the
production of soybeans... is spreading fast, especially across
southern Africa. Predictions of future land-use allocation
and production show that the soybean is poised to dominate
future production across Africa.”
Note: Issue 1 is a special issue on legumes with many
articles about soybeans. Address: 1. Centre for Plant
Sciences, Faculty of Biological Sciences, Univ. of Leeds,
Leeds, UK.
2980. Liu, Ailin; Xiao, Z.; Li, M-W; Wong, F-L.; et al. 2019.
Transcriptomic reprogramming in soybean seedlings under
salt stress. Plant, Cell & Environment 42(1):98-114. Jan.
[100 ref]
• Summary: “Abstract: To obtain a comprehensive
understanding of transcriptomic reprogramming under salt
stress, we performed whole-transcriptome sequencing on the
leaf and root of soybean seedlings subjected to salt treatment
in a time-course experiment (0, 1, 2, 4, 24, and 48 hr). This
time series dataset enabled us to identify important hubs and
connections of gene expressions. We highlighted the analysis
on phytohormone signaling pathways and their possible
crosstalks...”
Note: Issue 1 is a special issue on legumes with many
articles about soybeans. Address: Centre for Soybean
Research, Partner State Key Lab. of Agrobiotechnology and
School of Life Sciences, The Chinese Univ. of Hong Kong,
Shatin, Hong Kong Special Administrative Region, China.
2981. Prince, Silvas J.; Valliyodan, B.; Ye, H.; et al. 2019.
Understanding genetic control of root system architecture
in soybean: Insights into the genetic basis of lateral root
number. Plant, Cell & Environment 42(1):212-29. Jan. [80
ref]
• Summary: “To our knowledge, we have collected the
largest RSA dataset; this enabled the identification of SNPs
associated with root architectural traits in soybean. Utilizing
the genetic diversity, we were able to identify major and
rare loci governing an important trait, LRN, in soybean.
More functional validation efforts are needed to confirm the
specific roles and the associated physiological mechanisms
of these genes including Glyma.16G141800 in soybean
root development and field performances. SNP variants in
Glyma.16G141800 gene associated with the major QTL for
LRN could facilitate the marker-assisted selection of this low
heritable trait and can be utilized to overcome limitations in
the selection of soybean genotypes with modified RSA and
yield protection in water-limited environments.”
Note: Issue 1 is a special issue on legumes with many
articles about soybeans. Address: Div. of Plant Sciences,
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Univ. of Missouri, Columbia, MO 65211.
2982. Song, Yu; Zhang, H.; You, H.; Liu, Y.; Chen, C.; et
al. 2019. Identification of novel interactors and potential
phosphorylation substrates of GsSnRK1 from wild soybean
(Glycine soja). Plant, Cell & Environment 42(1):145-57. Jan.
[60 ref]
• Summary: “In conclusion, this work has mapped a high
quality interaction network of GsSnRK1 in wild soybean.
By using yeast two-hybrid screens, we have identified a
couple of known and unknown proteins that demonstrated in
vitro and in vivo interactions with GsSnRK1 and potential
phosphorylation by GsSnRK1 kinases, suggesting that
SnRK1 kinases act as central integrators of developmental,
physiological, and environmental signals. These novel
interactions will expand our views to understand the
functions of these kinases and provide more clues for us to
dissect their regulating mechanisms.”
Note: Issue 1 is a special issue on legumes with
many articles about soybeans. Address: 1-5. Key Lab.
of Agricultural Biological Functional Genes, Northeast
Agricultural Univ., Harbin 150030, People’s Republic of
China.
2983. Veerappa, Roopadarshini; Slocum, R.D.; Siegenthaler,
A.; et al. 2019. Ectopic expression of a pea apyrase enhances
root system architecture and drought survival in Arabidopsis
and soybean. Plant, Cell & Environment 42(1):337-53. Jan.
[89 ref]
• Summary: Note: Issue 1 is a special issue on legumes with
many articles about soybeans.
“The effects of psNTP9 were not restricted to
Arabidopsis, because its expression in soybeans improved
the RSA, growth, and seed yield of this crop and supported
higher survival in response to drought. Our results indicate
that in both Arabidopsis and soybeans, the constitutive
expression of psNTP9 results in a more extensive RSA and
improved survival in drought stress conditions.” Address: 1,
3-5. Dep. of Molecular Biosciences, The Univ. of Texas at
Austin, Austin, Texas.
2984. Escamilla, Diana M.; Rosso, Maria L.; Holshouser,
David L.; Chen, Pengyin; Zhang, Bo. 2019. Improvement of
soybean cultivars for natto production through the selection
of seed morphological and physiological characteristics and
seed compositions: A review. Plant Breeding 138(2):131-39.
April. [77 ref]
• Summary: “Natto soybean has increased in popularity
due to its nutritional value and health benefits. Thus, the
natto soybean market provides additional opportunities
for farmers. The development of soybean cultivars with
improved natto quality characteristics is crucial for
maintaining and increasing the natto soybean market. Goodquality characteristics of natto are determined by soybean

cultivar, processing conditions and bacteria strain. Natto
quality evaluation generally determined by sensory panels
is time consuming. Therefore, indirect selection for natto
quality based on seed traits is preferred.” Address: 1. Dep. of
Agronomy, Purdue Univ., West Lafayette, Indiana.
2985. Li, Kai; Zhang, X.; Guo, J. 2019. Feeding of Riptortus
pedestris on soybean plants, the primary cause of soybean
staygreen syndrome in the Huang-Huai-Hai river basin. Crop
Journal (The) 7(3):360-67. June. [37 ref]
• Summary: “Staygreen syndrome or Zhengqing in soybean
has recently become a major issue for Chinese growers in
the Huang-Huai-Hai river basin. Although previous studies
revealed that staygreen can be induced when pods/seeds are
damaged, it is unknown whether virus infection or insect
infestation causes staygreen.” Address: Soybean Research
Inst., Nanjing Agricultural Univ., Nanjing 210095, Jiangsu,
China.
2986. Yin, Wenchao; Dong, N.; Niu, M.; et al. 2019.
Brassinosteroid-regulated plant growth and development and
gene expression in soybean. Crop Journal (The) 7(3):411-18.
[37 ref]
• Summary: “Abstract: Brassinosteroids (BRs) are
endogenous phytohormones that play important roles in
regulating plant growth and development. In this study,
we evaluated the effects of brassinolide (BL, one of
the active BRs) on soybean and identified roles of the
hormone in regulating multiple aspects of plant growth and
development.” Address: National Key Facility for Crop Gene
Resources and Genetic Improvement, Inst. of Crop Sciences,
Chinese Academy of Agricultural Sciences, Beijing 100081,
China.
2987. Jo, Hyun; Lorenz, A.J.; Rainey, K.M.; Shannon, J.G.;
Chen, P.; Bilyeu, K.D. 2019. Environmental stability study
of soybeans with modified carbohydrate profiles in maturity
groups 0 to V. Crop Science 59(4):1531-43. July/Aug. [37
ref]
• Summary: “Soybean varieties that have seed composition
characteristics that improve the value of the meal while still
allowing high yields are desirable. The raffinose family of
oligosaccharides (RFO) are antinutritional carbohydrates
that reduce the nutritional energy of soybean meal, whereas
sucrose can be considered nutritionally beneficial in soybean
meal.” Address: 1. Div. of Plant Sciences, Univ. of Missouri,
Columbia. MO 65211.
2988. Sato, Kei; Jitsuyama, Y.; Yamada, T.; Baohui, Liu;
Abe, J. 2019. Structural features of the aleurone layer of
the seed coat associated with imbibition injury in soybean.
Breeding Science 69(2):364-70. [24 ref]
• Summary: “Soybean... seeds are prone to imbibition
injury caused by a rapid uptake of water. Genetic variation
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in imbibition injury tolerance is well documented, but the
underlying mechanisms remain unclear. The aim of this
study was to clarify the role of the aleurone layer of seed
coat in the tolerance and its structural differences between
tolerant and susceptible cultivars. Imbibition injury tolerance
was closely related to the water absorption rate of seeds,
which was regulated by the aleurone layer of the seed coat.”
Address: Research Faculty of Agriculture, Hokkaido Univ.,
Sapporo, Hokkaido 060-8589, Japan.
2989. Zhang, Xi; Xu, R.; Hu, W.; et al. 2019. Involvement of
sulfur assimilation in the low beta subunit content of soybean
seed storage protein revealed by comparative transcriptome
analysis. Crop Journal (The) 7(4):504-15. Aug. [55 ref]
• Summary: “Abstract: The beta subunit of soybean... seed
storage protein is of great significance in sulfur-containing
amino acid balance and soybean processing properties.”
Address: 1-3. College of Agriculture, Yangtze Univ.,
Jingzhou 434025, Hubei, China.
2990. Boehm, Jeffrey D., Jr.; Abdel-Haleem, H.; Schapaugh,
W.T., Jr.; et al. 2019. Genetic improvement of US soybean in
maturity groups V, VI, and VII. Crop Science 59(5):1838-52.
Sept/Oct. [62 ref]
• Summary: “Genetic improvement of soybean seed yield
and composition are ultimate breeding goals. During the past
80 yr, breeders have selected for high yield and other desired
traits to make genetic improvements. To quantify the genetic
changes to seed yield, yield stability, and other important
agronomic and end-use quality traits, we evaluated 93
soybean cultivars in Maturity Groups (MG) V, VI, and VII
that were released from 1928 to 2008.”
Note: The term “genetic gain(s)” is used 40 times in
this document. For example: “When genetic gain studies are
conducted, it is common to simultaneously evaluate yield
stability (Voldeng et al., 1997;...).” “There are two types
of stability: (i) static stability, in which the performance
of a genotype remains relatively unchanged irrespective
of environment, and (ii) dynamic stability, in which the
performance of a genotype changes in a predictable manner
when evaluated in a wide range of environments (Becker
and Léon, 1988;...).” Address: 1-2. Inst. of Plant Breeding,
Genetics and Genomics and Dep. of Crop and Soil Sciences,
Univ. of Georgia, Athens, GA 30602.
2991. Bruce, Robert W.; Grainger, C.M.; Ficht, A.;
Eskandari, M.; Rajcan, I. 2019. Trends in soybean trait
improvement over generations of selective breeding. Crop
Science 59(5):1870-79. Sept/Oct. [24 ref]
• Summary: “Improvement of agronomic and seed quality
traits in soybean... occurs in breeding programs as a result of
crossing elite soybean genotypes and selection of superior
offspring in each cycle. The objective of this study was to
evaluate changes in traits over 100 yr of selection in Ontario,

Canada, in two soybean breeding programs at the University
of Guelph: Guelph Campus (Maturity Group [MG] 0 and I)
and Ridgetown Campus (MG II) programs.”
“Yield increased in the Guelph Campus cultivars by
17.1 kg per ha per yr and by 15.7 kg per ha per yr in the
Ridgetown Campus cultivars.”
Note: Soybean is an important crop in crop rotations
in Ontario, often following corn and preceded by winter
wheat. Address: 1-3. Dep. of Plant Agriculture, Crop Science
Building, Univ. of Guelph, 50 Stone Road East, Guelph, ON,
N1G 2W1 [Canada].
2992. Li, Jiajia; Zhao, J.; Li, Y.; Gao, Y.; Hua, S. 2019.
Identification of a novel seed size associated locus SW9-1 in
soybean. Crop Journal (The) 7(4):548-59. [97 ref]
• Summary: “Abstract: Seed size is one of the vital traits
determining seed appearance, quality, and yield. Untangling
the genetic mechanisms regulating soybean 100-seed weight
(100-SW), seed length and seed width across environments
may provide a theoretical basis for improving seed yield.
However, there are few reports related to QTL mapping
of 100-SW across multiple ecological regions.” Address:
1-2. School of Agronomy, Anhui Agricultural Univ., Hefei
230036, Anhui, China.
2993. Oki, Nobuhiko; Takagi, K.; Ishimoto, M.; Takahashi,
M.; Takahashi, M. 2019. Evaluation of the resistance effect
of QTLs derived from wild soybean (Glycine soja) to
common cutworm (Spodoptera litura Fabricius). Breeding
Science (Japan) 69(3):529-35. [33 ref]
• Summary: Looking for quantitative trait loci (QTLs) for
antixenosis resistance. Address: 1. National Agriculture and
Food Research Organization, Kyushu Okinawa Agricultural
Research Center, 2421 Suya, Koushi, Kumamoto 861-1192,
Japan.
2994. Reed, Heidi K.; Karsten, H.D.; Curran, W.S.; Tooker,
J.F.; Duiker, S.W. 2019. Planting green effects on corn and
soybean production. Agronomy Journal 111(5):2314-25.
Sept/Oct. [46 ref]
• Summary: “Planting green refers to planting the main crop
into a living cover crop... Soybean yield was not influenced
by planting green.” Address: Dep. of Plant Science, The
Pennsylvania State Univ., 116 Agricultural Sciences and
Industries Building, University Park, PA 16802.
2995. Song, Wenwen; Sun, S.; Ibrahim, S.E.; et al. 2019.
Standard cultivar selection and digital quantification for
precise classification of maturity groups in soybean (Open
Access). Crop Science 59(5):1997-2006. Sept/Oct. [40 ref]
• Summary: “The maturity group (MG) system is widely
used to group soybean... varieties based on their growth
periods and photothermal responses. However, there is
still no universal standard or quantifiable methodology for
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MG classification. In this study, phenological traits of 107
Chinese, 4 Far East Russian representative soybean varieties,
and 113 North American reference varieties covering 13
MGs were evaluated at eight locations (ranging from 30
to 50º N) in four ecoregions of China for two consecutive
years (2014 and 2015). Relative maturity groups (RMGs)
were attributed to all the varieties based on the linear
regression models. To decimalize the RMG values of the
early-maturing varieties belonging to MGs below 0, negative
values were defined for MGs 00, 000, and 0000. The
additive main effects and multiplicative interaction (AMMI)
model was used to screen 185 standard candidate varieties
for MGs 0000 to VIII. This study provided a systematic
and quantifiable methodology for RMG identification in
soybeans. The methodology is expected to be widely adopted
by soybean regionalization and germplasm exchanges
throughout the world and will be helpful for characterizing
the photothermal sensitivity and adaptability of the given
soybean varieties.”
“The soybean... is a typical short-day plant and is
sensitive to photoperiod and temperature (Garner and Allard,
1920, 1930).” Address: 1-2. MOA Key Lab. of Soybean
Biology (Beijing), Inst. of Crop Sciences, Chinese Academy
of Agricultural Sciences, Beijing 100081, China.
2996. Yamaguchi, Naoya; Hagihara, S.; Hirai, D. 2019. Field
assessment of a major QTL associated with tolerance to coldinduced seed coat discoloration in soybean. Breeding Science
(Japan) 69(3):521-28. [5 ref]
• Summary: “In Hokkaido, the northernmost region of
Japan, soybean... crops are damaged by cold weather.
Chilling temperatures negatively affect seed appearance by
causing seed coat discoloration around the hilum region,
which is called cold-induced discoloration (CD). An assay
for CD tolerance using a phytotron was developed, and two
quantitative trait loci (QTLs) associated with CD tolerance
were identified.” Address: Hokkaido Research Organization,
Tokachi Agric. Exp. Station, 2, Minami 9 sen, Shinsei,
Memuro-cho, Kasai-gun, Hokkaido 082-0081, Japan.
2997. Yang, Wenying; Wu, T.; Zhang, X.; Song, W.; et
al. 2019. Critical photoperiod measurement of soybean
genotypes in different maturity groups. Crop Science
59(5):2055-61. Sept/Oct. [20 ref]
• Summary: “Critical photoperiod is the dividing
daylength between photoperiod sensitivity and photoperiod
insensitivity phases and is one of the most important
indicators of photoperiod sensitivity. However, the
appropriate experimental treatment and calculation
method for quantifying the critical photoperiod are poorly
documented. To characterize the photoperiod response of
genotypes, 72 soybean genotypes belonging to 14 different
maturity groups (MG 0000-MG X) were included, and
five photoperiod treatments of 12-, 14-, 16-, 18-, and 20-h

daylength were conducted in the consecutive 3 yr from
2015 to 2017. The piecewise linear regression model based
on the median function was used to determine the critical
photoperiod.” Address: Inst. of Crop Sciences, Chinese
Academy of Agricultural Sciences, 12 Zhongguancun South
St., Beijing 100081, China.
2998. Liu, Shiping; Xue, H.; Zhang, K.; et al. 2019. Mapping
QTL affecting the vertical distribution and seed set of
soybean [Glycine max (L.) Merr.] pods (Open Access). Crop
Journal (The) 7(5):694-706. Oct. [44 ref]
• Summary: “Number of pods per plant and number of seeds
per pod are quantitative, multigenic traits and important
components of yield in soybean... Pods are distributed
unevenly in the upper, middle, and lower segments of the
plant and this distribution is affected by sowing date (SD).”
Address: Key Laboratory of Soybean Biology, Ministry
of Education, Key Laboratory of Soybean Biology and
Breeding/Genetics, Ministry of Agriculture, Northeast
Agricultural University, Harbin 150030, Heilongjiang,
China.
2999. Tian, Yu; Liu, B.; Shi, X.; Reif, J.C.; et al. 2019. Deep
genotyping of the gene GmSNAP facilitates pyramiding
resistance to cyst nematode in soybean (Open Access). Crop
Journal (The) 7(5):677-84. Oct. [37 ref]
• Summary: “The soybean host genome harbors at least
two major genes for resistance (rhg1 and Rhg4), as well as
a minor locus (SCN3-11). In the present study, a splicing
site in GmSNAP11, the potential causal gene of SCN3-11,
was identified by comparison of the GmSNAP11 cDNA
sequences generated from resistant and susceptible soybean
accessions.” Address: 1-3. The National Key Facility for
Crop Gene Resources and Genetic Improvement (NFCRI)/
Key Lab of Germplasm Utilization (MOA), Institute of
Crop Sciences, Chinese Academy of Agricultural Sciences,
100081 Beijing, China.
3000. Wang, Jie; Zhou, Pengfei; Shi, Xiaolei; Yang, Na; Yan,
Long; Zhao, Qingsong; Yang, Chunyan; Guan, Yuefeng.
2019. Primary metabolite contents are correlated with seed
protein and oil traits in near-isogenic lines of soybean (Open
Access). Crop Journal (The) 7(5):651-59. Oct. [53 ref]
• Summary: “Soybean... is an important source of human
dietary protein and vegetable oil. A strong negative
correlation between protein and oil contents has hindered
efforts to improve soybean seed quality. The metabolic
and genetic bases of soybean seed composition remain
elusive. We evaluated metabolic diversity in a soybean
near-isogenicline (NIL) population derived from parents
(JD12 and CMSD) with contrasting seed oil contents. Using
GC-TOF/MS, we compared seed primary metabolites
of high protein/low oil lines, low protein/high oil lines,
and their parents. Principal-components analysis showed
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that metabolic profiles of all progeny lines could be
discriminated based on protein and oil contents. Univariate
analysis revealed wide variation and transgressive
segregation of metabolites in the population. Twenty-eight
annotated metabolites, in particular free asparagine, free
3-cyanoalanine, and L-malic acid, were correlated with seed
protein content or seed oil content or seed protein and oil
content. These results shed light on the metabolic and genetic
basis of soybean seed composition.” Address: 1. College of
Resources and Environment, Fujian Provincial Key Lab. of
Haixia Applied Plant Systems Biology, Fujian Agriculture
and Forestry Univ., Fuzhou 350002, Fujian, China.
3001. Thorp, Emily Elizabeth. 2019. Drought tolerance in
soybean: methods for improvement. MSc thesis, Iowa State
University. 36 p.
Address: Ames, Iowa.
3002. Chaudhary, Juhi; Shivaraj, S.M.; Kathri, Praveen; Ye,
Heng; et al. 2019. Approaches, applicability, and challenges
for development of climate-smart soybean. In: Chittaranjan
Cole, ed. 2019. Genomic Designing of Climate-Smart
Oilseed Crops. Cham, Switzerland: Springer. xxv + 498 p.
See p. 1-74. *
• Summary: Note: This volume includes eight major crops:
Soybean, oilseed rape, groundnut, sunflower, flax, rape and
mustard, sesame, and castor bean. Address: 1. Div. of Plant
Sciences, Univ. of Missouri, Columbia, MO; 2. Université
Laval, Quebec City, Quebec [Canada].
3003. Quach, Truyen Ngoc; Nguyen, Lan-Anh Thi; Nguyen,
Nga Thi; Nguyen, Cuc Thi Nguyen; Dam, Thang Quang;
Dinh, Linh Thu; Nguyen, Hoan Tri. 2019. Soybean PI
675847 A as a new source of salt tolerance. Plant Genetic
Resources: Characterization and Utilization 17(1):33-34.
doi:10.1017/S1479262118000266. [35 ref]
• Summary: “Abstract: Soil salinity is a major limitation to
legume production in many areas of the world. Identification
of the genetic source of salt tolerance is critical in soybean
breeding for improving soybean production in salt-affected
regions. Vietnam has unique sources of soybean germplasm
and varieties are grown in the area where exposure to
salinity is frequent. However, there is little research on the
identification of salt tolerant sources in the Vietnamese gene
pool. The present study compared 18 Vietnamese soybean
cultivars for their differences in salt tolerance.” Address: 1-3.
Dep. of Plant Physiology, Biochemistry and Product Quality,
Field Crops Research Inst., Hanoi, Vietnam.
3004. Vollmann, Johann. 2020. Re: The soybean is a
“subtropical” crop plant. Letter (e-mail) to William Shurtleff
at Soyinfo Center, Jan. 20. 1 p. [Eng]
• Summary: “You asked me why we called the soybean a
‘subtropical’ crop plant.

Soybean can be grown nowadays in northern, temperate
climates, in subtropical environments, in the tropics and
so on. This is probably due to adaptation during many
decades of plant breeding. Nevertheless, there is a general
classification and there are biological features supporting a
‘subtropical’ nature of soybean.
“Although domesticated in northeast of China, where it
is very cold (Harbin has temperatures of down to minus 20ºC
at the time!), soybean in classified as ‘subtropical’ (perhaps
not always explicitly) in many respects, which you can find
in many publications:
“+ Soybean is a warm season legume (such as cowpea,
Phaseolus beans etc.) in contrast to cool season legumes
(pea, lentil, faba bean etc.).
“+ Soybean temperature / climate requirements are said
to be similar to corn (which is tropical).
“Biological features:
“ + Soybean is a short-day plant in terms of flowering.
Short-day plants are typically adapted to lower latitudes,
whereas long-day plants (pea, faba bean, wheat, barley) are
adapted to longer daylengths of higher latitude regions.
“ + Soybean has a low tolerance to frost as compared to
pea and the other cool season legumes.
“ + In pea, faba bean and some others, there are winter
types available (like winter wheat, winter barley...), which is
not the case in soybean, corn...
“ + In northern regions, soybean is sensitive to chilling
temperatures even at flowering!
“ + Glycine soja, the wild progenitor of soybean is
scattered all over China.
“ + Diploid wild Glycine species are found only
in tropical regions of Australia and the Southeast Asian
archipelago.
“So, these are my major points.” Address: PhD, Inst.
of Agronomy & Plant Breeding, BOKU–Univ. of Natural
Resources and Applied Life Sciences Vienna, Gregor Mendel
Str. 33, A-1180 Vienna, Austria.
3005. Bu, Tiantian; Lu, Sijia; Wang, Kai; Dong, Lidong;
Li, Shilin; et al. 2020. A critical role of the soybean
evening complex in the control of photoperiod sensitivity
and adaptation. Proceedings of the National Academy of
Sciences, USA (PNAS) 118(8):e2010241118. Feb. 23.
• Summary: “In many plant species, the timing of flowering
is sensitive to photoperiod. In many crop species, genetic
variation in this sensitivity is critical for adaptation to
specific regions and management practices. This study
identifies a component of the genetic pathway controlling
flowering time in soybean, a legume crop of major global
importance. Notably, plants lacking this component flower
extremely late.” Address: Innovative Center of Molecular
Genetics and Evolution, School of Life Sciences, Guangzhou
University, 510006 Guangzhou, China.
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3006. Yan, C.; Song, S.; Wang, W.; Wang, C.; Li, H.; Wang,
F.; Li, S. 2020. Screening diverse soybean genotypes for
drought tolerance by membership function value based on
multiple traits and drought-tolerant coefficient of yield. BMC
Plant Biology. *
• Summary: “Drought is a major limiting factor seriously
influencing worldwide soybean production and its impact on
yield, morphological and physiological traits depend on the
timing it occurs and the intensity of water shortage.”
3007. Wikipedia–the free encyclopedia. 2020. Timeline
of Monsanto (Web article). https://en.wikipedia.org/wiki/
Timeline_of_Monsanto 2 p. Retrieved 28 Sept. 2020. [43 ref]
• Summary: 1901–Monsanto is founded in St. Louis,
Missouri, as a chemical company, [1] by John Francis
Queeny, a 30-year veteran of the pharmaceutical industry. Its
first products are commodity food additives, like the artificial
sweetener saccharin, caffeine, and vanillin. [2] 6[3] [4] [5]
[6]
1919–Monsanto expands into Europe in 1919 by
entering a partnership with Graesser’s Chemical Works at
Cefn Mawr, near Ruabon Wales, to produce vanillin, aspirin
and its raw ingredient salicylic acid.
1929–Monsanto’s shares go on sale at the New York
Stock Exchange. [7]
1935–Monsanto acquires the Swann Chemical Company
in Anniston, Alabama, entering the business of producing
PCBs on an industrial scale. [7] [8] [9] [10]
1936–Monsanto acquires the Thomas & Hochwalt
Laboratories in Dayton, Ohio, in order to acquire the
expertise of Charles Allen Thomas and Dr. Carroll A.
(“Ted”) Hochwalt. The acquisition was subsequently made
Monsanto’s Central Research Department. [11]:340-341
1940s (early)–Monsanto becomes one of the world’s
leading manufacturers in both rubber and plastics (like
polystyrene). [7]
1944–Monsanto begins manufacturing DDT.
1945–Monsanto starts producing and markets
agricultural chemicals, including 2,4-D [an herbicide]. These
eventually become what the company is known for. [12]
1946–Monsanto develops and markets the “All” laundry
detergent until they sell the product line to Lever Brothers in
1957. [13]
1952–Monsanto (a major manufacturer of 2,4,5-T)
informs the U.S. government that its 2,4,5-T is contaminated.
[14]
1961–President Kennedy authorizes the use of the
Rainbow Herbicide defoliants in the Vietnam War–many of
which are manufactured by Monsanto. This includes Agent
Orange, which is applied starting in 1965. These are used
until 1971. [7]
1960s (mid)–William Standish Knowles and his
team (at Monsanto) invent a way to selectively synthesize
enantiomers via asymmetric hydrogenation. This was an

important advancement because it was the first method for
the catalytic production of pure chiral compounds. [15]
1968–Monsanto becomes the first company to start mass
production of (visible) light emitting diodes (LEDs), using
gallium arsenide phosphide, ushering in the era of solid-state
lights. [16] Monsanto was a pioneer of optoelectronics in the
1970s.
1970–The United States Department of Agriculture halts
the use of 2,4,5-T (manufactured by Monsanto) on all food
crops except rice.
1972–DDT is banned under most circumstances.
1974–Harvard University [Massachusetts] and
Monsanto sign a ten-year industrial-funded research grant to
support the cancer research of Judah Folkman. [17] [18]
1974–Monsanto puts up Roundup, or glyphosate, on
the market. Glyphosate becomes one of the most commonly
used herbicides. [7]
1977–Monsanto stops producing Polychlorinated
biphenyls. [7]
1979–Monsanto strikes a deal with Genentech in 1979 to
license Genentech’s patents and collaborate on development
of a recombinant version of Bovine somatotropin.
1980–The first US Agent Orange class-action lawsuit is
filed for the injuries military personnel in Vietnam suffered
through exposure to dioxins in the defoliant. [19] The suit is
settled in 1984, with slightly over 45% of the sum paid by
Monsanto alone.
1983–Monsanto is one of four groups announcing the
introduction of genes into plants in 1983. [20]
1984–The trial of Kemner vs. Monsanto (one of
the Monsanto legal cases) opens in Illinois. [7] The case
involved a group of plaintiffs who claimed to have been
poisoned by dioxin in 1979 when a train derailed in
Sturgeon, Missouri. Tank cars on the train carried a chemical
used to make wood preservatives and “small quantities of
a dioxin called 2, 3, 7, 8, TCDD... formed as a part of the
manufacturing process.” [21]
1985–Monsanto purchases G. D. Searle & Company for
$2.7 billion in cash. [22] [23]
1986–Monsanto sells its American-based commodity
plastics, or polystyrene, business to Polysar Ltd., a Canadian
petrochemical company. [24]
1993–Monsanto’s Searle division files a patent
application for Celebrex. [25] [26]
1994–Monsanto introduces a recombinant version of
bovine somatotropin, brand-named Posilac. [27] 1995–
Monsanto’s potato plants producing Bt toxin (genetically
modified to make a crystalline insecticidal protein from
Bacillus thuringiensis) are approved for sale by the
Environmental Protection Agency, after having approved
by the U.S. FDA, making it the first pesticide-producing
genetically modified crop to be approved in the United
States. [28]
1996–Monsanto introduces genetically modified
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Roundup Ready soybeans that are resistant to Roundup
(greatly improving a farmer’s ability to control weeds, since
glyphosate could be sprayed in the fields without harming
their crops). [29]
1996–Monsanto acquires Agracetus, the biotechnology
company that had generated the first transgenic varieties of
cotton, soybeans, peanuts, and other crops, and from which
Monsanto had been licensing technology since 1991. [30]
1997–Monsanto spins off its industrial chemical and
fiber divisions into Solutia. [1] [31] This marks the beginning
of its pivot from chemical businesses into biotechnology.
1998–Monsanto introduces genetically modified
Roundup Ready corn that is resistant to Roundup. [29]
1999 Monsanto merges with Pharmacia and Upjohn,
[1] so the agricultural division became a wholly owned
subsidiary of the “new” Pharmacia.
2000–Pharmacia spins off its Monsanto subsidiary into
a new company, [1] the “new Monsanto”–which then raises
$700 million in a new IPO. [32] The “new Monsanto” is
legally distinct from the old pre-2000 Monsanto.
2000–Syngenta is formed in 2000 by the merger of
Novartis Agribusiness and Zeneca Agrochemicals. [33] [34]
By 2009, it ranks third in seeds and biotechnology sales. [35]
2007–Monsanto purchases Delta & Pine Land Company,
a major cotton seed breeder, for $1.5 billion. [36] As a
condition for approval from the Department of Justice,
Monsanto was obligated to divest its Stoneville [Mississippi]
cotton business, which it sold to Bayer, and to divest its
NexGen cotton business, which it sold to Americot. [37]
Monsanto also exited the pig breeding business by selling
Monsanto Choice Genetics to Newsham Genetics LC in
November, divesting itself of “any and all swine-related

patents, patent applications, and all other intellectual
property”. [38]:108
2013–Monsanto purchases the San Francisco-based
Climate Corp for $930 million. Climate Corp. makes more
accurate local weather forecasts for farmers based on data
modelling and historical data; if the forecasts were wrong,
the farmer was recompensed. [40]
2013–The March Against Monsanto, a worldwide
protest against Monsanto and GMOs takes place. [41]
2015–Monsanto rolls out seeds engineered with new
herbicide resistance, releasing dicamba-resistant cotton.
2016–Bayer acquires Monsanto for $56 billion. [42]
2016–Products Monsanto buys a license from Broad
Institute of Harvard University and MIT to use the CRISPR/
Cas9 gene-editing technology. [43]
3008. Organic and Non-GMO Report (The) (Fairfield,
Iowa). 2020. Adoption of genetically engineered crops in the
United States, 1995-2019: GMO crops continue to dominate
U.S. agriculture. No. 195. Sept/Oct. p. 32.
• Summary: “Genetically modified varieties of corn,
soybeans, and cotton continue to account for the majority
of those three crops in the United States. Based on data
from the U.S. Department of Agriculture, herbicide tolerant
soybeans accounted for 94% of all soybeans planted in the
U.S. in 2019, the same number it has been since 2014. The
soybeans are genetically altered to tolerate controversial
herbicides such as glyphosate and dicamba, as well as
glufosinate.
“Meanwhile, herbicide tolerant GMO cotton reached
95% of all cotton plantings in 2019, while Bt GMO cotton
varieties were 92% of all cotton varieties in 2019. Many
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cotton seeds have “stacked” herbicide tolerant and insect
resistant GMO traits.
“About 90% of corn varieties planted in 2019 are
herbicide tolerant, while 83% of corn varieties are insect
resistant Bt seeds. Similar to cotton, there are corn seed
varieties stacked with both GMO traits: herbicide tolerance
and insect resistance.”
“Note: HT indicates herbicide-tolerant varieties; Bt
indicates insect-resistant varieties (containing genes from
the soil bacterium Bacillus thuringiensis). Data for each crop
category include varieties with both HT and Bt (stacked)
traits.
“Source: USDA, Economic Research Service using
data from the 2002 ERES report. Adoption of Bioengineered
Crops (AER-810) for the years 1996-99 and National
Agricultural Statistics Service, (annual) June Agricultural
Survey for the years 2000-19.”
A color graph shows “Percent of planted acres” vs. years
for soybeans, cotton (2 types) and corn (2 types).

the long juvenile trait and harboring the loss-of-function
alleles for the J gene and verifying the effect of loss-offunction alleles on the long juvenile trait. Methods: A total
of 159 soybean genotypes were evaluated on the field for
two years in tropical city of Sanya, Hainan Islands, China
for days to beginning bloom (VE-R1), days to physiological
maturity (VE-R7), nodes/plant, pods/plant and plant height
at maturity. The full length of the J gene was cloned in the
159 soybean genotypes. The sequence data was subjected
to haplotype analysis to determine the genotypes with the
functional and loss of function alleles. Result: Significant
differences (p&lt; 0.05) were observed among genotypes
for all phenotypic traits. 53 genotypes were identified
with delayed flowering based on the phenotypic data.
Sequence comparison of the 159 genotypes identified 10
polymorphisms comprising 7 SNPs and three deletions in the
coding sequences, the three deletions resulted in the loss of
function of the J gene. Six genotypes with delayed flowering
had the loss-of-function alleles of the J gene.”

3009. Akanbi, Musa Oyebowale. 2020. Evaluation of
agronomic and drought response traits in two cultivars of
soybean for cultivation in the Transkei region of the Eastern
Cape. MSc thesis, University of the Western Cape. xiii + 90
p. [100+ ref]
• Summary: A very good thesis on an important subject.
Address: Dep. of Biotechnology, Univ. of Western Cape,
South Africa.

3012. Gupta, Sanjay; Agrawal, N.; Tripathi, R.; et al. 2021.
Long juvenility trait: A vehicle for commercial utilization
of soybean (Glycine max) in lower latitudes. Plant Breeding
00:1-18. DOI: 10.1111/pbr.12926 *
• Summary: Contents: Introduction: Soybean maturity
classification system and maturity genes, effect of short
days on vegetative biomass accumulation in soybean,
discovery and genetic basis of long juvenile trait, mapping,
identification and characteristics of long juvenile genes, J
gene, the J gene works downstream to E3 and E4 and is a
suppressor of E1 gene, Eg is not a separate gene but an allele
of J gene, flowering locus T genes FT2a and FT5a control
flowering in a wide range of photoperiods, FT2a regulates
through through bZIP transcription factor, E9 locus, the gene
responsible for E9 is FT2a, model for role of long juvenility
genes j (ELF3) and e9 (FT2a) and FT5a, utilization and
impact of long juvenility on world soybean production.
Conclusion.
“Soybean, a short-day plant, has its origin in higher
latitudes of China, and its commercial cultivation remained
confined to areas > 22ºN till 1970s due to precocious
flowering accompanied with reduced biomass in lower
latitudes. This review summarizes the effect of short days on
soybean phenology, discovery of a novel long juvenile (LJ)
trait, its role in breaking the latitudinal boundary for soybean
production, identification of genes and impact of LJ trait on
world soybean production... Based on the available data from
lower latitudes of Brazil, the contribution of the LJ trait is
estimated to 23.7% of the total world production.” Address:
ICAR, Indian Inst. of Soybean Researchm Indore, India.

3010. Chandra, Subhash; Taak, Y.; Rathod, D.R.; et al.
2020. Genetics and mapping of seed coat impermeability
in soybean using inter-specific populations. Physiology and
Molecular Biology of Plants 26(11) https://doi.org/10.1007/
s12298-020-00906-y Epub 6 Nov. 2020 [30 ref]
• Summary: “Seed coat impermeability (SCI) in soybean
is associated with seed viability under storage and quality
of processed products. Understanding genetics and
identification of linked molecular markers would facilitate
need-based utilization of seed coat impermeability. Two
impermeable wild type (G. soja Sieb. and Zucc.) accessions
viz. PI 424079 and PI 136620 were crossed with a permeable
cultivated (G. max) variety JS335 to generate the mapping
populations.” Address: 1-3. Div. of Genetics, ICAR-Indian
Agricultural Research Inst., New Delhi, India.
3011. Sapey, Enoch; Fang, T.; Khojely, D.M.; Song, W.;
Jiang, B.; et al 2021. Field-based screening and haplotyping
of J locus for long juvenile trait in tropical soybean
genotypes. Legume Research: An International Journal
44(5):515-21. May.
• Summary: “The long juvenile trait influences flowering
time of soybean under tropical conditions. The trait ensures
sufficient vegetative growth prior to flowering. The present
study aimed at identifying tropical soybean genotypes with

3013. Wikipedia, the free encyclopedia. 2021. Phytochrome
(Web article). https://en.wikipedia.org/wiki/Phytochrome 2
p. Retrieved July 4
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• Summary: “Phytochromes are a class of photoreceptor
in plants, bacteria and fungi used to detect light. They are
sensitive to light in the red and far-red region of the visible
spectrum and can be classed as either Type I, which are
activated by far-red light, or Type II that are activated by red
light. [2] Recent advances have suggested that phytochromes
also act as temperature sensors, as warmer temperatures
enhance their de-activation. [3] All of these factors contribute
to the plant’s ability to germinate.
“Phytochromes control many aspects of plant
development. They regulate the germination of seeds
(photoblasty), the synthesis of chlorophyll, the elongation
of seedlings, the size, shape and number and movement
of leaves and the timing of flowering in adult plants.
Phytochromes are widely expressed across many tissues and
developmental stages. [2].”
“Discovery: The phytochrome pigment was discovered
by Sterling Hendricks and Harry Borthwick at the USDAARS Beltsville Agricultural Research Center in Maryland
during a period from the late 1940s to the early 1960s.
Using a spectrograph built from borrowed and war-surplus
parts, they discovered that red light was very effective for
promoting germination or triggering flowering responses.
The red light responses were reversible by far-red light,
indicating the presence of a photoreversible pigment.
“The phytochrome pigment was identified using
a spectrophotometer in 1959 by biophysicist Warren
Butler and biochemist Harold Siegelman. Butler was also
responsible for the name, phytochrome.”
3014. Oliveira e Silva, Karen Fernanda; Val Melo, Bruno
Costa; Batista Moreira, Thiago; Rhys Williams, T.C. 2021.
Darkness and low-light alter reserve mobilization during
the initial growth of soybean (Glycine max (L.) Merrill).
Theoretical and Experimental Plant Physiology Epub Jan.
20.
• Summary: “Light is both a source of energy and a
developmental signal, and therefore has a major impact
upon initial seedling growth. This is particularly the case
for species where photosynthesis in the cotyledons makes a
significant contribution to carbon balance.” Address: Dep. of
Botany, University of Brasília, Campus Darcy Ribeiro, Asa
Norte, Brasília, Brazil.

An asterisk (*) at the end of the record means that SOYINFO
CENTER does not own that document. A plus after eng
(eng+) means that SOYINFO CENTER has done a partial
or complete translation into English of that document. An
asterisk in a listing of number of references [23* ref] means
that most of these references are not about soybeans or
soyfoods.
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SUBJECT/GEOGRAPHICAL INDEX BY RECORD
NUMBERS
Aarhus Oliefabrik (Aarhus, Denmark) 2668
Aburagé. See Tofu, Fried
Acid-base balance in diet and health. See Nutrition–Acid-Base
Balance
Acidophilus soymilk or soy acidophilus milk. See Soymilk,
Fermented
Adhesives, Asphalt Sealants and Preservation Agents, Caulking
Compounds, Artificial Leather, Foam, Polyols, and Other Minor or
General–Industrial Uses of Soy Oil as a Drying Oil 183, 223, 1487,
2616, 2702, 2759
Adhesives or Glues for Plywood, Other Woods, Wallpaper, Building
Materials, Etc.–Industrial Uses of Soy Proteins (Including Soy
Flour) 323, 881, 1487, 2083, 2616, 2630, 2702

Africa–Congo (formerly Zaire). Officially Democratic Republic of
the Congo (DRC or DR Congo). Also known as Congo-Kinshasa.
Named Zaire from Oct. 1971 to May 1997. Named Congo Free
State from 1855-1908, Belgian Congo (Congo Belge in French)
from 1908-1960, Republic of the Congo from 1960 to 1964, then
Democratic Republic of the Congo from 1964-1971 385, 617, 638,
737, 810, 913, 1416, 1450, 1739, 2451, 2971
Africa–Congo Republic (Officially Republic of the Congo or
People’s Republic of the Congo. Also known as Congo-Brazzaville.
Called Middle Congo {Moyen-Congo} from about 1880 to 1960.
Part of French Equatorial Africa from 1910 to 1958) 2451
Africa–Cote d’Ivoire (Ivory Coast until Oct. 1985; Part of French
West Africa from 1895-1959) 693, 2054, 2280, 2286, 2451, 2540
Africa–Djibouti (Also Jibuti; French Somaliland–Côte Française
des Somalis–from 1892 to 1967. French Territory of the Afars and
Issas from 1967 to 1977) 2451
Africa–Egypt. Named United Arab Republic (UAR) from 19581971 406, 610, 617, 693, 1487, 2129, 2173, 2267, 2280, 2286,
2451, 2540, 2593, 2713, 2719, 2812

Adjuvants, Carriers, and Surfactants for Pesticides, Herbicides, and
Other Agricultural Chemicals–Industrial Uses of Soy Oil as a NonDrying Oil 2159

Africa–Eritrea (Part of Ethiopia PDR from 1952 to May 1993) 617

ADM. See Archer Daniels Midland Co.

Africa–Ethiopia (Including Eritrea in Ethiopia PDR from 1952 to
May 1993. Formerly Part of Italian East Africa) 103, 617, 1888,
2054, 2110, 2451, 2628, 2631, 2964, 2971

Adulteration of Foods and its Detection 106
Africa–Gabon (Part of French Equatorial Africa from 1910 to 1958)
2340, 2451

Adzuki bean. See Azuki Bean
Africa–Algeria, Democratic and Popular Republic of 142, 257, 318,
366, 484, 617, 622, 638, 693, 1234, 1450, 2451, 2914

Africa–Gambia (The). Includes Senegambia.. 320, 385, 406, 623
Africa (General) 100, 104, 152, 185, 191, 192, 213, 265, 602, 618,
622, 646, 647, 693, 735, 1739, 1857, 1888, 2054, 2177, 2330, 2354,
2451, 2513, 2604, 2680, 2847, 2897, 2930, 2971, 2979

Africa–Angola 104, 791, 1739, 2451
Africa–Benin (Bénin in French; Dahomey before 1975; Part of
French West Africa from 1904-1960) 693, 1450, 2280, 2451

Africa–Ghana (Gold Coast before 1957) 320, 385, 406, 623, 693,
1643, 1739, 2106, 2286, 2451, 2964, 2971

Africa–Botswana (Bechuanaland until 1966) 2451
Africa–Burkina Faso (Upper Volta before 4 Aug. 1984) 2340, 2451,
2540

Africa–Guinea (French Guinea before 1958; Guinée in French; Part
of French West Africa from 1895-1958) 104, 174, 2451
Africa–Guinea-Bissau (Portuguese Guinea before Sept. 1974) 2451

Africa–Burundi (Part of the Belgian trust territory of RuandaUrundi or Belgian East Africa until 1962) 385, 2451
Africa–Cameroon (Spelled Kamerun from 1884-1916; Cameroun in
French) 279, 1858, 2054, 2340, 2451, 2932
Africa–Central African Republic (République Centrafricaine; Part
of Ubangi-Shari-Chad from 1906-1910. Then Ubangi-Shari or
Oubangui-Chari. Part of French Equatorial Africa from 1910-1960.
Called Central African Empire from 1976-1979; Centrafrique in
French) 1858, 2054, 2451

Africa–Introduction of Soybeans to. Earliest document seen
concerning soybeans in a certain African country 126, 279, 617,
623, 2662
Africa–Introduction of Soybeans to. Earliest document seen
concerning soybeans or soyfoods in connection with (but not yet in)
a certain African country 385
Africa–Introduction of Soybeans to. Earliest document seen
concerning the cultivation of soybeans in a certain African country
279, 617, 623, 2662

Africa–Chad 2451
Africa–Introduction of Soybeans to. This document contains the
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earliest date seen for soybeans in a certain African country 126,
279, 385, 617, 623, 913, 1853, 2054, 2662

Africa–Rwanda (Part of the Belgian trust territory of RuandaUrundi or Belgian East Africa until 1962) 385, 1853, 1858, 2451

Africa–Introduction of Soybeans to. This document contains the
earliest date seen for the cultivation of soybeans in a certain African
country 279, 385, 617, 623, 1853, 2054, 2662

Africa–Sao Tome and Principe, Democratic Republic of 2662

Africa–Kenya (British East Africa Protectorate from 1895.
Renamed Kenya Protectorate in 1920) 623, 1853, 1888, 2280, 2286,
2451, 2726, 2930

Africa–Senegal (Part of French West Africa from 1895-1959.
Sénégal & Sudanese Republic from June 20 to August 20, 1960.
Includes Senegambia) 1858, 2054, 2327, 2343, 2353, 2372, 2386,
2437, 2451, 2504
Africa–Seychelles, Republic of 623

Africa–Lesotho (Basutoland before 1966). Constitutional Monarchy
Surrounded by South Africa.. 623
Africa–Liberia 1902
Africa–Libya (Including Tripoli, Tripolitania, and Cyrenaica; Also
Spelled Libia) 617, 2451
Africa–Madagascar (Malagasy Republic or Republique Malgache
before 1975) 60, 104, 617, 1858, 2054, 2428, 2451
Africa–Malawi (Nyasaland from 1891-1964) 623, 1443, 1573,
1668, 1858, 2451, 2680, 2971
Africa–Mali (Part of French West Africa from 1895-1960. Senegal
& Sudanese Republic from June 20 to August 20, 1960. Formerly
also called French Sudan (Soudan français, created on 18 Aug.
1890) and Upper Senegal-Niger (Haute-Sénégal et Niger)) 2451
Africa–Mauritania, Islamic Republic of (Part of French West Africa
from 1904-1960) 2451
Africa–Mauritius (Ile Maurice, Including Rodriguez, in the
Mascarene Islands, 450 Miles East of Madagascar) 60, 406, 617,
623, 1450

Africa–Sierra Leone 320, 385, 406, 623, 2286, 2451
Africa–Somalia. (Formed in 1960 by the Union of British
Somaliland and Italian Somaliland. Formerly Part of Italian East
Africa) 2280, 2451
Africa–South Africa, Republic of (Including four former
Homelands–Bophuthatswana, Transkei, Venda, and Ciskei). Named
Union of South Africa from May 1910 to May 1961 103, 104, 134,
290, 294, 300, 305, 306, 318, 320, 406, 491, 614, 617, 623, 693,
695, 722, 737, 772, 1220, 1767, 1853, 1858, 1888, 2047, 2054,
2110, 2126, 2267, 2342, 2358, 2451, 2592, 2897, 2971, 3009
Africa–Soybean Production, Area and Stocks–Statistics, Trends,
and Analyses 1853, 2267
Africa–Sudan (Anglo-Egyptian Sudan from 1899-1956) 617, 623,
1888, 1902, 2280, 2451, 2971
Africa–Tanzania, United Republic of (Formed the Bulk of German
East Africa 1895-1946. Tanganyika existed 1920-1961. Created in
1964 by Merger of Tanganyika and Zanzibar) 220, 623, 877, 1287,
1450, 1739, 1853, 1858, 1888, 1902, 1947, 2119, 2134, 2451, 2540,
2680, 2847, 2897, 2971

Africa–Morocco, Kingdom of (Including Western Sahara. Divided
into French Morocco and Spanish Morocco from 1912-1956) 617,
622, 693, 877, 1212, 1450, 1947, 2280, 2451, 2914

Africa–Togo (Togoland until 1914) 693, 2451

Africa–Mozambique (Moçambique; Portuguese East Africa before
1975) 2451, 2488

Africa–Uganda 623, 695, 722, 865, 1853, 1888, 2209, 2451, 2961,
2971

Africa–Namibia (German South-West Africa from 1885 to 1915,
and South-West Africa from 1919 to 1966 as a mandate of the
Union of South Africa. Namibia came into popular use in 1966 and
became official in March 1990) 2451

Africa–Zambia (Northern Rhodesia from 1899-1964) 339, 623,
693, 1287, 1450, 1668, 1724, 1739, 1853, 1888, 2286, 2451, 2680,
2897, 2932, 2971

Africa–Tunisia 126, 318, 484, 617, 622, 693, 766, 877, 2451, 2696

Africa–Niger (Part of French West Africa from 1904-1959) 2451

Africa–Zimbabwe (Southern Rhodesia from 1923-1970, Rhodesia
from 1970-79) 339, 617, 623, 693, 1287, 1443, 1668, 1724, 1767,
1853, 1888, 2047, 2110, 2451

Africa–Nigeria, Federal Republic of 320, 385, 406, 623, 693, 1160,
1287, 1288, 1450, 1947, 1973, 1974, 2066, 2067, 2084, 2110, 2134,
2181, 2206, 2237, 2267, 2286, 2298, 2300, 2311, 2328, 2371, 2392,
2451, 2540, 2566, 2680, 2726, 2729, 2802, 2813, 2833, 2847, 2883,
2890, 2897, 2930, 2932, 2971

Agricultural Chemistry and Engineering, Bureau. See United States
Department of Agriculture (USDA)–Bureau of Agricultural and
Industrial Chemistry

Africa–Reunion (Réunion is a Department of France, in the
Mascarene Islands, 425 Miles East of Madagascar) 617

Agricultural colleges and universities, state. See Land-Grant
Colleges and Universities
Agricultural Experiment Stations in the United States 153, 194,
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197, 202, 203, 204, 214, 216, 221, 223, 225, 231, 238, 240, 241,
244, 245, 249, 251, 252, 255, 259, 260, 262, 264, 268, 273, 288,
290, 296, 301, 307, 312, 313, 324, 330, 331, 337, 338, 342, 344,
345, 358, 359, 362, 369, 372, 373, 374, 375, 377, 380, 387, 395,
399, 412, 421, 424, 426, 428, 430, 436, 438, 445, 446, 449, 450,
455, 469, 483, 489, 502, 518, 520, 522, 532, 534, 535, 562, 609,
615, 616, 625, 631, 637, 639, 641, 693, 740, 750, 758, 763, 783,
784, 797, 803, 805, 807, 819, 824, 830, 835, 836, 843, 844, 845,
848, 856, 858, 867, 868, 878, 880, 881, 882, 895, 898, 918, 919,
920, 937, 940, 944, 971, 991, 995, 1013, 1022, 1077, 1079, 1086,
1095, 1126, 1130, 1179, 1186, 1191, 1192, 1237, 1255, 1297, 1299,
1300, 1302, 1325, 1341, 1343, 1367, 1370, 1373, 1375, 1378, 1380,
1407, 1438, 1441, 1449, 1451, 1463, 1493, 1494, 1498, 1499, 1502,
1506, 1520, 1525, 1544, 1545, 1618, 1636, 1639, 1646, 1679, 1682,
1683, 1690, 1700, 1701, 1720, 1721, 1746, 1748, 1749, 1757, 1769,
1772, 1789, 1791, 1822, 1845, 1847, 1854, 1882, 1885, 1902, 1944,
1965, 1969, 2003, 2079, 2113, 2117, 2146, 2155, 2183, 2187, 2223,
2250, 2251, 2269, 2303, 2326, 2335, 2336, 2338, 2348, 2362, 2373,
2419, 2430, 2436, 2450, 2486, 2553, 2564, 2569, 2592, 2603, 2618,
2651, 2665, 2681, 2692, 2710, 2731, 2742, 2769, 2771, 2787, 2837,
2850, 2851, 2942
Agricultural Marketing Service of USDA. See United States
Department of Agriculture (USDA)–Agricultural Marketing Service
(AMS)
Agricultural Research Service of USDA. See United States
Department of Agriculture (USDA)–Agricultural Research Service
(ARS)
Agronomy, soybean. See Cultural Practices, Soybean Production
Alfalfa or Lucerne / Lucern (Medicago sativa) 65, 104, 107, 122,
128, 164, 198, 244, 268, 289, 337, 347, 418, 419, 420, 422, 631,
978, 1525, 2672
Alkaline food, ash, reaction, or balance in diet and health. See
Nutrition–Acid-Base Balance
Allergies. See Nutrition–Allergens
Allied Mills, Inc. (Formed 6 Aug. 1929) by the Merger of American
Milling Co. (Peoria, Illinois) and McMillen Feed Co. Maker of
Wayne Feeds 1006, 1487, 2336
All-India Research Project on Soyabean (ICAR). See Asia, South–
India. Work of the Indian Council of Agricultural Research (ICAR)
Almonds (Prunus dulcis syn. P. amygdalus)–Especially Origin and
Early History of the Almond. Including Almond Bread, Almond
Meal, and Almonds Seasoned with Soy Sauce / Tamari 5, 65, 68,
104, 107, 109, 122, 164

American Milling Co. See Allied Mills, Inc.
American Philosophical Society (Philadelphia). See Franklin,
Benjamin
American Soy Products (Michigan). See Natural Foods Distributors
and Manufacturers in the USA–Eden Foods
American Soy Products (Saline, Michigan). Started Nov. 1986 2717
American Soybean Association (ASA)–Activities in the United
States and Canada, and General Information (Headquarters in
St. Louis, Missouri. Established 3 Sept. 1920. Named National
Soybean Growers’ Association until 1925) 2321, 2336, 2417
American Soybean Association (ASA)–Activities, Offices, and
Influence in Asia 1453, 2694
American Soybean Association (ASA)–Certificate / Certificates of
Meritorious Service 1927
American Soybean Association (ASA)–Checkoff Programs
(Legislated / Mandatory Funding. State Programs Starting in North
Carolina in Sept. 1966, National Programs–SPARC–Starting in
1989-1991), and State Promotion Boards (Research & Promotion
Councils) 2569
American Soybean Association (ASA)–Funding and Fundraising
Before Checkoff Program or 1971. Voluntary or from USDA (FAS
or ARS) 1453
American Soybean Association (ASA)–Honorary Life Members
1656
American Soybean Association (ASA)–Japanese-American
Soybean Institute (JASI) 1487
American Soybean Association (ASA) or United Soybean Board–
Activities Related to Food Uses of Soybeans / Soyfoods, or Soy
Nutrition, Outside the United States (Not Including Soy Oil) 1453,
2694
American Soybean Association (ASA)–Periodicals, Including
Soybean Digest, Proceedings of the American Soybean Assoc.,
Soybean Blue Book, Soya Bluebook, Late News, etc.. 1487, 2630
American Soybean Association (ASA)–Soybean Council of
America (June 1956-1969). Replaced by American Soybean
Institute (Est. 11 July 1969) 1487
American Soybean Association (ASA)–State Soybean Associations
and Boards (Starting with Minnesota in 1962) 1677, 2569, 2665

Alternative medicine. See Medicine–Alternative
Amaranth, Grown for Grain / Seed (Amaranthus hypochondriacus,
A. caudatus, and A. cruentus. Genus formerly spelled Amarantus)
159, 179, 186, 688, 2096, 2301

American Soybean Association (ASA)–State Soybean Associations
and United Soybean Board–Activities Related to Food Uses of
Soybeans / Soyfoods, or Soy Nutrition, in the United States (Not
Including Soy Oil or Edible Oil Products) 2321, 2665

Amazake. See Rice Milk (Non-Dairy)–Amazake

American Soybean Association (ASA)–Strayer. See Strayer Family
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of Iowa

concerning the cultivation of soybeans in a certain Central Asian
country 119, 120, 572

American Soybean Association (ASA)–United Soybean Board
(USB, Established 1991, Chesterfield, Missouri) 2778
Amino Acids and Amino Acid Composition and Content. See also
Nutrition–Protein Quality; Soy Sauce, HVP Type 466, 511, 525,
783, 894, 924, 1102, 1115, 1221, 1229, 1283, 1487, 1600, 1669,
1789, 1790, 1835, 1847, 1953, 1962, 2033, 2144, 2173, 2188, 2321,
2357, 2366, 2381, 2469, 2472, 2598, 2639, 2669, 2670, 2728, 2737,
2757, 2768
Anatomy, soybean. See Soybean–Morphology, Structure, and
Anatomy
Anderson International Corp. (Cleveland, Ohio). Manufacturer of
Expellers for Soybean Crushing, Solvent Extraction Equipment,
and Extrusion Cooking Equipment. Formerly V.D. Anderson Co.
and Anderson IBEC 1487

Asia, Central–Introduction of Soybeans to. This document contains
the earliest date seen for soybeans in a certain Central Asian country
119, 120, 572
Asia, Central–Introduction of Soybeans to. This document contains
the earliest date seen for the cultivation of soybeans in a certain
Central Asian country 119, 120, 572
Asia, Central–Kazakhstan / Kazakstan (Formerly Kazakh SSR, a
Central Asian Soviet Republic from 1917 to Dec. 1991) 572, 1557,
1663, 1716, 2028, 2030
Asia, Central–Tajikistan (Formerly Tadzhik SSR, a Central Asian
Soviet Republic from 1917 to Dec. 1991. Also spelled Tadzhikistan)
2268, 2497, 2661
Asia, Central–Turkistan / Turkestan. Its Western Part (Russian
Turkestan or West Turkestan) late 1800s to 1924. Its Eastern Part
(Chinese Turkestan, Kashgaria, or East Turkestan) 1700s to ca.
1884, when it Became Sinkiang 693, 2129

Ang-kak. See Koji, Red Rice
Ang-kak or angkak. See Koji, Red Rice
Antinutritional Factors (General). See also: Allergens, Estrogens,
Goitrogens, Hemagglutinins (Lectins), Trypsin / Protease Inhibitors.
See also: Phytic Acid 978, 1602, 1606, 1835, 1942, 2228, 2321,
2356, 2366, 2424
Antioxidants and Antioxidant / Antioxidative Activity (Especially in
Soybeans and Soyfoods) 973, 2182, 2759

Asia, Central–Turkmenistan (Formerly Turkmen SSR, a Central
Asian Soviet Republic from 1917 to Dec. 1991) 645, 2076, 2132
Asia, East–China–Chinese Restaurants Outside China, or Soy
Ingredients Used in Chinese-Style Recipes, Food Products, or
Dishes Outside China 826
Asia, East–China–Early Foreign Travelers in–Before 1850 43

Antivitamin Activity and Antivitamins (Substances in Raw
Soybeans Which Can Destroy Vitamins A, B-12, D, E, and K) 2428
Archaeology and Archaeological Discoveries of Ancient Soybeans
or Soyfoods 2129, 2133, 2432, 2582
Archer Daniels Midland Co. (ADM) (Decatur, Illinois;
Minneapolis, Minnesota until 1969) 1016, 1487, 2083
Argentina. See Latin America, South America–Argentina
Arlington Experimental Farm. See United States Department of
Agriculture (USDA)–Arlington Experimental Farm
Asgrow (Des Moines, Iowa). Incl. Associated Seed Growers,
Inc. Acquired in Feb. 1997 by Monsanto Co. from Empresas La
Moderna, S.A. (ELM) 2029, 2475, 2751, 2760, 2772, 2880
Asia, Central–Introduction of Soybeans to. Earliest document seen
concerning soybeans (but only wild perennial relatives of soybeans)
in a certain Central Asian country; cultivated soybeans have not yet
been reported 645
Asia, Central–Introduction of Soybeans to. Earliest document seen
concerning soybeans in a certain Central Asian country 119, 120,
572
Asia, Central–Introduction of Soybeans to. Earliest document seen

Asia, East–China (People’s Republic of China; Zhonghua Renmin
Gonghe Guo). See also Hong Kong, Manchuria, and Tibet 1, 2, 3, 4,
5, 6, 17, 19, 38, 43, 47, 48, 51, 54, 61, 62, 67, 69, 73, 76, 77, 79, 94,
95, 101, 104, 106, 108, 109, 110, 111, 112, 113, 119, 120, 123, 124,
125, 126, 127, 129, 130, 133, 136, 142, 143, 146, 153, 155, 156,
158, 159, 163, 164, 166, 169, 171, 172, 173, 174, 175, 176, 178,
179, 183, 185, 186, 187, 189, 191, 205, 208, 211, 217, 218, 223,
226, 229, 230, 242, 253, 255, 256, 265, 266, 303, 312, 313, 314,
317, 318, 323, 333, 334, 349, 354, 363, 366, 367, 371, 400, 406,
407, 459, 477, 491, 494, 551, 555, 588, 601, 602, 617, 618, 621,
622, 646, 647, 673, 679, 693, 737, 861, 872, 875, 877, 886, 893,
901, 938, 962, 1016, 1154, 1215, 1234, 1266, 1279, 1309, 1361,
1396, 1438, 1440, 1479, 1490, 1594, 1598, 1626, 1627, 1709, 1738,
1763, 1764, 1825, 1939, 1944, 1974, 1985, 2035, 2054, 2083, 2110,
2129, 2133, 2164, 2177, 2185, 2249, 2250, 2251, 2260, 2277, 2278,
2319, 2330, 2352, 2361, 2366, 2374, 2411, 2413, 2422, 2432, 2447,
2448, 2459, 2518, 2530, 2534, 2539, 2547, 2562, 2577, 2582, 2586,
2592, 2606, 2607, 2608, 2617, 2626, 2651, 2659, 2681, 2686, 2694,
2696, 2711, 2741, 2743, 2748, 2750, 2756, 2778, 2780, 2781, 2789,
2817, 2834, 2857, 2865, 2867, 2893, 2910, 2915, 2920, 2925, 2929,
2931, 2934, 2941, 2943, 2945, 2946, 2948, 2949, 2950, 2951, 2953,
2954, 2956, 2957, 2960, 2961, 2970, 2971, 2977, 2980, 2982, 2985,
2986, 2989, 2992, 2995, 2997, 2998, 2999, 3000, 3005
Asia, East–China–Shennong / Shên Nung / Shen Nung–The
Heavenly Husbandman and Mythical Early Emperor of China 4,
108, 109, 112, 158, 159, 163, 174, 205, 208, 217, 218, 491, 647,
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662, 1764, 2083
Asia, East–China–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 406, 491, 646, 1598
Asia, East–Chinese overseas. See Chinese Overseas, Especially
Work with Soy (Including Chinese from Taiwan, Hong Kong,
Singapore, etc.)
Asia, East (General) 134, 135, 174, 179, 186, 213, 385, 672, 673,
735, 876, 886, 957, 1519, 2133, 2250, 2251, 2450, 2566
Asia, East–Hong Kong Special Administrative Region (SAR)
(British Colony until 1 July 1997, then returned to China) 313,
2129, 2164, 2592, 2715, 2980
Asia, East–Introduction of Soybeans to. Earliest document seen
concerning soybeans in a certain East Asian country 69, 95, 98, 119,
120
Asia, East–Introduction of Soybeans to. Earliest document seen
concerning the cultivation of soybeans in a certain East Asian
country 69, 98, 119, 120
Asia, East–Introduction of Soybeans to or Dissemination of
Soybeans from. Other or general information and leads concerning
East Asia 109, 175, 2432
Asia, East–Introduction of Soybeans to. This document contains the
earliest date seen for soybeans in a certain East Asian country 69,
119, 120, 2582
Asia, East–Introduction of Soybeans to. This document contains the
earliest date seen for the cultivation of soybeans in a certain East
Asian country 69, 95, 119, 120

1207, 1208, 1210, 1217, 1221, 1224, 1226, 1228, 1230, 1231, 1233,
1236, 1240, 1246, 1247, 1254, 1258, 1260, 1262, 1268, 1269, 1289,
1292, 1304, 1305, 1307, 1316, 1318, 1319, 1320, 1321, 1323, 1324,
1329, 1330, 1331, 1332, 1333, 1338, 1349, 1350, 1356, 1366, 1383,
1396, 1398, 1401, 1402, 1409, 1411, 1412, 1433, 1449, 1453, 1454,
1461, 1464, 1487, 1490, 1503, 1507, 1508, 1521, 1524, 1531, 1538,
1560, 1565, 1570, 1571, 1581, 1589, 1592, 1598, 1599, 1601, 1627,
1653, 1666, 1710, 1800, 1810, 1825, 1835, 1848, 1878, 1890, 1898,
1911, 1917, 1926, 1939, 1944, 1974, 1985, 1987, 2034, 2057, 2110,
2125, 2141, 2145, 2164, 2220, 2236, 2237, 2246, 2260, 2278, 2305,
2306, 2319, 2320, 2330, 2348, 2361, 2366, 2411, 2420, 2432, 2433,
2459, 2534, 2537, 2539, 2540, 2545, 2547, 2562, 2563, 2567, 2582,
2592, 2623, 2632, 2633, 2634, 2635, 2639, 2651, 2671, 2681, 2686,
2694, 2711, 2715, 2716, 2717, 2724, 2733, 2748, 2750, 2751, 2762,
2771, 2781, 2792, 2800, 2801, 2805, 2814, 2824, 2830, 2863, 2877,
2894, 2933, 2944, 2966, 2988, 2993, 2996
Asia, East–Japan–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 406, 491, 1598, 1810, 2034, 2547
Asia, East–Japanese overseas. See Japanese Overseas, Especially
Work with Soy
Asia, East–Korea (North and South; Formerly Also Spelled Corea
and Called “Chosen” by the Japanese [1907-1945]) 158, 163, 185,
191, 242, 298, 313, 318, 349, 406, 484, 495, 617, 644, 646, 662,
693, 699, 735, 938, 939, 1025, 1354, 1490, 1598, 1599, 1627, 1835,
1939, 1944, 1985, 2110, 2164, 2249, 2260, 2267, 2284, 2319, 2330,
2335, 2348, 2361, 2381, 2398, 2432, 2459, 2540, 2562, 2592, 2614,
2617, 2681, 2694, 2696, 2750, 2851, 2891, 2898, 2902
Asia, East–Korea–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 699, 1598
Asia, East–Macao / Macau (Portuguese Colony, then Overseas
Territory. Returned to China in 1999) 143

Asia, East–Japan–Early Foreign Travelers in–Before 1850 9, 33, 74
Asia, East–Japan (Nihon or Nippon) 7, 8, 9, 12, 27, 31, 33, 34, 36,
38, 39, 41, 43, 45, 47, 48, 49, 51, 52, 57, 60, 61, 62, 63, 64, 67, 71,
73, 74, 75, 81, 82, 83, 86, 87, 88, 90, 91, 99, 104, 105, 106, 111,
113, 115, 116, 117, 118, 119, 120, 122, 123, 126, 136, 140, 142,
152, 155, 156, 157, 158, 160, 161, 162, 163, 166, 167, 170, 171,
174, 176, 178, 179, 183, 184, 186, 195, 196, 202, 204, 209, 210,
211, 212, 213, 214, 216, 221, 222, 223, 227, 228, 242, 253, 254,
255, 259, 265, 268, 276, 278, 283, 295, 297, 298, 303, 304, 307,
309, 312, 313, 314, 317, 318, 320, 322, 323, 325, 338, 361, 363,
367, 384, 388, 393, 394, 396, 405, 406, 409, 414, 418, 419, 420,
421, 427, 431, 462, 468, 482, 485, 491, 492, 500, 501, 516, 526,
537, 543, 546, 551, 552, 583, 596, 598, 604, 610, 617, 618, 621,
622, 644, 646, 647, 648, 673, 693, 720, 737, 762, 770, 791, 809,
822, 901, 909, 923, 930, 938, 939, 945, 951, 955, 962, 963, 964,
975, 986, 987, 988, 989, 997, 1003, 1004, 1005, 1007, 1009, 1012,
1014, 1019, 1021, 1025, 1028, 1029, 1030, 1031, 1032, 1033, 1034,
1035, 1036, 1037, 1038, 1039, 1040, 1041, 1042, 1046, 1047, 1048,
1049, 1050, 1051, 1052, 1053, 1054, 1055, 1057, 1058, 1059, 1065,
1076, 1078, 1087, 1088, 1089, 1090, 1091, 1096, 1097, 1102, 1104,
1105, 1106, 1109, 1120, 1121, 1124, 1129, 1131, 1132, 1138, 1139,
1143, 1144, 1146, 1147, 1148, 1157, 1158, 1159, 1163, 1172, 1174,
1175, 1180, 1181, 1182, 1183, 1187, 1190, 1194, 1200, 1204, 1205,

Asia, East–Manchuria. See South Manchuria Railway and the South
Manchuria Railway Company (Minami Manshu Tetsudo K.K.)
Asia, East–Manchuria (Called Manchoukuo or Manchukuo by
Japanese 1932-45; The Provinces of Heilongjiang [Heilungkiang],
Jilin [Kirin], and Liaoning Were Called Northeast China after 1950)
69, 95, 98, 106, 109, 112, 115, 117, 155, 158, 163, 174, 175, 179,
183, 185, 186, 191, 209, 211, 256, 303, 312, 313, 318, 320, 322,
350, 359, 363, 366, 388, 396, 400, 406, 409, 456, 460, 461, 462,
476, 484, 491, 494, 495, 507, 537, 551, 555, 596, 601, 617, 622,
644, 646, 647, 662, 663, 668, 689, 690, 693, 711, 720, 735, 737,
841, 938, 939, 962, 1204, 1266, 1361, 1396, 1438, 1450, 1738,
1739, 1812, 1825, 1835, 1939, 1944, 1974, 1985, 2069, 2110, 2164,
2319, 2330, 2339, 2352, 2374, 2413, 2422, 2459, 2534, 2582, 2592,
2696, 2743, 2954
Asia, East–Manchuria–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 388, 396, 406, 491, 646
Asia, East–Mongolia (Mongol Uls; Outer and Inner Mongolia
Before 1911; Mongolian People’s Republic until 1992) 119, 120,
126, 139, 142, 158, 163, 175, 323, 601
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Asia, East–Taiwan (Republic of China. Widely called by its
Portuguese name, Formosa, from the 1870s until about 1945) 185,
191, 278, 313, 314, 318, 383, 406, 693, 1490, 1670, 1736, 1822,
1944, 1974, 2004, 2023, 2049, 2054, 2062, 2096, 2110, 2116, 2136,
2141, 2149, 2164, 2168, 2177, 2198, 2236, 2237, 2267, 2308, 2319,
2320, 2341, 2394, 2398, 2411, 2415, 2438, 2537, 2540, 2566, 2568,
2574, 2623, 2671, 2681, 2694, 2709, 2724, 2771
Asia, East–Tibet (Conquered by China in 1950; Also called Thibet
or, in Chinese, Sitsang) and Tibetans Outside Tibet 158, 163, 175,
242

Asia, Middle East–Syria (Syrian Arab Republic; Including Latakia,
Alawiya, and Territory of the Alaouites) 2280
Asia, Middle East–Turkey (Including Anatolia or Asia Minor) 617,
2129, 2639, 2884
Asia, South–Bangladesh, People’s Republic of (East Bengal [See
India] from 1700s-1947, and East Pakistan [See Pakistan] from
1947-1971) 617, 1806, 1941, 2540
Asia, South–Bhutan, Kingdom of 617

Asia (General, Including East, Southeast, South, Middle East, and
Central) 100, 490, 693, 1600, 2650, 2709
Asia, Middle East–Afghanistan, Islamic State of 150, 2319
Asia, Middle East–Cyprus 617, 623
Asia, Middle East–Introduction of Soybeans to. Earliest document
seen concerning soybeans in a certain Middle Eastern country 617,
623, 638, 968
Asia, Middle East–Introduction of Soybeans to. Earliest document
seen concerning soybeans or soyfoods in connection with (but not
yet in) a certain Middle Eastern country 617
Asia, Middle East–Introduction of Soybeans to. Earliest document
seen concerning the cultivation of soybeans in a certain Middle
Eastern country 617, 623, 638, 968
Asia, Middle East–Introduction of Soybeans to. This document
contains the earliest date seen for soybeans in a certain Middle
Eastern country 623, 638, 968
Asia, Middle East–Introduction of Soybeans to. This document
contains the earliest date seen for the cultivation of soybeans in a
certain Middle Eastern country 623, 638, 968
Asia, Middle East–Iran, Islamic Republic of (Jomhori-e-Islami-eIrân; Persia before 1935) 693, 1910, 2002, 2032, 2109, 2147, 2193,
2280, 2691, 2765, 2923

Asia, South–India (Bharat, Including Sikkim, and Andaman and
Nicobar Islands) 19, 24, 31, 43, 45, 49, 51, 53, 54, 58, 60, 62, 68,
70, 72, 73, 75, 76, 84, 102, 103, 104, 107, 111, 113, 116, 122, 125,
126, 131, 134, 135, 142, 144, 150, 152, 155, 156, 164, 170, 173,
174, 177, 178, 179, 183, 185, 186, 187, 191, 204, 209, 211, 230,
285, 295, 297, 303, 312, 313, 314, 318, 323, 329, 366, 399, 406,
556, 617, 618, 623, 638, 646, 647, 693, 721, 733, 737, 772, 839,
877, 881, 882, 1282, 1327, 1477, 1566, 1574, 1669, 1776, 1778,
1786, 1853, 1866, 1867, 1871, 1889, 1916, 1942, 1946, 1974, 1984,
1985, 1996, 2017, 2069, 2080, 2110, 2144, 2150, 2177, 2199, 2219,
2228, 2230, 2232, 2237, 2280, 2286, 2298, 2313, 2319, 2330, 2384,
2467, 2540, 2548, 2597, 2599, 2625, 2629, 2641, 2739, 2750, 2836,
2848, 2905, 2906, 2907, 3010, 3012
Asia, South–India, Northeast / North-East. The Contiguous Seven
Sister States and Sikkim–Which are Ethnically Distinct. The States
are Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram,
Nagaland, and Tripura 134, 135, 295, 313, 314, 329, 617, 623, 693,
721, 772, 1996, 2150, 2319
Asia, South–India. Work of the Indian Agricultural Research
Institute (IARI, New Delhi) with Soyabeans in India. Established
in 1905 as the Imperial Agricultural Research Institute (Pusa
Samastipur, and Bihar) 733, 1871, 1996, 2144
Asia, South–India. Work of the Indian Council of Agricultural
Research (ICAR), the All-India Research Project on Soyabean
(ICAR, Uttar Pradesh), and the National Research Centre for
Soybean (ICAR, Madhya Pradesh)–with Soyabeans in India 2548,
2597, 2599, 2625, 2629, 2641

Asia, Middle East–Iraq (al Jumhouriya al ‘Iraqia) 1846, 2210, 2302
Asia, South (Indian Subcontinent) 213
Asia, Middle East–Israel and Judaism (State of Israel, Medinat
Israel; Established May 1948; Including West Bank, Gaza Strip, and
Golan Heights Since 1967) 617, 968, 1828, 2293, 2835
Asia, Middle East–Lebanon (al-Jumhouriya al-Lubnaniya) 638,
1941
Asia, Middle East–Palestine (Divided between Israel and Jordan in
1948-49) 617, 623, 968
Asia, Middle East–Qatar, State of (Dawlet al-Qatar; Also called
Katar) 2719
Asia, Middle East–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 2765

Asia, South–Introduction of Soybeans to. Earliest document seen
concerning soybeans (but only wild perennial relatives of soybeans)
in a certain South Asian country; cultivated soybeans have not yet
been reported 31, 150
Asia, South–Introduction of Soybeans to. Earliest document seen
concerning soybeans in a certain South Asian country 10, 43, 54,
134
Asia, South–Introduction of Soybeans to. Earliest document seen
concerning soybeans or soyfoods in connection with (but not yet in)
a certain Southeast Asian country 1941
Asia, South–Introduction of Soybeans to. Earliest document seen
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concerning the cultivation of soybeans in a certain South Asian
country 10, 43, 54, 134, 150, 329
Asia, South–Introduction of Soybeans to or Dissemination of
Soybeans from. Other or general information and leads concerning
South Asia 295
Asia, South–Introduction of Soybeans to. This document contains
the earliest date seen for soybeans in a certain South Asian country
10, 43, 68, 134, 772
Asia, South–Introduction of Soybeans to. This document contains
the earliest date seen for the cultivation of soybeans in a certain
South Asian country 10, 43, 68, 134, 150, 772
Asia, South–Nepal, Kingdom of 75, 209, 312, 329, 617, 1996,
2150, 2286, 2319

have not yet been reported 185, 191
Asia, Southeast–Introduction of Soybeans to. Earliest document
seen concerning soybeans in a certain Southeast Asian country 17,
155, 157, 302
Asia, Southeast–Introduction of Soybeans to. Earliest document
seen concerning soybeans or soyfoods in connection with (but not
yet in) a certain Southeast Asian country 80
Asia, Southeast–Introduction of Soybeans to. Earliest document
seen concerning the cultivation of soybeans in a certain Southeast
Asian country 17, 155, 157, 302, 2206
Asia, Southeast–Introduction of Soybeans to. This document
contains the earliest date seen for soybeans in a certain Southeast
Asian country 17, 155, 157, 302

Asia, South–Pakistan, Islamic Republic of (Part of British India
until 1947. Divided into West Pakistan and East Pakistan 19471971, when East Pakistan Became Independent as Bangladesh)
150, 295, 617, 623, 772, 1067, 1487, 1596, 1806, 1807, 2150, 2280,
2286, 2319

Asia, Southeast–Introduction of Soybeans to. This document
contains the earliest date seen for the cultivation of soybeans in a
certain Southeast Asian country 17, 155, 157, 302, 2206

Asia, South–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 1778, 2548, 2599

Asia, Southeast–Malaysia, Federation of (Including East Malaysia
Composed of Sarawak and Sabah. British Borneo or North Borneo
from about 1881 to 1963). Federation of Malaya before 1963 155,
183, 312, 406, 617, 623, 638, 693, 737, 1352, 2099, 2177, 2262,
2307, 2319, 2330

Asia, South–Sri Lanka, Democratic Socialist Republic of (Ceylon
before 22 May 1972. Serendib was the ancient Arabic name) 10,
11, 13, 16, 19, 51, 58, 103, 134, 155, 174, 179, 183, 186, 312, 313,
314, 617, 623, 638, 693, 2114, 2124, 2131, 2177, 2286, 2298, 2330,
2334
Asia, Southeast–Brunei (State of Brunei Darussalam; Part of British
Borneo before 1984) 2206
Asia, Southeast–Cambodia, Kingdom of (Kampuchea from 1979 to
the 1980s; Also Khmer Republic) 136, 312, 617, 693, 2266
Asia, Southeast (General) 31, 36, 43, 51, 53, 70, 114, 269, 317, 672,
1383, 1396, 1521, 1825, 2540, 2568, 2660, 2694
Asia, Southeast–Indonesia (Netherland(s) Indies, Netherlands East
Indies, or Dutch East Indies before 1945) (Including Islands of
Java, Borneo, Celebes, Lesser Sunda, Moluccas, New Guinea [West
Irian], and Sumatra) 17, 20, 22, 34, 36, 43, 45, 49, 51, 52, 53, 54,
60, 64, 67, 68, 74, 75, 82, 90, 105, 106, 119, 125, 129, 134, 142,
155, 160, 162, 174, 179, 183, 186, 192, 253, 295, 298, 299, 308,
310, 311, 313, 314, 318, 319, 323, 326, 333, 334, 350, 370, 406,
484, 491, 617, 623, 624, 638, 642, 644, 646, 662, 672, 701, 735,
737, 759, 877, 1287, 1450, 1542, 1598, 1621, 1627, 1739, 1974,
2004, 2087, 2110, 2177, 2274, 2286, 2298, 2319, 2330, 2371, 2660,
2681, 2750, 2769, 2976
Asia, Southeast–Indonesia–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 491, 646, 1598
Asia, Southeast–Introduction of Soybeans to. Earliest document
seen concerning soybeans (but only wild perennial relatives of
soybeans) in a certain Southeast Asian country; cultivated soybeans

Asia, Southeast–Laos 302, 323, 350, 617, 2266, 2771

Asia, Southeast–Myanmar / Burma. Officially Union of Myanmar
78, 80, 97, 134, 136, 157, 295, 312, 313, 406, 617, 623, 693, 735,
772, 2150, 2319, 2330
Asia, Southeast–Philippines, Republic of the 101, 155, 183, 185,
191, 318, 350, 406, 617, 693, 737, 1287, 1542, 1621, 2110, 2165,
2177, 2237, 2280, 2319, 2330, 2411, 2540, 2623, 2681, 2703, 2781
Asia, Southeast–Singapore (Part of the Straits Settlements [British]
from 1826 to 1946) 623, 638, 693
Asia, Southeast–Thailand, Kingdom of (Siam before 1939) 155,
183, 298, 524, 617, 693, 1974, 2004, 2237, 2286, 2296, 2319, 2330,
2764
Asia, Southeast–Vietnam / Viet Nam, Socialist Republic of
(North and South) (Divided by French into Tonkin, Annam, and
Cochinchine from 1887-1945) 38, 39, 62, 125, 142, 155, 174, 179,
183, 186, 295, 302, 310, 312, 313, 318, 323, 350, 406, 593, 617,
622, 643, 693, 737, 1518, 1811, 1902, 2081, 2266, 2319, 2330,
3003
Asia, soyfoods movement in. See Soyfoods Movement in Asia
Asia, Transcaucasia–Armenia (Formerly Armenian SSR, a
Transcaucasian Soviet Republic from 1917 to Dec. 1991) 1849,
1981
Asia, Transcaucasia–Azerbaijan (Azerbaijani Republic; Formerly
Azerbaijan SSR, a Transcaucasian Soviet Republic from 1917 to
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Dec. 1991. Also spelled Azerbaidzhan, Aderbijan) 2498, 2655
Asia, Transcaucasia–Georgia, Republic of (Formerly Georgian
SSR, a Transcaucasian Soviet Republic from 1921 to Dec. 1991)
2027
Asia, Transcaucasia (Presently Armenia, Azerbaijan, and Georgia.
Formerly Transcaucasian Soviet Republics from about 1917 to Dec.
1991) 119, 120, 126, 490, 737, 2696

Beef alternatives. See Meat Alternatives–Beef Alternatives,
Including Beef Jerky, etc. See also Meatless Burgers
Bees, Honeybees (Apis mellifera), and Apiculture–Making Honey
from Nectar in Soybean Flowers and Pollinating the Flowers 315,
329, 330, 337, 338, 399, 421, 485, 606, 698, 941, 1056, 1515, 1834,
1876, 2038, 2068, 2233, 2407, 2777

Aspergillus oryzae. See Koji, Miso, or Soy Sauce

Bees, Honeybees (Apis mellifera), and Apiculture–Soy Flour Fed in
Pollen Substitutes or Supplements 834

Associated Seed Growers, Inc. See Asgrow (Des Moines, Iowa)

Benni, Benne, Benniseed. See Sesame Seed

Australasia. See Oceania

Benzene / Benzine / Benzol solvents for extraction. See Solvents

Australia. See Oceania–Australia

Berczeller, Laszlo (1890-1955) 491, 689, 886

AVRDC–The World Vegetable Center. Named Asian Vegetable
Research and Development Center (AVRDC) from 1971 to 2008
(Shanhua, Taiwan) 2023, 2049, 2062, 2096, 2110, 2116, 2136,
2198, 2236, 2237, 2267, 2294, 2308, 2320, 2341, 2394, 2398, 2415,
2537, 2540, 2566, 2709, 2724, 2771

Bibliographies and / or Reviews of the Literature (Contains More
Than 50 References or Citations) 142, 222, 290, 312, 323, 347,
406, 436, 446, 456, 458, 467, 491, 492, 495, 539, 540, 555, 617,
637, 646, 647, 671, 673, 691, 693, 735, 788, 823, 881, 882, 887,
913, 941, 951, 973, 978, 1071, 1174, 1234, 1416, 1449, 1490, 1497,
1519, 1558, 1559, 1598, 1600, 1602, 1616, 1627, 1628, 1629, 1631,
1666, 1763, 1808, 1811, 1926, 1933, 1937, 1942, 1982, 1983, 1985,
1988, 1990, 1991, 1992, 1999, 2077, 2122, 2123, 2134, 2167, 2178,
2191, 2221, 2223, 2224, 2225, 2226, 2228, 2229, 2237, 2262, 2271,
2273, 2295, 2297, 2303, 2304, 2311, 2320, 2321, 2351, 2352, 2354,
2355, 2356, 2369, 2400, 2415, 2423, 2424, 2438, 2451, 2464, 2486,
2513, 2516, 2540, 2543, 2549, 2550, 2554, 2555, 2557, 2558, 2586,
2601, 2604, 2607, 2622, 2626, 2668, 2671, 2686, 2720, 2722, 2724,
2750, 2757, 2764, 2841, 2842, 2843, 2844

Azuki Bean–Etymology of These Terms and Their Cognates/
Relatives in Various Languages 1, 9, 1812
Azuki Bean. Vigna angularis (Willd.) Ohwi & H. Ohashi. Also
called Adzuki, Aduki, Adsuki, Adzinki, Red Bean, Chinese Red
Bean, Red Mung Bean, Small Red Bean. Japanese–Kintoki,
Komame, Shôzu. Chinese–Xiaodou, Chixiaodou, Hsiao Tou [Small
Bean], Ch’ih Hsiao Tou [Red Small Bean]. Former scientific names:
Phaseolus radiatus (L.), Dolichos angularis (Willd.), Phaseolus
angularis (Willd.) Wight, or Azukia angularis (Willd.) Ohwi 1, 4,
5, 6, 9, 33, 45, 58, 61, 76, 77, 90, 99, 105, 167, 183, 197, 201, 204,
208, 211, 214, 230, 242, 298, 309, 325, 336, 337, 367, 406, 407,
420, 432, 468, 614, 621, 861, 1479, 1709, 1812, 1825, 1857, 2428,
2432, 2438, 2660, 2711
Bacon or bacon bits, meatless. See Meat Alternatives–Meatless
Bacon, Ham, Chorizo and Other Pork-related Products

Biloxi soybean variety. See Soybean Varieties USA–Biloxi
Biogenic Amines, Spermidine, and Polyamines 2863
Biographies, Biographical Sketches, and Autobiographies–See also:
Obituaries 41, 160, 349, 528, 631, 759, 823, 1601, 1656, 1708,
1896, 1927, 2361, 2459, 2762
Biological control. See Integrated Pest Management (IPM)

Bacteria in intestines–beneficial. See Intestinal Flora / Bacteria
Bambarra groundnuts (Voandzeia subterranea). Also spelled
Bambara 60, 65, 100, 104, 122, 164, 174, 179, 186, 187, 688, 695,
2428, 2660
Barges used to transport soybeans. See Transportation of Soybeans
or Soy Products to Market by Water Using Barges, Junks, etc

Biotechnology applied to soybeans. See Genetic Engineering,
Transgenics, Transgenic Plants and Biotechnology / Biotech
Black Gram or Urd. Vigna mungo. Formerly Phaseolus mungo 76,
80, 230, 337, 2660
Black soybeans. See Soybean Seeds–Black, Soybean Seeds–Black
in Color, Soybean Seeds–Black in Color–Etymology

Bartram, John (1699-1777) and William (1739-1823) 2859, 2860
Black-eyed pea. See Cowpea–Vigna unguiculata
Battle Creek Food Co. See Kellogg, John Harvey (M.D.)
Bean curd. See Tofu
Bean curd skin. See Yuba

Blaw-Knox Co. (Pittsburgh, Pennsylvania). Maker of Soybean
Crushing Equipment, Especially the Rotocel 1487
Bongkrek poisoning. See Toxins and Toxicity in Foods and Feeds–
Bongkrek Poisoning Factors

Bean paste. See Miso
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Botany–Soybean 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 84, 86, 90, 92, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 115, 117, 118, 122, 125, 127, 134, 135, 136, 142, 143,
144, 145, 150, 152, 155, 157, 158, 159, 160, 161, 162, 163, 164,
166, 167, 169, 170, 171, 173, 174, 175, 176, 177, 178, 179, 180,
181, 183, 185, 186, 187, 190, 191, 192, 193, 195, 196, 205, 208,
209, 210, 211, 213, 217, 218, 219, 220, 222, 224, 226, 230, 242,
243, 253, 254, 257, 265, 266, 269, 272, 276, 278, 279, 280, 281,
282, 285, 286, 291, 292, 294, 295, 297, 298, 299, 300, 302, 303,
305, 306, 308, 311, 312, 313, 314, 315, 316, 318, 319, 320, 321,
323, 324, 325, 326, 327, 328, 329, 332, 333, 334, 335, 336, 337,
338, 339, 343, 345, 347, 349, 350, 360, 363, 364, 366, 367, 369,
370, 371, 383, 385, 388, 396, 404, 405, 406, 407, 412, 413, 414,
416, 417, 418, 419, 420, 421, 427, 431, 432, 437, 440, 453, 456,
458, 459, 460, 461, 462, 467, 468, 470, 476, 479, 482, 487, 488,
489, 491, 492, 495, 496, 500, 505, 506, 507, 511, 512, 513, 517,
524, 526, 529, 537, 547, 551, 553, 554, 555, 561, 567, 571, 572,
573, 579, 593, 594, 596, 600, 601, 613, 614, 617, 618, 620, 621,
622, 629, 638, 642, 643, 644, 645, 646, 647, 662, 670, 671, 672,
673, 675, 679, 688, 692, 693, 695, 700, 704, 720, 721, 722, 723,
735, 737, 738, 759, 770, 791, 810, 817, 841, 861, 865, 877, 886,
891, 913, 964, 972, 980, 997, 1014, 1042, 1072, 1113, 1147, 1154,
1160, 1242, 1254, 1268, 1288, 1443, 1449, 1474, 1518, 1519, 1557,
1560, 1599, 1600, 1601, 1618, 1668, 1698, 1708, 1709, 1710, 1763,
1790, 1806, 1807, 1811, 1825, 1857, 1888, 1889, 1896, 1898, 1901,
1984, 2031, 2081, 2086, 2122, 2123, 2129, 2132, 2141, 2150, 2156,
2177, 2178, 2180, 2183, 2186, 2223, 2224, 2234, 2235, 2237, 2262,
2266, 2272, 2295, 2305, 2330, 2342, 2350, 2351, 2354, 2355, 2375,
2392, 2399, 2400, 2416, 2424, 2425, 2447, 2455, 2492, 2524, 2539,
2541, 2542, 2545, 2568, 2574, 2601, 2616, 2623, 2628, 2629, 2630,
2631, 2650, 2658, 2659, 2660, 2677, 2686, 2702, 2723, 2749, 2754,
2781, 2859, 2860, 2907

1073, 1079, 1153, 1204, 1316, 1362, 1383, 1450, 1461, 1503, 1507,
1508, 1515, 1531, 1533, 1534, 1543, 1558, 1563, 1581, 1589, 1600,
1616, 1617, 1626, 1641, 1656, 1736, 1772, 1774, 1780, 1790, 1809,
1811, 1825, 1836, 1850, 1878, 1881, 1887, 1903, 1930, 1937, 1939,
1974, 1982, 1983, 1985, 1987, 2006, 2029, 2036, 2049, 2062, 2069,
2079, 2086, 2117, 2133, 2136, 2183, 2185, 2237, 2239, 2250, 2251,
2256, 2271, 2273, 2279, 2280, 2282, 2283, 2306, 2309, 2320, 2321,
2341, 2361, 2365, 2369, 2371, 2373, 2405, 2408, 2409, 2411, 2419,
2424, 2436, 2438, 2449, 2461, 2466, 2492, 2493, 2508, 2513, 2514,
2518, 2534, 2548, 2551, 2553, 2560, 2561, 2566, 2569, 2580, 2585,
2600, 2604, 2618, 2619, 2620, 2621, 2623, 2641, 2648, 2675, 2681,
2706, 2732, 2733, 2744, 2745, 2750, 2752, 2774, 2775, 2776, 2779,
2788, 2791, 2795, 2809, 2820, 2831, 2840, 2845, 2875, 2877, 2882,
2889, 2906, 2933, 2951, 2953, 2961, 2991, 3012
Breeding or Selection of Soybeans for Use as Soy Oil or Meal 944,
1789, 2768
Breeding soybeans for food uses. See Variety Development,
Breeding, Selection, Evaluation, Growing, or Handling of Soybeans
for Food Uses
Briggs, George M. (1884-1970, Univ. of Wisconsin) 1186
British Columbia. See Canadian Provinces and Territories–British
Columbia
Broad Bean. Vicia faba L., formerly Faba vulgaris, Mönch.
Also called Faba Bean, Fava Bean, Double Bean, Horse Bean,
Horsebean. Chinese–Candou (“silkworm bean”). Japanese–
Soramame. German–Ackerbohne, Saubohne or Buschbohne.
French–Grosse Fève, Fève de Marais, Féverole, Faverole, Gourgane
15, 65, 108, 131, 144, 167, 194, 205, 208, 211, 337, 2660
Brown soybeans. See Soybean Seeds–Brown
Buckeye Cotton Oil Co. See Procter & Gamble Co.

Bowen, Samuel (1732-1777)–He Introduced the Soybean to North
America in 1765. See also: (1) His Ancestors and Descendants. (2)
James Flint 2681, 2789, 2859
Boyer, Robert. See Ford, Henry

Buerger (Bürger), Heinrich (ca. 1806-1858)–German Pharmacist,
Assistant to Von Siebold in Japan 105, 1601
Building materials. See Adhesives or Glues for Plywood, Other
Woods, Wallpaper, or Building Materials

Bran, soy. See Fiber, Soy
Bunge Corp. (White Plains, New York). Including Lauhoff Grain
Co. (Danville, Illinois) since 1979 2748

Brassica napus. See Rapeseed
Brassica napus (L.) var. napus. See Canola

Burlison, William Leonidas (1882-1958, Univ. of Illinois) 662,
1237, 1255, 1453, 2250, 2251, 2338, 2436, 2691

Brazil. See Latin America, South America–Brazil
Burma. See Asia, Southeast–Myanmar
Breeding of soybeans. See Genetic Engineering, Transgenics,
Transgenic Plants and Biotechnology / Biotech, Irradiation
of Soybeans for Breeding and Variety Development, Variety
Development and Breeding
Breeding of Soybeans and Classical Genetics 315, 359, 394, 399,
406, 409, 414, 427, 431, 432, 438, 450, 469, 492, 500, 522, 551,
553, 554, 560, 567, 601, 617, 635, 649, 691, 733, 735, 768, 772,
797, 807, 810, 825, 887, 893, 898, 899, 900, 940, 941, 944, 980,

Butter-beans. See Lima Bean
Cajanus cajan. See Pigeon Pea, Pigeonpea or Red Gram
Cake or meal, soybean. See Soybean Meal
Calcium Availability, Absorption, and Content of Soybeans, and
Soybean Foods and Feeds 290, 477, 978, 1774
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California. See United States–States–California

Canadian Provinces and Territories–Prince Edward Island 2666,
2667, 2701

Canada 264, 271, 273, 282, 290, 337, 338, 406, 416, 421, 520, 528,
617, 686, 713, 735, 806, 823, 877, 994, 1016, 1103, 1206, 1245,
1248, 1284, 1296, 1310, 1334, 1335, 1346, 1353, 1357, 1374, 1393,
1395, 1410, 1439, 1452, 1453, 1456, 1468, 1487, 1488, 1500, 1501,
1526, 1535, 1598, 1613, 1627, 1637, 1652, 1658, 1661, 1680, 1699,
1715, 1719, 1726, 1728, 1749, 1753, 1754, 1760, 1779, 1789, 1799,
1813, 1847, 1887, 1903, 1924, 1944, 1954, 1955, 1956, 1967, 1974,
1985, 1987, 1993, 2010, 2031, 2034, 2036, 2037, 2044, 2053, 2086,
2091, 2126, 2140, 2142, 2161, 2162, 2169, 2190, 2229, 2239, 2243,
2245, 2247, 2282, 2283, 2287, 2289, 2292, 2316, 2323, 2325, 2337,
2338, 2348, 2364, 2365, 2377, 2379, 2443, 2457, 2459, 2475, 2484,
2485, 2534, 2540, 2545, 2552, 2562, 2592, 2593, 2601, 2619, 2620,
2621, 2648, 2663, 2666, 2667, 2668, 2681, 2683, 2684, 2691, 2694,
2700, 2701, 2705, 2715, 2716, 2730, 2734, 2744, 2745, 2751, 2752,
2753, 2755, 2762, 2768, 2769, 2782, 2783, 2787, 2788, 2790, 2792,
2796, 2797, 2806, 2810, 2811, 2814, 2815, 2816, 2821, 2822, 2823,
2831, 2847, 2852, 2854, 2856, 2858, 2864, 2866, 2870, 2871, 2872,
2874, 2886, 2887, 2888, 2892, 2897, 2899, 2900, 2901, 2917, 2921,
2922, 2924, 2926, 2956, 2991, 3002

Canadian Provinces and Territories–Québec (Quebec) 264, 528,
2243, 2292, 2325, 2534, 2562, 2648, 2792, 2897, 2922, 3002
Canadian Provinces and Territories–Saskatchewan 271, 1456, 1967,
1993, 2053, 2316, 2667, 2701
Canadian Provinces and Territories–Yukon Territory 2663, 2666
Canadian soybean varieties. See Soybean Varieties Canada
Canavalia ensiformis. See Jack Bean (Canavalia ensiformis)
Canavalia gladiata. See Sword Bean
Cancer, breast, prevention and diet. See Diet and Breast Cancer
Prevention
Candles, Crayons, and Soybean Wax–Industrial Uses of Soy Oil as
an Hydrogenated Oil 320, 323, 484

Canada. See Ontario Soybean Growers (Marketing Board)
Cannabis sativa. See Hemp
Canada soy pioneers. See Zavitz, Charles Ambrose (1863-1942)
Canada–Soybean Production, Area and Stocks–Statistics, Trends,
and Analyses 1487, 1598, 2792
Canadian Provinces and Territories–Alberta 823, 2169, 2316, 2534
Canadian Provinces and Territories–British Columbia 2592, 2751,
2866
Canadian Provinces and Territories–Manitoba 735, 822, 1488,
1658, 1728, 1749, 1760, 1987, 2316, 2364, 2377, 2534, 2562, 2663,
2666, 2755, 2901

Canola (Brassica napus (L.) var. napus)–An Improved Variety of
the Rape Plant or Rapeseed Having Seeds with Little or No Erucic
Acid 2663, 2759
Carbohydrates–Dietary Fiber (Including Complex Carbohydrates,
Bran, Water-Soluble and Water-Insoluble Fiber) 156, 180, 184, 188,
214, 221, 546, 585, 587, 2668
Carbohydrates (General). See also: Starch, Dietary Fiber, and
Oligosaccharides (Complex Sugars) 131, 153, 216, 406, 439, 498,
502, 540, 1322, 1452, 1571, 1714, 1848, 1899, 1962, 2366, 2800

Canadian Provinces and Territories–Newfoundland and Labrador
2701

Cardiovascular Disease and Diet Therapy, Especially Heart Disease
and Stroke, But Including Cholesterol Reduction, and Hypertension
(High Blood Pressure). Soy Is Not Always Mentioned 2267, 2366

Canadian Provinces and Territories–Northwest Territories 2663,
2666, 2667

Cargill, Inc. (Minneapolis, Minneapolis) 1487, 1965, 2180, 2390,
2748, 2760

Canadian Provinces and Territories–Nova Scotia 2667, 2769, 2872

Caribbean. See Latin America–Caribbean

Canadian Provinces and Territories–Ontario 282, 337, 338, 416,
421, 528, 686, 713, 994, 1016, 1103, 1206, 1245, 1248, 1284, 1296,
1310, 1334, 1335, 1353, 1357, 1374, 1393, 1395, 1410, 1439, 1452,
1468, 1487, 1500, 1501, 1526, 1535, 1613, 1637, 1652, 1658, 1661,
1680, 1699, 1715, 1719, 1749, 1754, 1779, 1799, 1813, 1887, 1903,
1924, 1954, 1955, 2010, 2036, 2044, 2091, 2140, 2142, 2162, 2190,
2247, 2282, 2283, 2316, 2323, 2337, 2338, 2364, 2377, 2379, 2457,
2475, 2484, 2485, 2534, 2592, 2619, 2620, 2621, 2663, 2666, 2667,
2668, 2691, 2701, 2705, 2730, 2734, 2744, 2745, 2753, 2755, 2782,
2783, 2788, 2790, 2792, 2796, 2797, 2806, 2810, 2811, 2814, 2815,
2816, 2821, 2822, 2823, 2831, 2852, 2854, 2856, 2858, 2864, 2870,
2871, 2872, 2874, 2886, 2887, 2892, 2899, 2900, 2901, 2917, 2921,
2924, 2926, 2956, 2991

Cartoons or Cartoon Characters 647
Carver, George Washington (ca. 1864-1943, Tuskegee Inst.,
Alabama)–Work with Soybeans, Soyfoods, Peanuts, or Chemurgy,
and the Carver Laboratory in Dearborn, Michigan 2752
Catsup or Catchup. See Ketchup, Catsup, Catchup, Ketchop,
Ketchap, Katchup, etc. Word Mentioned in Document
Cattle, Bullocks, Bulls, Steers, or Cows for Beef / Meat or
Unspecified Uses Fed Soybeans, Soybean Forage, or Soybean Cake
or Meal as Feed 188, 259, 426
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C.E. Cole. Seedsman (Buckner, Missouri). Seller of Cole’s
Domestic Coffee Berry–at high prices 202

or Soybean Cake or Meal as Feed 251, 1384, 2651
Chickpea / Chickpeas / Chick-Peas, Garbanzo / Garbanza Beans.
Cicer arietinum L. Including Hummus / Hummous 31, 34, 80, 180,
187, 234, 337, 1212, 2655, 2660

Central America. See Latin America–Central America
Central America, soyfoods movement in. See Soyfoods Movement
in Mexico and Central America
Central Soya Co. (Fort Wayne, Indiana). Maker of Master Mix
Feeds. Acquired in Oct. 1987 by the Ferruzzi Group in Ravenna,
Italy. In 1991 became part of CSY Agri-Processing, Inc. [a holding
company], operating as a member of the Eridania / Beghin-Say
agro-industrial group, within Ferruzzi-Montedison. Acquired in
Oct. 2002 by Bunge 1487, 1766, 2410, 2468, 2639, 2668
Centro Nacional de Pesquisa de Soja (National Soybean Research
Center, CNPS or CNPSo). See Empresa Brasiliera

Chickpea / Chickpeas / Chick-Peas, Garbanzo / Garbanza Beans.
Cicer arietinum L. Including Hummus / Hummous. Etymology of
These Terms and Their Cognates/Relatives in Various Languages
31, 80
China. See Asia, East–China
Chinese Medicine, Traditional, Including Heating-Cooling or HotCold Foods and Medicines 2, 3, 4, 5, 6, 108, 112, 158, 159, 163,
183, 217, 218, 407, 459, 621, 1709, 2366, 2659
Chinese Overseas, Especially Work with Soy (Including Chinese
from Manchuria, Taiwan, Hong Kong, Singapore, etc.) 17, 299,
317, 318, 323, 366, 484, 623, 735, 901

Cereol. See Ferruzzi-Montedison (Italy)
Certificates of Meritorious Service. See American Soybean
Association (ASA)–Certificate / Certificates of Meritorious Service
Certification of soybean seeds. See Seed Certification (Soybeans)

Chinese restaurants outside China, or Chinese recipes that use
soy ingredients outside China. See Asia, East–China–Chinese
Restaurants Outside China

Ceylon. See Asia, South–Sri Lanka

Chinese Soybean Types and Varieties–Early, with Names 211, 735

Checkoff programs (state and national). See American Soybean
Association (ASA)–Checkoff Programs

Chinese-style soy sauce made with a significant proportion of
wheat. See Soy Sauce, Chinese Style. Made with a Significant

Chemical / Nutritional Composition or Analysis of Seeds, Plants,
Foods, Feeds, Nutritional Components 119, 120, 130, 131, 133,
142, 146, 147, 153, 156, 171, 172, 180, 184, 188, 194, 221, 223,
226, 240, 253, 256, 287, 299, 307, 312, 317, 320, 321, 323, 328,
329, 340, 354, 370, 380, 385, 401, 406, 446, 450, 454, 506, 520,
529, 569, 613, 638, 643, 672, 693, 728, 735, 746, 748, 749, 750,
758, 783, 792, 793, 841, 866, 924, 947, 973, 977, 1101, 1130, 1152,
1171, 1235, 1345, 1405, 1533, 1534, 1745, 1790, 1836, 1871, 1890,
1917, 1941, 1942, 2228, 2245, 2558, 2799

Chocolate or cocoa substitute made from roasted soybeans. See Soy
Chocolate

Chemistry and Soils, Bureau. See United States Department
of Agriculture (USDA)–Bureau of Agricultural and Industrial
Chemistry

Cholesterol. See Lipids–Effects on Blood Lipids, Protein–Effects on
Blood Lipids
Chronology / Timeline 308, 2267, 2549, 2748, 2841, 2859, 2914,
3007
Chufa / Chufas (Cyperus esculentus). Also Called Earth Almond,
Tiger Nuts/Tigernut, Nut Grass, Ground Almond, Hognut, Earth
Nut, Rush Nut, Zulu Nut. French: Voandzou, Souchet. German:
Erdmandel. Italian: Cipero comestible 97, 104, 106, 164, 337, 631

Chemurgy, the Farm Chemurgic Movement, and the Farm
Chemurgic Council (USA, 1930s to 1950s, Including Wheeler
McMillen, William J. Hale, and Francis P. Garvan) 820, 1237

Cicer arietinum. See Chickpeas or Garbanzo Beans

Chenopodium quinoa Willd. See Quinoa

Cleaning soybean seeds. See Seed Cleaning–Especially for Food or
Seed Uses

Chiang, soybean (from China). See Jiang–Chinese-Style Fermented
Soybean Paste
Chicago Board of Trade (CBOT, organized in April 1848) 2569,
2577, 2715, 2716

Civil War in USA (1861-1865) 1764

Climate change. See Global Warming / Climate Change as
Environmental Issues
Coconut Milk and Cream. Or Coconuts Used to Flavor Soymilk,
Rice Milk, etc.. 2759

Chicago Heights Oil Co. (Chicago Heights, Illinois; Started by I.C.
Bradley and George Brett) 662, 1006

Coffee, soy. See Soy Coffee

Chickens (esp. Layers & Broilers) Fed Soybeans, Soybean Forage,

Coffee Substitutes or Adulterants, Non-Soy–Usually Made from
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Roasted Cereals, Chicory, and / or Other Legumes 106, 164

until 2008 (New York, New York) 2751

Coix lachryma-jobi. See Job’s Tears

Cookery, Cookbooks, Cooking Videos, and Recipes–Mostly Using
Soy, Mostly Vegetarian. See also: the Subcategories–Vegetarian
Cookbooks, Vegan Cookbooks 4, 5, 6, 123, 124, 354, 406, 491, 618,
622, 646, 647, 886, 972, 1709, 2080, 2083, 2598, 2616, 2630, 2702

Coker Pedigreed Seed Co. (Hartsville, South Carolina) 847, 1346,
1460, 1555, 1955, 2065, 2069, 2086, 2250, 2251, 2436, 2592
Cold tolerance / hardiness in soybeans. See Soybean–Physiology–
Tolerance to Cold
Color of soybean seeds. See Seed Color (Soybeans)–Specific
Varieties), Soybean Seeds (of different colors)
Combines. Also called the Combined Harvester-Thresher in the
1920s and 1930s (Combine) 801, 832, 843, 878, 899, 1484, 1555,
1627, 1752, 1965, 1998, 2029, 2254, 2667
Commercial fermneted black soybeans. See Fermented Black
Soybean Production–How to Make Fermented black Soybeans on a
Commercial Scale
Commercial natto. See Natto Production–How to Make Natto on a
Commercial Scale
Commercial tofu. See Tofu Production–How to Make Tofu on a
Commercial Scale
Commissioner of Patents, Agriculture. See United States
Department of Agriculture (USDA)–Patent Office and
Commissioner of Patents (Forerunners of USDA)

Cooperative Enterprises, Ventures, Research, or Experiments, and
Cooperatives / Co-ops, Worldwide. See also: Soybean Crushers
(USA)–Cooperative Crushers 740, 845, 878, 881, 882, 920, 944,
1077, 1255, 1297, 1300, 1370, 1453, 1508, 1617, 1757, 2146, 2155,
2183, 2250, 2251, 2269, 2277, 2278, 2336, 2389, 2430, 2569, 2667,
2685, 2698, 2717, 2748
Corn / Maize (Zea mays L. subsp. mays)–Including Corn Oil, Corn
Germ Oil, Meal, Starch, and Corn Gluten 79, 87, 88, 91, 93, 108,
147, 194, 202, 214, 216, 245, 251, 255, 259, 263, 268, 289, 307,
331, 337, 344, 347, 369, 418, 419, 420, 426, 429, 631, 694, 797,
807, 937, 1043, 1373, 1415, 1528, 1540, 1554, 1582, 1639, 1657,
1682, 1695, 1918, 1939, 1946, 2002, 2069, 2182, 2274, 2331, 2336,
2338, 2369, 2401, 2428, 2493, 2534, 2577, 2672, 2731, 2759, 2771,
2792, 2835, 2880
Cornell University (Ithaca, New York), and New York State
Agric. Experiment Station (Geneva, NY)–Soyfoods Research &
Development 1749, 2418, 2651, 2771
Costs and/or Profits / Returns from Producing Soybeans 259
Cotton Cloth, Fabric, Textile, Yarn, Fibers or Raw Cotton in Bales,
All from the Boll of the Cotton Plant (Gossypium sp. L.) 289, 296

Component / value-based pricing of soybeans. See Seed Quality
Composition of soybeans, soyfoods, or feeds. See Chemical /
Nutritional Composition or Analysis

Cotton Plant and Crop (Gossypium sp. L.). See also Cottonseed Oil,
Cake, and Meal 385, 832
Cottonseed Flour. Previously Spelled Cotton-Seed Flour 385

Computer Software, Computerized Information Services, and
Modeling / Simulation Related to Soy 2086, 2164, 2297, 2298,
2610, 2961, 3007
Computerized Databases and Information Services, Information
or Publications About Those Concerning Soya 1954, 2086, 2164,
2536, 2543, 2575, 2601, 2658, 2677, 2925, 2947
Computers (General) and Computer Hardware Related to Soybean
Production and Marketing. See also: Computer Software 2603,
2650, 2749, 2916
Concentrated soymilk. See Soymilk, Concentrated or Condensed
(Canned, Bottled, or Bulk)
Condensed soymilk. See Soymilk, Concentrated or Condensed
(Canned, Bottled, or Bulk)
Conservation of soils. See Soil Science–Soil Conservation or Soil
Erosion
Continental Grain Co. See ContiGroup Companies, Inc.
Continental Grain Co. Named ContiGroup Companies from 1999

Cottonseed Meal and Cake (Defatted). Previously Spelled CottonSeed Cake 214, 223, 240, 251, 426, 2759
Cottonseed Oil. Previously Spelled Cotton-Seed Oil or Cotton Oil
450, 484, 924, 1487, 2748, 2759
Cottonseeds / Cottonseed. Previously Spelled Cotton Seeds / Seed
188, 231
Cover Crop, Use of Soybeans as. See also: Intercropping 301, 2301,
2994
Cowpea / Cowpeas / Black-Eyed Peas–Etymology of These Terms
and Their Cognates / Relatives in Various Languages 214, 1542
Cowpea or Black-Eyed Pea. Vigna unguiculata (L.) Walp. Formerly
spelled Cow Pea. Also called Blackeye Pea, Cowpeas, Pea Bean,
Yardlong Cowpea. Chinese: Jiangdou. Previous scientific names:
Vigna sinensis (L.) (1890s-1970s), Vigna catjang (1898-1920),
Vigna Katiang (1889) 77, 211, 214, 242, 251, 255, 263, 265, 272,
301, 307, 313, 323, 337, 344, 347, 366, 385, 404, 406, 418, 419,
420, 631, 656, 688, 937, 1282, 1542, 1845, 1972, 2019, 2026, 2076,
2250, 2251, 2383, 2660, 2908

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 936

Cows / Cattle for Dairy Milk and Butter Fed Soybeans, Soybean
Forage, or Soybean Cake or Meal as Feed 147, 194, 214, 257, 259,
268, 385, 406, 617

fah (“Bean Curd Flowers”) or Doufu-nao, Fu-nao (“Bean Curd
Brains”). In Filipino: Taho (Often Served as a Dessert with a Sugary
Syrup) 406, 646
Cyperus esculentus. See Chufa. Also Called Earth Almond, Tiger
Nuts, etc.

Crayons. See Candles, Crayons, and Soybean Wax
Cream, soymilk. See Soymilk Cream
Crop Rotation Using Soybean Plants for Soil Improvement 153,
227, 256, 305, 385, 714, 737, 878, 1443, 1598, 1600, 1627, 1717,
1811, 1825, 2018, 2047, 2190, 2206, 2301, 2350, 2374, 2442, 2468,
2701, 2872, 2886, 2898
Cropping Systems: Intercropping, Interplanting, Mixed Cropping
or Mixed Planting (Often Planted in Alternating Rows with Some
Other Crop) 323, 385, 404, 668, 724, 735, 1172, 1234, 1411, 1853,
2035, 2178, 2341, 2374, 2400, 2432, 2540, 2648, 2720, 2929, 2971
Crown Iron Works Co. (Minneapolis, Minnesota). Maker of
Soybean Processing Equipment. Acquired by CPM (Formerly
California Pellet Mill, Waterloo, Iowa) on 16 Aug. 2007 1487
Crushing, soybean–equipment manufacturers. See Anderson
International Corp., Blaw-Knox Co. and Rotocel, Crown Iron
Works Co., French Oil Mill Machinery Co.
CSY Agri-Processing, Inc. See Central Soya Co. (Fort Wayne,
Indiana)
Cultural Practices, Cultivation & Agronomy (Including Crop
Management, Erosion, Planting, Seedbed Preparation, Water
Management / Irrigation) 54, 62, 83, 87, 89, 91, 93, 94, 106, 114,
119, 120, 123, 124, 126, 128, 129, 133, 139, 140, 147, 149, 151,
172, 184, 198, 199, 202, 216, 231, 234, 236, 243, 245, 251, 257,
259, 263, 267, 268, 282, 288, 299, 304, 306, 307, 318, 320, 323,
327, 329, 331, 333, 334, 337, 338, 353, 354, 361, 363, 364, 366,
369, 370, 372, 373, 378, 400, 404, 406, 412, 418, 419, 420, 421,
426, 428, 436, 437, 455, 484, 490, 494, 496, 537, 570, 572, 591,
602, 617, 618, 638, 646, 647, 668, 672, 675, 693, 694, 723, 725,
735, 737, 757, 775, 781, 784, 791, 803, 810, 817, 819, 830, 843,
844, 877, 886, 895, 913, 918, 919, 928, 929, 937, 941, 945, 965,
968, 972, 1086, 1103, 1126, 1130, 1135, 1154, 1163, 1186, 1192,
1234, 1287, 1288, 1299, 1341, 1373, 1377, 1378, 1396, 1407, 1443,
1450, 1479, 1486, 1492, 1494, 1530, 1544, 1597, 1598, 1600, 1616,
1627, 1633, 1750, 1751, 1752, 1763, 1764, 1781, 1810, 1811, 1852,
1856, 1858, 1918, 1925, 1932, 1947, 1951, 1973, 1983, 1988, 1991,
2000, 2015, 2035, 2054, 2080, 2114, 2126, 2134, 2167, 2178, 2187,
2206, 2221, 2223, 2224, 2225, 2226, 2227, 2229, 2254, 2257, 2262,
2271, 2273, 2278, 2298, 2305, 2332, 2346, 2378, 2388, 2392, 2394,
2397, 2400, 2405, 2415, 2416, 2433, 2438, 2451, 2488, 2494, 2513,
2535, 2540, 2577, 2584, 2598, 2604, 2606, 2610, 2679, 2699, 2707,
2727, 2737, 2748, 2765, 2828, 2837, 2895, 2924, 2961
Cultures of nitrogen fixing bacteria for soybeans. See Nitrogen
Fixing Cultures
Curds Made from Soymilk (Soft, Unpressed Tofu) as an End
Product or Food Ingredient. In Japanese: Oboro. In Chinese:
Daufu-fa, Doufu-hua, Doufu-hwa, Douhua, Toufu-hwa, Tow-foo-

Dairy alternatives (soy based). See Soy Pudding, Custard, Parfait,
or Mousse, Soy Yogurt, Soymilk, Soymilk, Fermented, Soymilk,
Fermented–Soy Kefir, Tofu (Soy Cheese)
Dammann & Co. (San Giovanni a Teduccio {near Naples}, Italy)
313
Dannen Mills (St. Joseph, Missouri). Sold (Oct. 1963) to Farmers
Union Cooperative Marketing Assoc. (CMA) in Kansas City 1487
Danshi / danchi (pinyin). See Fermented Black Soybeans, Unsalted
or Bland
Daylength Neutrality. See Soybean–Physiology–Photoperiod
Insensitivity
Day-neutral soybean varieties. See Soybean–Physiology–DayNeutral / Photoperiod Insensitive Soybean Varieties
Death certificates. See Obituaries, Eulogies, Death Certificates, and
Wills
Deceptive or misleading labeling or products. See Unfair Practices–
Including Possible Deceptive / Misleading Labeling, Advertising,
etc. See also: Adulteration
DeKalb Genetics. Including DeKalb-Pfizer Genetics (DeKalb,
Illinois) from 1982 to 1990 2493, 2760, 2880
Delphos Grain & Soya Products Co. (Delphos, Ohio) 1487
Depression. See Mental Health
Detergents or soaps made from soy oil. See Soaps or Detergents
Developing countries, soybean production in. See Tropical and
Subtropical Countries, Soybean Production in (Mostly in
Developing nations. See Third World
Development, sustainable. See World Problems–Sustainable
Development and Growth
Diabetes and Diabetic Diets 229, 310, 323, 360, 366, 484, 491, 618,
643, 646, 647, 735, 841, 875, 2366
Diesel Fuel, SoyDiesel, Biodiesel, or Artificial Petroleum (Made
from Methyl Esters of Soybean Oil) 617, 2677, 2759, 2895
Diet and Breast Cancer Prevention (Soy Is Usually Mentioned)
2668, 2898
Directories–Soybean Processors (Including Soyfoods
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Manufacturers), Researchers, Conference Attendees, and Other
Names and Addresses Related to Soyfoods, Vegetarianism,
Macrobiotics, etc. See also Directories–Japanese American in USA
617, 1487, 1602, 1973, 2066, 2540, 2658, 2694

Drought tolerance in soybeans. See Soybean–Physiology–Drought
Tolerance
Drying of soybeans. See Storage of Seeds

Diseases of Soybeans (Bacterial, Fungal, and Viral / Virus). See
also: Nematode Disease Control 139, 268, 301, 313, 329, 333, 334,
337, 338, 370, 406, 409, 421, 458, 517, 530, 544, 589, 601, 617,
618, 646, 647, 675, 695, 697, 735, 759, 797, 807, 817, 820, 877,
881, 882, 886, 887, 903, 913, 937, 941, 944, 1073, 1085, 1265,
1286, 1287, 1351, 1374, 1436, 1443, 1555, 1559, 1573, 1590, 1600,
1627, 1668, 1726, 1739, 1743, 1746, 1763, 1789, 1811, 1822, 1847,
1853, 1936, 1937, 1939, 1982, 1983, 1985, 1991, 1998, 2005, 2029,
2054, 2066, 2067, 2086, 2111, 2115, 2119, 2134, 2165, 2173, 2175,
2178, 2229, 2237, 2262, 2273, 2274, 2294, 2297, 2298, 2301, 2305,
2328, 2334, 2398, 2400, 2411, 2424, 2433, 2438, 2459, 2486, 2488,
2513, 2536, 2540, 2548, 2566, 2569, 2601, 2603, 2604, 2607, 2610,
2616, 2627, 2629, 2630, 2639, 2660, 2671, 2698, 2702, 2715, 2720,
2722, 2724, 2731, 2756, 2764, 2768, 2784, 2786, 2792, 2809, 2823,
2907
Diseases, pests, and other types of injury, plant protection from. See
Plant Protection from Diseases, Pests and Other Types of Injury
(General)

DuPont (E.I. Du Pont de Nemours & Co., Inc.) and DuPont
Agricultural Enterprise / Products (Wilmington, Delaware).
Formerly spelled Du Pont 1770, 1823, 1954, 1955, 2112, 2120,
2152, 2431, 2505, 2517, 2560, 2835, 2959
Dust Suppressants and Dust Control–Industrial Uses of Soy Oil as a
Non-Drying Oil 2777
Dutch East India Company (VOC; Vereenigde Ost-Indische
Compagnie) 17, 298, 1601, 1896
Earliest document seen... See Historical–Earliest Document Seen
Ecology (“The Mother of All the Sciences”) and Ecosystems 392,
458, 910, 1009, 1012, 1284, 1450, 1490, 1500, 1501, 1508, 1551,
1811, 1834, 1858, 1984, 2167, 2271, 2413, 2422, 2424, 2448, 2486,
2499, 2513, 2604, 2607, 2626, 2660

Diseases, plant protection from. See Soybean Rust

Economics of soybean production and hedging. See Marketing
Soybeans

District of Columbia. See United States–States–District of
Columbia

Edamamé. See Green Vegetable Soybeans, Green Vegetable
Soybeans–Edamamé

Diversity, Genetic. See Soybean–Genetic Diversity, Variability and
Population Structure

Edelsoja Whole (Full-Fat) Soy flour. Developed by Laszlo
Berczeller in Austria and Launched in May 1928 689

Documents with More Than 20 Keywords 3, 4, 5, 6, 9, 17, 31, 38,
43, 49, 51, 54, 62, 81, 104, 106, 109, 112, 113, 119, 120, 126, 139,
142, 155, 156, 164, 166, 171, 174, 179, 183, 185, 186, 191, 197,
202, 204, 211, 214, 216, 223, 242, 251, 255, 259, 268, 290, 294,
307, 310, 312, 313, 314, 317, 318, 320, 323, 325, 328, 329, 334,
336, 337, 338, 340, 366, 385, 406, 407, 409, 418, 419, 420, 421,
484, 489, 491, 496, 529, 601, 602, 617, 618, 622, 623, 631, 638,
646, 647, 672, 675, 693, 723, 735, 737, 791, 822, 841, 875, 877,
901, 913, 937, 1013, 1346, 1450, 1453, 1487, 1598, 1600, 1627,
1709, 1739, 1749, 1789, 1811, 1812, 1822, 1835, 1847, 1853, 1939,
1942, 1983, 1985, 2054, 2069, 2083, 2110, 2133, 2164, 2228, 2237,
2250, 2251, 2274, 2286, 2298, 2301, 2319, 2330, 2336, 2366, 2379,
2451, 2459, 2499, 2513, 2534, 2536, 2540, 2545, 2547, 2562, 2569,
2582, 2592, 2593, 2601, 2604, 2616, 2630, 2639, 2651, 2660, 2668,
2681, 2683, 2691, 2694, 2696, 2700, 2702, 2751, 2759, 2768, 2771,
2782, 2787, 2792

Eden Foods, Inc. (Clinton, Michigan; Founded 4 Nov. 1969) and
American Soy Products (Saline, Michigan; Founded Aug. 1986)
2717

Dorsett, Palemon Howard (1862-1943, USDA) 482, 561, 901,
1939, 1944, 1985, 2069, 2110, 2133, 2348, 2459, 2562, 2769, 2908
Dorsett-Morse Expedition to East Asia (Feb. 1929 to Feb. 1931)
482, 561, 1939, 1985, 2069, 2110, 2133, 2348, 2459, 2562, 2908
Douchi or doushi or dow see or dowsi. See Fermented Black
Soybeans

Edible or food-grade soybeans. See Green Vegetable Soybeans–
Vegetable-Type, Garden-Type, or Edible Soybeans
Egypt. See Africa–Egypt
Elizabeth City Oil and Fertilizer Co. (Elizabeth City, North
Carolina; 1915) 1006
Embargoes, tariffs, duties. See Trade Policies (International)
Concerning Soybeans, Soy Products, or Soyfoods–Tariffs, Duties,
Embargoes, Moratoriums
Empresa Brasileira de Pesquisa Agropecuaria (Brazilian Enterprise
for Research on Management of Land for Animal Production;
EMBRAPA) (Brazil). Established 26 April 1973. Includes Centro
Nacional de Pesquisa de Soja (National Soybean Research Center;
CNPS or CNPSo) 2167, 2271, 2424, 2508, 2721, 2722, 2723, 2748
Energy, renewable, from soybeans. See Diesel Fuel, SoyDiesel,
Biodiesel, or Artificial Petroleum
England. See Europe, Western–United Kingdom

Dried-frozen tofu. See Tofu, Frozen, Dried-frozen, or Dried Whole
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Entomology and Plant Quarantine. Bureau of. See United States
Department of Agriculture (USDA)–Bureau Entomology and Plant
Quarantine

602, 617, 618, 672, 675, 770, 791, 817, 891, 980, 1443, 1479, 1573,
1630, 2237, 2330, 2539, 2540, 2582, 2686
Europe, Eastern–Albania (Republika e Shqipërisë / Shqiperia) 2349

Environmental Issues, Concerns, and Protection (General, Including
Deep Ecology, Pollution of the Environment, Renewable Energy,
etc.). See also Global Warming / Climate Change, and Water Use
2677, 2678

Europe, Eastern–Belarus (Formerly Byelorussian SSR, a Soviet
Republic from 1922 to Dec. 1991). Named Belorussia, Byelorussia,
or White Russia before 1991 1696, 2135, 2532, 2611, 2706

Enzyme active soy flour. See Soy Flour, Grits, and Flakes–Enzyme
Active

Europe, Eastern–Bulgaria 622, 693, 877, 1787, 1850, 2034, 2110,
2451, 2499, 2696

Enzymes in Soybean Seeds–Lipoxygenase (Formerly Called
Lipoxidase) and Its Inactivation 555, 2463, 2533, 2536, 2567, 2581,
2639, 2644, 2685, 2759, 2856, 2871, 2906

Europe, Eastern–Croatia (Hrvatska; Declared Independence from
Yugoslavia on 21 June 1991; Includes Istria or Istrian Peninsula and
Rijeka (formerly Fiume)) 126, 139, 140, 353, 672, 693, 710, 792,
793, 1530, 2441, 2651, 2696

Enzymes in Soybean Seeds–Other 381, 406, 501, 592, 675, 850,
930, 1026, 1082, 1102, 1104, 1128, 1502, 1942, 2228, 2319, 2366,
2424, 2675
Enzymes in Soybean Seeds–Peroxidase 639, 641, 1043, 2533

Europe, Eastern–Czech Republic (Ceská Republika; Including
Bohemia or Cechy, and Moravia or Morava. From 1918 until 1
Jan. 1993, Western Part of Czechoslovakia, which also included
Slovakia or Slovensko) 138, 323, 540, 690, 1676, 1953, 1962, 2395,
2696, 2698

Enzymes in Soybean Seeds–Urease and Its Inactivation 628, 651
Enzymes in the Body of Humans and Other Animals (Including
Lactase, Trypsin, Phytase) 1928
Enzymes Produced During Fermentations Involving Koji or
Aspergillus Oryzae (Including Enzymes in Miso and Fermented Soy
Sauce) 610, 2274
Enzymes Produced During Fermentations Involving Tempeh, Natto,
Fermented Tofu, or Fermented Black Soybeans 323, 610

Europe, Eastern–Czechoslovakia (From 1918 until 1 Jan. 1993;
then divided into The Czech Republic [formerly Bohemia and
Moravia], and Slovakia [officially “The Slovak Republic”]) 71,
540, 571, 613, 617, 638, 668, 672, 689, 690, 735, 737, 877, 1676,
1953, 2499, 2696, 2698
Europe, Eastern–Estonia (Formerly Estonian SSR, a Soviet
Republic from Aug. 1940 to Aug. 1991; Also Spelled Esthonia)
573, 689, 690
Europe, Eastern (General) 1987, 2499

Equipment for making tofu. See Tofu Equipment
Equipment for soybean crushing–manufacturers. See Anderson
International Corp., Blaw-Knox Co. and Rotocel, Crown Iron
Works Co., French Oil Mill Machinery Co.
Ernst, Andrew H. (1796-1860)–Pioneer Horticulturalist and
Nurseryman of Cincinnati, Ohio 81, 87, 2545
Erosion of soils. See Soil Science–Soil Conservation or Soil
Erosion
Estrogens in plants. See Phytoestrogens
Etymology. See the specific product concerned (e.g. soybeans, tofu,
soybean meal, etc.)
Etymology (General) of Soybean Products or Closely Related
Terms (Such as “Protein”) 2616, 2702
Etymology of the Words “Soya,” “Soy,” and “Soybean” and their
Cognates / Relatives in Various Languages 8, 9, 10, 11, 12, 17, 19,
31, 36, 38, 41, 49, 51, 53, 57, 61, 62, 76, 81, 94, 103, 104, 106, 107,
108, 109, 113, 115, 116, 117, 118, 119, 120, 131, 166, 171, 174,
176, 179, 186, 197, 204, 211, 222, 230, 253, 255, 259, 265, 276,
278, 291, 292, 311, 312, 313, 325, 336, 400, 406, 477, 524, 568,

Europe, Eastern–Hungary (Magyar Köztársaság) 139, 140, 142,
174, 180, 223, 243, 291, 292, 306, 310, 312, 317, 323, 328, 353,
354, 406, 491, 617, 689, 690, 693, 737, 757, 877, 1275, 1550, 1551,
1553, 1600, 1705, 1930, 2110, 2173, 2238, 2275, 2499
Europe, Eastern–Introduction of Soybeans to. Earliest document
seen concerning soybeans in a certain Eastern European country 69,
121, 139, 573
Europe, Eastern–Introduction of Soybeans to. Earliest document
seen concerning the cultivation of soybeans in a certain Eastern
European country 69, 121, 139, 573
Europe, Eastern–Introduction of Soybeans to or Dissemination of
Soybeans from. Other or general information and leads concerning
Eastern Europe 95
Europe, Eastern–Introduction of Soybeans to. This document
contains the earliest date seen for soybeans in a certain Eastern
European country 69, 121, 139, 291, 292, 573
Europe, Eastern–Introduction of Soybeans to. This document
contains the earliest date seen for the cultivation of soybeans in a
certain Eastern European country 69, 121, 139, 573
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Europe, Eastern–Latvia (Formerly Latvian SSR, a Soviet Republic
from Aug. 1940 to Aug. 1991) 689, 690, 1561
Europe, Eastern–Lithuania (Formerly Lithuanian SSR, a Soviet
Republic from Aug. 1940 to Aug. 1991) 689, 690, 822, 1450
Europe, Eastern–Moldova (Moldavia until Aug. 1991; Formerly
Moldavian SSR, a Soviet Republic from 1917 to 26 Dec. 1991)
622, 737, 2170
Europe, Eastern–Poland 130, 256, 353, 406, 617, 622, 689, 690,
693, 735, 737, 877, 1204, 1847, 2075, 2086, 2185, 2217, 2218,
2359, 2396, 2477, 2478, 2499, 2562, 2592
Europe, Eastern–Romania (Including Moldavia and Bessarabia
until 1940-44). Also spelled Rumania 354, 568, 589, 617, 622, 689,
690, 693, 710, 737, 877, 1665, 2034, 2110, 2170, 2176, 2267, 2451,
2499, 2696
Europe, Eastern–Russian Federation (Russia); Formerly Russian
SFSR, a Soviet Republic from 30 Dec. 1922 to Dec. 1991) 69, 74,
95, 98, 106, 112, 115, 117, 128, 129, 147, 149, 161, 162, 163, 168,
172, 174, 179, 185, 186, 191, 199, 205, 218, 256, 313, 317, 318,
320, 323, 328, 349, 353, 366, 406, 432, 460, 461, 490, 494, 537,
553, 554, 594, 618, 622, 623, 646, 647, 693, 735, 861, 887, 1195,
1204, 1211, 1274, 1413, 1414, 1547, 1548, 1549, 1552, 1554, 1585,
1593, 1624, 1628, 1672, 1695, 1745, 1812, 1985, 2028, 2030, 2034,
2110, 2164, 2225, 2275, 2459, 2534, 2592, 2650, 2718, 2750, 2995
Europe, Eastern–Serbia (Republic of Serbia since 6 June 2006).
Including Belgrade, Novi Sad, Sajkaska, Vojvodina, and disputed
Kosovo. Formerly part of the loose State Union of Serbia and
Montenegro (2003-2006) 793, 2442, 2473, 2474, 2651, 2673
Europe, Eastern–Slovakia (Slovak Republic, or Slovensko; Eastern
Part of Czechoslovakia from 1918 until 1 Jan. 1993) 180, 672, 690,
2698
Europe, Eastern–Slovenia (Slovenija; Declared Independence from
Yugoslavia on 21 June 1991) 121, 126, 133, 147, 693, 710, 2139,
2441
Europe, Eastern–Soybean Production, Area and Stocks–Statistics,
Trends, and Analyses 613, 622, 1598, 2034
Europe, Eastern–Ukraine (Ukrayina; Formerly Ukranian SSR, a
Soviet Republic from 1917 to Dec. 1991) 128, 133, 147, 149, 256,
312, 323, 366, 406, 622, 672, 693, 737, 1585, 1622, 1687, 2224,
2720
Europe, Eastern–USSR (Union of Soviet Socialist Republics or
Soviet Union; called Russia before 30 Dec. 1922. Ceased to exist
on 26 Dec. 1991) 406, 432, 456, 460, 461, 462, 490, 494, 495, 537,
538, 553, 554, 572, 573, 591, 592, 594, 617, 618, 622, 623, 640,
645, 646, 647, 672, 673, 689, 690, 693, 735, 737, 766, 822, 861,
877, 887, 1195, 1204, 1211, 1274, 1413, 1414, 1450, 1466, 1515,
1547, 1548, 1549, 1552, 1554, 1557, 1561, 1585, 1593, 1598, 1600,
1622, 1623, 1624, 1627, 1628, 1632, 1633, 1634, 1662, 1663, 1672,
1687, 1695, 1696, 1716, 1733, 1735, 1745, 1804, 1812, 1849, 1891,
1892, 1895, 1944, 1981, 1985, 1987, 2027, 2028, 2030, 2034, 2076,

2110, 2132, 2135, 2164, 2170, 2185, 2224, 2225, 2249, 2267, 2268,
2275, 2319, 2361, 2451, 2459, 2497, 2498, 2499, 2532, 2534, 2582,
2592, 2611, 2614, 2650, 2655, 2661, 2750, 2762, 2914
Europe, Eastern–Yugoslavia. Existed from 1918 to Jan. 1992.
Composed of Serbia / Servia, Croatia, Bosnia and Herzegovina,
Slovenia, Macedonia, and Montenegro. Included Carnaro, Fiume /
Rijeka / Rieka 1947-1992; Formerly Also Spelled Jugoslavia. See
also Serbia and Montenegro 672, 690, 693, 710, 792, 793, 877,
1467, 1469, 1510, 1530, 1595, 1597, 2034, 2139, 2439, 2441, 2442,
2451, 2469, 2473, 2474, 2499, 2651, 2673, 2696
Europe–European Union (EU) or European Economic Community
(EEC; also known as the Common Market), renamed the European
Community (Headquarters: Brussels, Belgium) 2468
Europe, soyfoods movement in. See Soyfoods Movement in Europe
Europe, Western 193, 223, 688, 737, 1490, 1878, 1895, 2129, 2185,
2330, 2443, 2499, 2513, 2604, 2620, 2621, 2650, 2756
Europe, Western–Austria (Österreich) was independent before 8
June 1876 when the dual monarchy was formed. As the AustroHungarian Empire began to break up, the Republic of Austria
declared independence on 12 Nov. 1918 30, 35, 43, 65, 378, 384,
406, 421, 491, 617, 618, 622, 646, 647, 689, 690, 693, 735, 737,
877, 1016, 1385, 2391, 2418, 2499, 2651, 2674, 2696, 2746, 2878,
2916, 2955, 3004
Europe, Western–Austria-Hungary (Austro-Hungarian Empire).
Officially Dissolved on 12 Nov. 1918 119, 120, 121, 123, 124, 126,
129, 130, 131, 133, 137, 138, 139, 140, 141, 142, 147, 153, 165,
174, 179, 180, 184, 186, 189, 223, 243, 291, 292, 304, 306, 310,
312, 313, 317, 323, 328, 332, 353, 354, 361, 366, 672, 710
Europe, Western–Belgium, Kingdom of 385, 406, 617, 638, 737,
810, 875, 877, 913, 1222, 1340, 1376, 1450, 1674, 1739, 1987,
2285
Europe, Western–Denmark (Danmark; Including the Province of
Greenland [Kalaallit Nunaat]) 59, 67, 75, 406, 491, 529, 646, 693,
1987, 2059, 2668, 2762, 2840
Europe, Western–Finland (Suomen Tasavalta) 689, 690, 822, 974,
1166, 1354
Europe, Western–France (République Française) 8, 12, 34, 36, 59,
60, 94, 106, 116, 117, 125, 126, 131, 132, 142, 143, 146, 147, 151,
155, 169, 171, 174, 175, 179, 183, 186, 223, 224, 229, 234, 242,
253, 256, 257, 291, 292, 302, 312, 313, 317, 318, 323, 328, 335,
349, 350, 353, 357, 366, 374, 406, 413, 475, 484, 491, 529, 555,
600, 617, 618, 622, 638, 643, 646, 647, 652, 672, 693, 725, 728,
735, 741, 744, 761, 766, 769, 773, 775, 781, 782, 785, 817, 842,
864, 870, 875, 877, 887, 928, 932, 1016, 1222, 1234, 1450, 1612,
1799, 1858, 1901, 1951, 2054, 2077, 2110, 2164, 2175, 2179, 2214,
2222, 2257, 2279, 2289, 2317, 2327, 2346, 2350, 2370, 2372, 2399,
2451, 2470, 2471, 2476, 2479, 2499, 2531, 2535, 2623, 2624, 2662,
2679, 2704, 2735, 2736, 2740, 2914
Europe, Western–Germany (Deutschland; Including East and West
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Germany, Oct. 1949–July 1990) 9, 10, 11, 17, 27, 28, 33, 34, 39,
41, 43, 44, 45, 47, 48, 52, 55, 63, 64, 66, 74, 90, 98, 106, 121, 122,
123, 126, 140, 147, 156, 158, 160, 162, 163, 170, 180, 181, 182,
184, 188, 213, 220, 243, 244, 279, 283, 284, 289, 290, 296, 298,
304, 312, 313, 321, 322, 327, 335, 349, 353, 354, 361, 363, 365,
366, 368, 400, 406, 472, 491, 492, 496, 506, 507, 529, 530, 540,
568, 576, 579, 581, 589, 610, 617, 618, 622, 631, 632, 646, 647,
668, 672, 678, 689, 690, 691, 692, 693, 710, 719, 734, 735, 754,
773, 775, 791, 793, 822, 877, 886, 887, 972, 975, 1134, 1204, 1361,
1471, 1487, 1509, 1558, 1601, 1738, 1984, 2032, 2126, 2139, 2238,
2274, 2275, 2423, 2499, 2534, 2627, 2656, 2688, 2748, 2750, 2762,
2769, 2880, 2955
Europe, Western–Greece (Hellenic Republic–Elliniki Dimokratia–
Hellas. Including Crete, Kríte, Kriti, or Creta, and Epirus or
Epeiros) 662, 693, 877, 2499
Europe, Western–Introduction of Soybeans to. Earliest document
seen concerning soybeans in a certain Western European country
14, 35, 41, 56, 119, 120, 190, 791, 822, 1113
Europe, Western–Introduction of Soybeans to. Earliest document
seen concerning soybeans or soyfoods in connection with (but not
yet in) a certain Western European country 9, 10, 14, 30, 59, 75
Europe, Western–Introduction of Soybeans to. Earliest document
seen concerning the cultivation of soybeans in a certain Western
European country 14, 35, 41, 53, 56, 119, 120, 791, 822, 1113

Europe, Western–Norway, Kingdom of (Kongeriket Norge) 56, 106,
219, 313, 491, 646, 1698, 2285
Europe, Western–Portugal (República Portuguesa; Including Macao
/ Macau {Until 1999} and the Azores) 38, 39, 104, 143, 593, 738,
791, 811, 969, 2499, 2562, 2658
Europe, Western–Scotland (Part of United Kingdom since 1707)
54, 58, 67, 73, 79, 242, 524, 547, 605, 653, 683, 684, 726, 727, 953,
981
Europe, Western–Spain, Kingdom of (Reino de España) 617, 1072,
1450, 1476, 1686, 2499, 2522, 2767, 2781
Europe, Western–Sweden, Kingdom of (Konungariket Sverige) 14,
16, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 32, 33, 42, 43, 45, 143,
161, 336, 406, 491, 529, 693, 822, 975, 1204, 1227, 1354, 1896,
1901, 1987, 2034, 2110, 2126, 2185, 2239, 2377, 2406, 2443, 2515,
2534, 2568, 2628, 2639, 2663, 2679, 2701, 2718, 2762, 2792, 2901
Europe, Western–Switzerland (Swiss Confederation) 37, 44, 59, 98,
142, 174, 179, 186, 349, 353, 366, 406, 496, 617, 672, 693, 737,
875, 1852, 2039, 2127, 2138, 2190, 2215, 2225, 2238, 2270, 2275,
2276, 2287, 2406, 2440, 2443, 2499, 2514, 2697

Europe, Western–Introduction of Soybeans to. This document
contains the earliest date seen for the cultivation of soybeans in a
certain Western European country 14, 35, 41, 53, 56, 119, 120, 336,
791, 822, 1113, 2499

Europe, Western–United Kingdom of Great Britain and Northern
Ireland (UK–Including England, Scotland, Wales, Channel Islands,
Isle of Man, Gibraltar) 8, 12, 30, 31, 34, 43, 51, 53, 54, 58, 67, 68,
70, 72, 73, 79, 84, 100, 101, 103, 104, 105, 106, 113, 126, 127, 134,
135, 142, 150, 156, 160, 164, 167, 173, 174, 177, 178, 184, 185,
187, 191, 209, 226, 242, 294, 296, 303, 312, 320, 327, 329, 363,
364, 366, 385, 406, 447, 448, 458, 479, 491, 524, 529, 547, 593,
605, 610, 617, 618, 623, 631, 638, 646, 647, 684, 689, 690, 726,
727, 737, 772, 781, 814, 815, 816, 818, 821, 829, 877, 910, 953,
981, 1001, 1071, 1081, 1098, 1119, 1125, 1154, 1216, 1280, 1286,
1336, 1419, 1473, 1474, 1610, 1611, 1615, 1648, 1649, 1681, 1739,
1747, 1857, 1888, 1896, 1901, 1972, 1984, 1989, 2019, 2026, 2034,
2084, 2085, 2118, 2216, 2234, 2235, 2298, 2299, 2303, 2304, 2311,
2312, 2357, 2358, 2399, 2402, 2416, 2426, 2427, 2446, 2515, 2516,
2539, 2627, 2658, 2681, 2707, 2718

Europe, Western–Ireland, Republic of (Éire; Also Called Irish
Republic) 2153

European Soybean Types and Varieties–Early, with Names 668,
735, 864

Europe, Western–Italy (Repubblica Italiana) 7, 23, 29, 37, 40, 46,
50, 57, 106, 126, 145, 184, 223, 291, 292, 308, 312, 313, 318, 328,
406, 421, 484, 617, 618, 622, 646, 647, 693, 710, 735, 1276, 2164,
2351, 2468, 2499, 2592

Evans Seed Co. (West Branch, Ogemaw County, Michigan) and Mr.
Edward Ellsworth Evans (1864-1928) 2592

Europe, Western–Introduction of Soybeans to or Dissemination of
Soybeans from. Other or general information and leads concerning
Western Europe 57
Europe, Western–Introduction of Soybeans to. This document
contains the earliest date seen for soybeans in a certain Western
European country 14, 35, 41, 56, 119, 120, 190, 336, 791, 822, 1113

Expellers. See Soybean Crushing–Equipment–Screw Presses and
Expellers

Europe, Western–Malta 1113
Experiment Stations, Office of. See United States Department of
Agriculture (USDA)–Office of Experiment Stations

Europe, Western–Monaco, Principality of 190
Europe, Western–Netherlands, Kingdom of the (Koninkrijk der
Nederlanden), Including Holland 10, 11, 13, 14, 15, 16, 17, 24, 30,
34, 35, 67, 74, 90, 105, 125, 160, 162, 166, 192, 298, 299, 311, 312,
319, 323, 326, 333, 334, 349, 353, 366, 370, 406, 491, 529, 569,
612, 617, 624, 638, 642, 646, 670, 693, 701, 735, 786, 877, 1204,
1487, 1542, 1601, 1896, 1901, 2058, 2123, 2298, 2651, 2660, 2829

Experiment stations (state) in USA. See Agricultural Experiment
Stations in the United States
Explosives Made from Soy Oil or Glycerine–Industrial Uses of Soy
Oil as a Non-Drying Oil 320
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Exports. See Trade of Soybeans, Oil & Meal, or see Individual
Soyfoods Exported
Extruders, Extrusion Cooking, Extrusion Cookers and Expanders.
See also Low Cost Extrusion Cookers (LEC / LECs) 2759, 2898

Feeds / Forage from Soybean Plants–Straw (Stems of Whole Dried
Soybean Plants). Also Fertilizing Value, Other Uses, Yields, and
Chemical Composition 130, 131, 137, 138, 139, 141, 153, 156, 184,
188, 198, 199, 256, 323, 378, 426, 429, 668, 675, 695, 766, 781,
849, 869

Faba bean or fava bean. See Broad Bean (Vicia faba)
Fairchild, David (1869-1954). In 1897 founded Section of Foreign
Seed and Plant Introduction. After March 1901, Renamed Office of
Foreign Seed and Plant Introduction, then Office of Foreign Plant
Introduction, then Division of Foreign Plant Introduction 601, 901,
2769
Family history. See Genealogy and Family History
FAO. See United Nations (Including UNICEF, FAO, UNDP,
UNESCO, and UNRRA) Work with Soy

Feeds Made from Soybean Meal (Defatted) 173, 303, 320, 323,
622, 1856, 2167, 2513, 2547, 2616, 2630, 2702
Feeds–Soybeans, soybean forage, or soy products fed to various
types of animals. See The type of animal–chickens, pigs, cows,
horses, etc.
Fermented Black Soybean Extract (Shizhi / Shih Chih), and
Fermented Black Soybean Sauce (Mandarin: Shiyou / Shih-yu.
Cantonese: Shi-yau / Si-yau / Seow. Japanese: Kuki-jiru). See also
Black Bean Sauce 2, 3, 208, 662
Fermented Black Soybean Production–How to Make Fermented
Black Soybeans on a Commercial Scale 5

Farm machinery. See Tractors
Farm Machinery–Etymology of Related Terms and Their Cognates
216, 233, 294
Fatty Acids for Non-Drying or Drying Applications (As in Hot-Melt
Glues or the Curing Component of Epoxy Glues)–Industrial Uses of
Soy Oil 1487, 1662, 2759
Feeds / Forage from Soybean Plants–Hay (Whole Dried Soybean
Plants, Foliage and Immature Seed Included) 114, 131, 183, 188,
189, 198, 200, 201, 202, 204, 214, 215, 216, 221, 227, 245, 251,
255, 259, 261, 263, 266, 267, 268, 270, 273, 294, 300, 306, 307,
320, 323, 327, 331, 337, 338, 358, 360, 379, 385, 391, 404, 406,
411, 418, 419, 420, 421, 426, 429, 599, 675, 735, 766, 781, 803,
819, 881, 890, 1002, 2592, 2759
Feeds / Forage from Soybean Plants or Full-Fat Seeds (Including
Forage, Fodder {Green Plants}, or Ground Soybean Seeds) 81, 87,
89, 94, 125, 128, 140, 147, 166, 171, 207, 209, 232, 233, 238, 241,
252, 257, 265, 274, 295, 302, 310, 328, 350, 366, 485, 489, 496,
519, 529, 601, 618, 622, 643, 646, 647, 688, 693, 700, 721, 817,
868, 901, 937, 968, 1118, 1392, 1416, 1443, 2164, 2273, 2651
Feeds / Forage from Soybean Plants–Pasture, Grazing or Foraging
251, 255, 259, 263, 271, 306, 313, 385, 406, 418, 419, 420, 602,
617, 675, 737, 766, 2335
Feeds / Forage from Soybean Plants–Pastures & Grazing–Hogging
Down / Off, Pasturing Down, Grazing Down, Lambing Down / Off,
and Sheeping-Down / Off 259, 306, 313, 391, 406, 781, 1493, 2667
Feeds / Forage from Soybean Plants–Silage / Ensilage Made in a
Silo 142, 194, 198, 200, 214, 216, 221, 227, 231, 240, 251, 255,
263, 273, 294, 300, 306, 320, 327, 337, 338, 360, 385, 406, 418,
419, 420, 421, 502, 602, 617, 675, 689, 699, 737, 766, 781, 841,
1450, 1493, 1600, 1965, 2648, 2720
Feeds / Forage from Soybean Plants–Soilage and Soiling (Green
Crops Cut for Feeding Confined Animals) 206, 214, 223, 255, 261,
263, 271, 300, 306, 360, 406, 419, 2433

Fermented Black Soybeans, Unsalted or Bland (Soybean Koji)–
Whole Soybeans Fermented without Salt in China (Danshi / Danchi
in pinyin, or Tanshih, Tan-shih, or Tan-ch’ih in Wade-Giles) 5
Fermented Black Soybeans–Whole Soybeans Fermented with
Salt–Also called Fermented Black Beans, Salted Black Beans,
Salty Black Beans, Black Fermented Beans, Black Beans, Black
Bean Sauce, Black Bean and Ginger Sauce, Chinese Black Beans,
Preserved Black Beans or Preserved Chinese Black Beans. In
Chinese (Mandarin): Shi, Doushi, or Douchi (pinyin), Tou-shih,
Toushih, or Tou-ch’ih (Wade-Giles). Cantonese: Dow see, Dow si,
Dow-si, Dowsi, or Do shih. In Japan: Hamanatto, Daitokuji Natto,
Shiokara Natto, or Tera Natto. In the Philippines: Tausi or Taosi /
Tao-si. In Malaysia or Thailand: Tao si. In Indonesia: Tao dji, Taodji, or Tao-djie 2, 3, 4, 5, 6, 142, 183, 208, 217, 299, 323, 406, 407,
459, 496, 617, 621, 646, 662, 1450, 1709, 1942, 2228
Fermented Soyfoods and Their Fermentation (General). See also:
Microbiology and Bacteriology–History of Early Discoveries 610,
759, 1942, 2228, 2274
Fermented Specialty Soyfoods–Soy Wine, Cantonese Wine Starter
(Kiu-Tsee / Tsée), Soy Fermentation Pellicle or Bean Ferment (Tou
Huang), Soyidli / Idli, Dosa / Dosai, Dhokla, and Soy Ogi 6, 183,
323, 459, 621, 693, 1709, 1811
Fermented tofu. See Tofu, Fermented
Fermented whole soybeans. See Natto, Dawa-dawa, Kinema, Thuanao
Ferruzzi-Montedison (Italy). Purchased Central Soya Co. (USA) in
Oct. 1987. European crushing operations renamed Cereol on 1 Jan.
1990. Cereol acquired by Bunge in April 2003 2468
Fertility of the soil. See Soil Science–Soil Fertility
Fertilizer, soybean meal used as. See Soybean Meal / Cake, Fiber
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(as from Okara), or Shoyu Presscake as a Fertilizer or Manure for
the Soil
Fertilizers / Fertilizer (Incl. Foliar Sprays), Fertilization, Plant
Nutrition, Mineral Needs, and Nutritional / Physiological Disorders
of Soybeans (Including Chlorosis) 267, 317, 333, 334, 373, 418,
419, 420, 430, 436, 437, 445, 478, 487, 499, 517, 544, 562, 568,
580, 584, 585, 587, 611, 615, 616, 661, 707, 719, 731, 734, 754,
763, 768, 791, 804, 817, 829, 890, 941, 1109, 1142, 1273, 1301,
1371, 1391, 1435, 1448, 1479, 1485, 1498, 1525, 1545, 1578, 1586,
1590, 1598, 1600, 1620, 1627, 1634, 1638, 1641, 1645, 1647, 1656,
1691, 1692, 1750, 1751, 1752, 1764, 1811, 1856, 1858, 1886, 1937,
1991, 2009, 2170, 2205, 2206, 2272, 2274, 2289, 2400, 2405, 2430,
2511, 2632, 2633, 2634, 2713, 2737, 2739, 2973
Fiber. See Carbohydrates–Dietary Fiber
Fiber–Okara or Soy Pulp–Etymology of This Term and Its Cognates
/ Relatives in Various Languages 693
Fiber–Okara or Soy Pulp, the Residue Left from Making Soymilk
or Tofu. Also called Bean Curd Residue, Soybean Curd Residue,
Dou-fu-zha (Pinyin) 323, 406, 693, 913, 2298, 2301, 2759

Food uses of soybeans, breeding for. See Variety Development,
Breeding, Selection, Evaluation, Growing, or Handling of Soybeans
for Food Uses
Food uses of soybeans in the USA, early. See Historical–Documents
about Food Uses of Soybeans (or Recipes) in the USA before 1900
Foodservice and institutional feeding or catering. See School Lunch
Program
Forage, soybean. See Feeds / Forage from Soybean Plants, Feeds /
Forage from Soybean Plants or Full-Fat Seeds
Ford, Henry (1863-1947), and His Researchers–Work with Soy–
Robert Boyer, Frank Calvert, William Atkinson, Edsel Ruddiman,
Bob Smith, Holton W. “Rex” Diamond, and Jan Willemse 646, 672,
766, 781, 841, 877, 1656, 1941, 2250, 2251, 2336
Foreign Agricultural Service of USDA. See United States
Department of Agriculture (USDA)–Foreign Agricultural Service
(FAS)
France. See Europe, Western–France

Fiber–Presscake, Residue or Dregs from Making Soy Sauce 164
Fiber, Soy–Bran–Etymology of This Term and Its Cognates /
Relatives in Various Languages 406, 621
Fiber, Soy–Bran (Pulverized Soybean Hulls / Seed Coats) and Other
Uses of Soybean Hulls 406, 621, 1942, 2228
Fibers (Artificial Wool or Textiles Made from Spun Soy Protein
Fiber, Including Azlon, Soylon, and Soy Silk / Soysilk)–Industrial
Uses of Soy Proteins 617, 2582, 2759

Frankfurters, hot dogs, or wieners–meatless. See Meat Alternatives–
Meatless Sausages
Franklin, Benjamin (1706-1790; American Statesman and
Philosopher), Charles Thomson, and the American Philosophical
Society (APS–Philadelphia, Pennsylvania) 458, 1812, 2859
French Oil Mill Machinery Co. (Piqua, Ohio). Maker of Soybean
Crushing Equipment. Also Named French Oil Machinery Co.. 1487
Frozen desserts, non-dairy. See Soy Ice Cream

Fiji. See Oceania–Fiji
Frozen tofu. See Tofu, Frozen, Dried-Frozen, or Dried Whole
Flatulence or Intestinal Gas–Caused by Complex Sugars (As the
Oligosaccharides Raffinose and Stachyose in Soybeans), by Fiber,
or by Lactose in Milk 546, 552, 1928, 1938, 2321, 2366, 2639,
2718, 2757, 2759, 2771

Functional Foods, Nutraceuticals / Nutriceuticals, Designer Foods,
or Medicinal Foods 2668, 2759

Flavor / Taste Problems and Ways of Solving Them (Especially
Beany Off-Flavors in Soy Oil, Soymilk, Tofu, Whole Dry
Soybeans, or Soy Protein Products, and Ways of Masking or
Eliminating Them) 2321, 2639

Funk Brothers Seed Co. (Bloomington, Illinois). Founded in 1901
by Eugene D. Funk, Sr. (1867-1944). Started selling soybeans in
1903. Started Crushing Soybeans in 1924. Renamed Funk Seeds
International, Inc. by 1972. Controlled by Ciba-Geigy by 1974 937,
1013, 1346, 1453, 1487, 1789, 1847, 1955, 2086, 2410, 2562, 2569,
2592, 2683, 2768

Flax plant or flaxseed. See Linseed Oil, Linseed Cake / Meal, or the
Flax / Flaxseed Plant

Gandhi, Mohandas K. (“Mahatma”) (1869-1948). Vegetarian
Pioneer Worldwide, and in India and England 618, 646, 647

Flour, cottonseed. See Cottonseed Flour
Ganmodoki. See Tofu, Fried
Flour, soy. See Soy Flour
Garbanzo beans, etymology. See Chickpea, Etymology
Foams for Fighting Fires–Industrial Uses of Soy Proteins (Foam,
Foaming Agents) 1487

Gas, intestinal. See Flatulence or Intestinal Gas

Fodder, soybean. See Feeds / Forage from Soybean Plants or FullFat Seeds

Gene banks. See Germplasm Collections and Resources, and Gene
Banks
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the Soybean
Genealogy and Family History. See Also: Obituaries, Biographies
10, 17, 30, 33, 35, 41, 43, 49, 54, 58, 60, 61, 62, 67, 70, 73, 75, 99,
100, 113, 116, 118, 122, 134, 152, 158, 159, 160, 163, 164, 174,
175, 179, 186, 193, 229, 253, 286, 302, 316, 319, 325, 326, 349,
350, 383, 406, 507, 631, 672, 759, 823, 1460, 1656, 1708, 1845,
1896, 1927, 2361, 2459, 2696

Goitrogens / Goitrogenic Substances (Which Can Affect Thyroid
Function and Cause Goiter) 978
Golbitz, Peter. See Soyatech (Bar Harbor, Maine)
Government policies and programs effecting soybeans. See Policies
and programs

General Mills, Inc. (Minneapolis, Minneapolis) 1487
Genetic Diversity. See Soybean–Genetic Diversity, Variability and
Population Structure
Genetic Engineering, Transgenics, Recombinant DNA, Transgenic
Plants and Biotechnology / Biotech 2405, 2546, 2576, 2604, 2618,
2639, 2751, 2759, 2760, 2761, 2814, 2832, 2834, 2835, 2838, 2858,
2880, 2886, 2887, 2896, 2901, 2909, 2919, 2922, 2947, 2959, 2962,
2967, 2977, 3007, 3008

Grades and grading of soybeans. See Seed Quality of Soybeans–
Condition, Grading, and Grades (Moisture, Foreign Material,
Damage, etc.)
Grain Farmers of Ontario (GFO). See Ontario Soybean Growers
(Canada)
Grazing green soybean plants. See Feeds / Forage from Soybean
Plants–Pasture, Grazing or Foraging

Genetic or genetics. See Soybean Genetics or Genome
Genetics, soybean. See Breeding of Soybeans and Classical
Genetics
Genome. See Soybean Genetics or Genome
Georgeson, Charles Christian (1851-1931) of Kansas and Alaska
195, 196, 197, 198, 201, 202, 204, 216, 240, 2651, 2792

Green Manure, Use of Soybeans as, by Plowing / Turning In
/ Under a Crop of Immature / Green Soybean Plants for Soil
Improvement 17, 201, 263, 265, 271, 300, 306, 406, 421, 527, 532,
623, 737, 841, 1016, 1443, 1450, 1493, 1598, 1627, 1790, 1965,
2628, 2631, 2720, 2725
Green soybeans. See Soybean Seeds–Green
Green Vegetable Soybeans (Edamamé)–Machinery or Equipment
Used for Harvesting or Picking, Sorting, Cleaning, and / or
Shelling, Threshing, or Depodding 1453, 2671, 2724, 2771

Germany. See Europe, Western–Germany
Germination / viability of seeds. See Seed Germination or Viability–
Not Including Soy Sprouts
Germplasm Collections and Resources, Gene Banks, and Seed
Stores 880, 1265, 1266, 1347, 1400, 1438, 1440, 1584, 1723, 1755,
1789, 1847, 1944, 1954, 1955, 1956, 1983, 1985, 1996, 2004, 2035,
2049, 2062, 2079, 2086, 2110, 2111, 2117, 2133, 2164, 2236, 2237,
2249, 2251, 2273, 2277, 2278, 2319, 2331, 2339, 2341, 2348, 2361,
2362, 2409, 2411, 2416, 2436, 2450, 2459, 2536, 2552, 2562, 2590,
2592, 2593, 2599, 2606, 2613, 2614, 2617, 2642, 2651, 2683, 2684,
2687, 2691, 2700, 2709, 2722, 2750, 2762, 2768, 2775, 2836, 2902,
2906, 2969, 2972
Glidden Co. (The) (Chicago, Illinois, and Cleveland, Ohio). Incl.
Durkee Famous Foods. See also: Julian, Percy 1016, 1942, 2228
Global Warming, Climate Change and Greenhouse Gases as
Environmental Issues 2595, 2677

Green Vegetable Soybeans–Etymology of This Term and Its
Cognates / Relatives in Various Languages 85, 197, 496, 675, 723,
1453, 2671
Green Vegetable Soybeans–Horticulture–How to Grow as a Garden
Vegetable or Commercially 323, 485, 630, 675, 1856, 2457, 2458,
2794
Green Vegetable Soybeans Industry and Market Statistics, Trends,
and Analyses–By Geographical Region 2671
Green Vegetable Soybeans–Large-Seeded Vegetable-Type or Edible
Soybeans, General Information About, Not Including Use As Green
Vegetable Soybeans 489, 975, 1453, 1835, 2379, 2459, 2639, 2665,
2683, 2684, 2700, 2715, 2716, 2717, 2782, 2787, 2891
Green Vegetable Soybeans–Leaves of the Soybean Plant Used as
Food or Medicine. Called Huo in Chinese 1, 3, 4, 1825, 2582

Gluten. See Wheat Gluten
Glycerine, explosives made from. See Explosives Made from
Glycerine
Glycine javanica or Glycine wightii. See Neonotonia wightii
Glycine soja. See Wild Annual Soybean
Glycine species, wild perennial. See Wild, Perennial Relatives of

Green Vegetable Soybeans–Soybean Seedlings or Their Leaves
Served as a Tender Vegetable. Called Doumiao or Tou Miao in
Chinese 4
Green Vegetable Soybeans–The Word Edamame (Japanese-Style,
in the Pods), Usually Grown Using Vegetable-Type Soybeans–
Appearance in European-Language Documents 197, 204, 1490,
2432, 2644, 2671, 2711, 2724, 2759, 2771, 2794, 2876, 2891, 2902,
2944, 2975
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Green Vegetable Soybeans, Usually Grown Using Vegetable-Type
Soybeans 77, 85, 94, 132, 142, 171, 181, 197, 204, 207, 253, 310,
311, 323, 329, 406, 484, 485, 496, 601, 617, 630, 672, 675, 693,
699, 700, 704, 723, 737, 776, 791, 817, 840, 937, 1013, 1228, 1322,
1387, 1409, 1424, 1446, 1490, 1709, 1746, 1811, 1822, 1856, 1942,
1983, 1985, 2059, 2201, 2228, 2428, 2432, 2457, 2458, 2612, 2644,
2671, 2685, 2710, 2711, 2724, 2731, 2757, 2759, 2770, 2771, 2772,
2790, 2794, 2818, 2825, 2849, 2850, 2851, 2873, 2898, 2907, 2935,
2975
Green Vegetable Soybeans–Vegetable-Type, Garden-Type, or
Edible of Food-Grade Soybeans, General Information About,
Including Use As Green Vegetable Soybeans 723, 840, 937, 1013,
1322, 1822, 1985, 2398, 2685, 2710, 2711, 2731, 2771, 2850, 2851

1436, 1488, 1555, 1563, 1598, 1627, 1717, 1720, 1721, 1723, 1729,
1755, 1764, 1789, 1809, 1854, 1873, 1879, 1902, 1954, 1964, 1985,
1991, 2004, 2069, 2079, 2086, 2116, 2178, 2249, 2250, 2251, 2263,
2334, 2335, 2348, 2361, 2362, 2400, 2410, 2430, 2450, 2454, 2536,
2592, 2593, 2594, 2636, 2637, 2644, 2691, 2693, 2695, 2773, 2953
Harvester, pre-Combine 261
Harvesting and Threshing Soybeans (Including Use of Chemical
Defoliation and Defoliants to Facilitate Harvesting) 142, 243, 245,
247, 251, 259, 261, 267, 268, 306, 307, 320, 323, 328, 385, 406,
429, 474, 496, 589, 622, 735, 737, 766, 778, 791, 810, 832, 877,
941, 968, 1013, 1086, 1287, 1382, 1443, 1479, 1598, 1600, 1627,
1739, 1811, 1853, 1856, 1974, 1991, 2113, 2114, 2178, 2335, 2343,
2362, 2392, 2415, 2457, 2458, 2488, 2577, 2612, 2639, 2641, 2654,
2660, 2671, 2724, 2756, 2770, 2771, 2803

Griffith Laboratories (Chicago and Alsip, Illinois) 1487
Hawaii. See United States–States–Hawaii
Grits, roasted soy. See Roasted Whole Soy Flour (Kinako–Dark
Roasted with Dry Heat, Full-Fat) and Grits
Groundnuts. See Peanut, Peanuts

Hay, soybean. See Feeds / Forage from Soybean Plants–Hay
Hayes Ashdod Ltd. (renamed Solbar Hatzor Ltd. in April 1987) and
Hayes General Technology (Israel) 2668

Growth regulators / substances -. See Soybean–Growth Regulators
/ Substances
Gunther Products, Inc. (Galesburg, Illinois. Founded by J.K.
Gunter in 1949. Started in 1950. Acquired in April 1995 by Quest
International, a Unit of Unilever) 1487

Healing arts, alternative. See Medicine–Alternative
Health Foods Movement and Industry in the United States–General
(Started in the 1890s by Seventh-day Adventists) 840
Heart disease and diet. See Cardiovascular Disease, Especially
Heart Disease and Stroke

Haage & Schmidt (Erfurt, Germany) 243, 313
Haberlandt, Friedrich J. (1826-1878, Hochschule fuer Bodencultur,
Vienna, Austria) 119, 120, 121, 123, 124, 126, 129, 130, 131, 133,
137, 138, 139, 141, 142, 153, 183, 243, 291, 292, 304, 306, 310,
353, 354, 361, 365, 366, 406, 536, 690, 693, 710, 877, 1016, 1512,
2696
Haberlandt soybean variety. See Soybean Varieties USA–
Haberlandt
Hackleman, Jay C. (1888-1970, Extension Agronomist, Univ. of
Illinois) 2436
Hamanatto Fermented Black Soybeans–from Japan. In Japan called
Hamanatto or (formerly) Hamananatto 406, 496, 646, 1450
Hamanatto / Hamananatto. See Hamanatto Fermented Black
Soybeans–from Japan
Hansa Muehle AG. See Oelmuehle Hamburg AG (Hamburg,
Germany)
Hansa Muehle / Hansa Mühle (The Hansa Mill) and Hanseatische
Muehlenwerke AG. Incl. the Work of Hermann Bollmann and
Bruno Rewald, PhD 506, 529
Hartwig, Edgar Emerson (1913-1996, North Carolina and
Mississippi). Soybean Breeder for the U.S. South 847, 856, 878,
880, 899, 920, 1073, 1077, 1135, 1299, 1300, 1343, 1370, 1378,

Hemagglutinins (Lectins or Soyin) (Proteins Which Agglutinate
Red Blood Cells) 2154, 2188, 2357, 2428
Hemp Oil or Hempseed Oil (from the seeds of Cannabis sativa) 183
Hemp (Cannabis sativa)–Used as a Source of Fiber for Textiles or
Paper, Protein (Edestin), or Seeds (Asanomi). Includes Marijuana
/ Marihuana. See Also Hemp Oil or Hempseed Oil. Does NOT
include Wild Hemp (Sesbania macrocarpa) or Sunn Hemp
(Crotolaria juncea) or Manila hemp (Musa textilis, a species of
plantain) 68, 97, 104, 107, 109, 110, 112, 159, 164, 183, 188, 242,
342, 347, 631, 656, 688, 1479, 1558, 1602
Herbicides. See Weeds–Control and Herbicide Use
Historical–Documents about Food Uses of Soybeans (or Recipes) in
the USA before 1900 49, 62, 81, 83, 85, 87, 88, 93, 152, 189, 202,
223, 255
Historical–Documents on Soybeans or Soyfoods Published Before
1900 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
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134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,
186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251, 252, 253, 254, 255, 256, 257
Historical–Documents on Soybeans or Soyfoods Published from
1900 to 1923 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,
269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281,
282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 294, 295,
296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321,
322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334,
335, 336, 337, 338, 339, 340, 342, 343, 344, 345, 346, 347, 348,
349, 350, 351, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362,
363, 364, 365, 366, 367, 369, 370, 371, 372, 373, 374, 375, 376,
377, 378, 379, 380, 381, 382, 383, 384, 385, 387, 388, 389, 390,
391, 392, 393, 394, 395, 396, 397, 399, 400, 402, 403, 404, 405,
406, 407, 408, 409, 410, 411, 412, 413, 414
Historical–Earliest Document Seen Containing a Particular Word,
Term, or Phrase 4, 9, 16, 19, 28, 31, 32, 34, 36, 38, 42, 43, 44, 51,
54, 60, 62, 67, 68, 70, 76, 80, 81, 87, 99, 104, 106, 108, 109, 113,
115, 116, 119, 122, 123, 124, 130, 131, 135, 136, 142, 146, 153,
166, 167, 171, 174, 183, 184, 193, 194, 197, 198, 202, 206, 208,
211, 214, 216, 217, 223, 230, 242, 251, 255, 259, 268, 283, 284,
291, 292, 310, 313, 314, 315, 324, 325, 328, 334, 337, 338, 377,
384, 392, 399, 406, 414, 421, 432, 477, 496, 515, 521, 569, 614,
617, 618, 621, 635, 661, 675, 701, 723, 791, 822, 875, 900, 937,
957, 978, 998, 1070, 1081, 1085, 1227, 1298, 1354, 1453, 1542,
1630, 1723, 1739, 1847, 1924, 1928, 1930, 1959, 2023, 2029, 2096,
2161, 2236, 2300, 2459, 2471, 2668, 2708, 2732, 2804, 2969
Historical–Earliest Document Seen on a Particular Geographical
Area–a Nation / Country, U.S. State, Canadian Province, or
Continent 10, 14, 17, 35, 38, 41, 43, 49, 53, 54, 56, 62, 69, 81, 89,
95, 98, 101, 119, 120, 126, 136, 139, 150, 155, 156, 157, 175, 183,
185, 190, 191, 204, 216, 244, 266, 269, 279, 290, 294, 302, 336,
385, 572, 573, 617, 623, 638, 791, 822, 968, 1113, 1590, 1812,
2119, 2206, 2499, 2662
Historical–Earliest Document Seen on a Particular Subject 3, 5, 6,
7, 9, 17, 31, 58, 74, 80, 83, 105, 106, 109, 118, 119, 120, 121, 147,
204, 243, 244, 268, 310, 315, 317, 320, 382, 384, 392, 422, 784,
788, 944, 1091, 1800
Historical–Earliest Document Seen on a Particular Subject 1, 2, 4,
5, 6, 9, 10, 14, 16, 17, 19, 28, 31, 32, 41, 42, 44, 49, 53, 54, 56, 58,
59, 60, 62, 69, 75, 80, 81, 84, 85, 87, 89, 90, 99, 100, 104, 106, 108,
113, 114, 118, 119, 120, 123, 126, 134, 142, 146, 147, 150, 152,
155, 157, 159, 174, 175, 180, 183, 185, 190, 193, 197, 198, 202,
204, 216, 217, 223, 230, 244, 245, 251, 255, 256, 259, 266, 268,
269, 270, 279, 290, 294, 299, 302, 310, 313, 314, 315, 317, 320,
324, 329, 334, 336, 366, 382, 385, 394, 406, 409, 432, 482, 572,
573, 614, 617, 623, 638, 645, 675, 693, 788, 822, 826, 845, 944,

957, 1085, 1086, 1091, 1113, 1227, 1346, 1394, 1453, 1590, 1614,
1723, 1746, 1764, 1789, 1800, 1822, 1835, 1847, 1849, 1928, 1941,
2029, 2206, 2271, 2471, 2662, 2665, 2691, 2781
Historical–Earliest Document Seen That Mentions a Particular
Soybean Variety 197, 259, 268, 329, 409, 630, 1746, 1822, 1847,
2691
Historical–Important Documents (Published After 1923) About
Soybeans or Soyfoods Before 1900 1479, 2260, 2319, 2545, 2651,
2659, 2789
Historically Important Events, Trends, or Publications 19, 74, 179,
186, 323, 555, 662, 1709, 2267, 2599, 2639, 2668
History–Chronology. See Chronology / Timeline
History of the Soybean–Myths and Early Errors Concerning Its
History 1764
History. See also Historical–Earliest..., Biography, Chronology /
Timeline, and Obituaries 18, 28, 31, 34, 35, 84, 109, 110, 112, 113,
134, 136, 142, 143, 158, 159, 161, 162, 163, 171, 174, 179, 183,
186, 242, 291, 292, 296, 298, 308, 310, 312, 313, 314, 317, 318,
323, 336, 337, 338, 349, 353, 354, 366, 382, 406, 418, 419, 420,
421, 434, 455, 458, 479, 491, 492, 496, 507, 518, 536, 601, 613,
617, 618, 622, 623, 631, 646, 647, 662, 671, 672, 693, 735, 759,
791, 841, 875, 876, 877, 901, 913, 1013, 1072, 1242, 1255, 1361,
1601, 1656, 1708, 1712, 1713, 1738, 1764, 1811, 1825, 1845, 1853,
1896, 1901, 1942, 1965, 1973, 1985, 2069, 2078, 2083, 2110, 2123,
2129, 2133, 2134, 2164, 2180, 2227, 2228, 2237, 2239, 2252, 2253,
2271, 2273, 2286, 2330, 2331, 2335, 2336, 2338, 2361, 2366, 2410,
2417, 2425, 2430, 2432, 2433, 2436, 2450, 2468, 2534, 2539, 2545,
2562, 2569, 2582, 2592, 2593, 2607, 2616, 2651, 2667, 2671, 2681,
2686, 2696, 2701, 2702, 2711, 2724, 2725, 2748, 2751, 2755, 2756,
2762, 2765, 2769, 2782, 2783, 2792, 2859, 2907, 2926, 2954, 2971
Hogging down soybeans. See Forage from Soybean Plants–
Hogging Down
Holland. See Europe, Western–Netherlands
Holmberg, Sven A. (1894-1982, Fiskeby, Norrköping, Sweden).
Soybean Breeder for the Far North 975, 1204, 1227, 1354, 1987,
2034, 2110, 2126, 2239, 2377, 2406, 2443, 2515, 2554, 2663, 2679,
2701, 2762, 2792, 2901
Homemade soy sprouts. See Soy Sprouts, Homemade–How to
Grow at Home or on a Laboratory Scale, by Hand
Homemade tofu. See Tofu, Homemade–How to Make at Home or
on a Laboratory or Community Scale, by Hand
Honeybees. See Bees
Honeymead Products Co. (Cedar Rapids, Spencer, and Washington,
Iowa, 1938-1945. Then Mankato, Minnesota, 1948-1960). See also
Andreas Family 1487
Hong Kong. See Asia, East–Hong Kong
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112, 183, 310, 329, 491
Hormones from soybeans. See Sterols or Steroid Hormones
Illustrations, Not About Soy, Published before 1924. See also
Photos 144, 160

Horse bean. See Broad Bean (Vicia faba)
Horses, Ponies, Mules, Donkeys or Asses Fed Soybeans, Soybean
Forage, or Soybean Cake or Meal as Feed 1, 4, 125, 153, 156, 166,
171, 183, 617
Horvath, Artemy / Arthemy Alexis (1886-1979) and Horvath
Laboratories. See also Soya Corporation of America and Dr.
Armand Burke 477, 491, 2769

Illustrations (Often Line Drawings) Published before 1924. See also
Photographs 9, 10, 13, 17, 25, 27, 30, 33, 61, 77, 90, 99, 109, 112,
113, 115, 117, 118, 119, 120, 122, 142, 162, 180, 193, 208, 209,
213, 234, 243, 253, 257, 259, 265, 291, 292, 294, 298, 312, 317,
318, 320, 323, 325, 337, 338, 347, 366, 367, 383, 385, 421

Hulls, soybean, uses. See Fiber, Soy

Illustrations Published after 1923. See also Photographs 431, 460,
461, 468, 491, 647, 688, 720, 735, 746, 887, 1512, 1555, 1618,
1896, 1901, 2083, 2177, 2350, 2399, 2410, 2539, 2660, 2762

Human Nutrition–Human Trials 310, 406, 477, 1942, 2228, 2298,
2366, 2668

Implements, agricultural. See Machinery (Agricultural),
Implements, Equipment and Mechanization

Hunger, Malnutrition, Famine, Food Shortages, and Mortality
Worldwide 875, 1479, 2366, 2405

Important Documents #1–The Very Most Important 3, 4, 5, 6, 7, 9,
10, 14, 16, 17, 28, 30, 31, 38, 41, 43, 44, 49, 51, 53, 54, 56, 58, 60,
62, 68, 69, 75, 81, 83, 84, 89, 93, 95, 98, 99, 100, 101, 102, 104,
105, 106, 108, 109, 110, 114, 118, 119, 120, 121, 126, 134, 136,
139, 142, 146, 147, 150, 155, 156, 157, 166, 171, 173, 174, 175,
183, 185, 190, 191, 197, 202, 204, 216, 223, 243, 244, 245, 256,
259, 266, 268, 269, 270, 279, 285, 289, 290, 291, 292, 294, 299,
302, 310, 312, 313, 315, 317, 320, 323, 324, 329, 336, 337, 338,
382, 385, 392, 394, 406, 409, 421, 422, 458, 482, 489, 572, 573,
601, 617, 622, 623, 630, 638, 645, 693, 723, 724, 772, 784, 788,
791, 822, 826, 877, 879, 913, 937, 939, 944, 968, 978, 1085, 1086,
1091, 1113, 1227, 1346, 1449, 1453, 1479, 1490, 1590, 1709, 1723,
1746, 1764, 1800, 1812, 1822, 1853, 1885, 1930, 1942, 1982, 1983,
1985, 1987, 1988, 1990, 1991, 2023, 2054, 2081, 2110, 2119, 2206,
2237, 2250, 2251, 2263, 2319, 2410, 2432, 2471, 2499, 2545, 2549,
2550, 2554, 2555, 2557, 2558, 2562, 2582, 2586, 2592, 2604, 2651,
2662, 2665, 2668, 2671, 2691, 2694, 2748, 2781, 2841, 2842, 2843,
2844

HVP type soy sauce. See Soy Sauce, HVP Type (Non-Fermented or
Semi-Fermented)
Hyacinth Bean. Lablab purpureus (L.) Sweet; formerly Dolichos
lablab. Also Called Bonavist Bean, Egyptian Kidney Bean,
Egyptian Lentil. In South and Southeast Asia Called Lablab Bean.
Chinese–Biandou (W.-G. Pien Tou) 80, 108, 122, 131, 211, 317,
326, 337, 432, 2660
Hydraulic presses. See Soybean Crushing–Equipment–Hydraulic
Presses
Hydrogenation. See Margarine, Shortening, Trans Fatty Acids,
Vanaspati, also Margarine and Shortening
Hydrogenation–General, Early History, and the Process. Soy is Not
Mentioned 2616
Hydrogenation of Soybean Oil, Soy Fatty Acids, or Soy Lecithin
1487, 1983
Hymowitz, Theodore (Soybean Historian and Prof. of Plant
Breeding, Univ. of Illinois) 1786, 1790
Ice cream, soy. See Soy Ice Cream

Important Documents #2–The Next Most Important 32, 42, 76, 112,
113, 152, 159, 177, 179, 180, 186, 193, 198, 208, 230, 251, 314,
366, 414, 432, 485, 496, 558, 569, 596, 614, 618, 621, 637, 646,
647, 668, 673, 695, 708, 720, 722, 735, 841, 865, 941, 957, 1384,
1394, 1497, 1600, 1614, 1739, 1808, 2029, 2096, 2134, 2167, 2252,
2253, 2273, 2297, 2320, 2361, 2415, 2451, 2540, 2593, 2607, 2683,
2684, 2686, 2700, 2764
Imports. See Trade of Soybeans, Oil & Meal, or see Individual
Soyfoods Imported

Identity Preserved / Preservation 2814
India. See Asia, South–India
IITA (Nigeria). See International Institute of Tropical Agriculture
(IITA) (Ibadan, Nigeria)
Illinois. See United States–States–Illinois
Illinois, University of (Urbana-Champaign, Illinois). Soyfoods
Research & Development 978, 1013, 1322, 2069, 2644, 2850, 2851,
2891, 2902

Indian Agricultural Research Institute. See Asia, South–India. Work
of the Indian Agricultural Research Institute (IARI, New Delhi)
with Soyabeans in India
Indian Council of Agricultural Research (ICAR). See Asia, South–
India. Work of the Indian Council of Agricultural Research (ICAR)
Indiana. See United States–States–Indiana

Illumination or Lighting by Burning Soy Oil in Wicked Oil Lamps
Like Kerosene–Industrial Uses of Soy Oil as a Non-Drying Oil 109,

Indonesia. See Asia, Southeast–Indonesia
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2366
Indonesian-style fermented soybean paste. See Tauco–IndonesianStyle Fermented Soybean Paste
Indonesian-style soy sauce. See Soy Sauce, Indonesian Style or
from the Dutch East Indies (Kecap, Kécap, Kechap, Ketjap, Kétjap)
Ketchup / Catsup
Industrial uses of soy oil. See Fatty Acids for Non-Drying or Drying
Applications (As in Hot-Melt Glues or the Curing Component of
Epoxy Glues)
Industrial uses of soy oil as a drying oil. See Adhesives, Asphalt
Preservation Agents, Caulking Compounds, Artificial Leather, and
Other Minor or General Uses, Ink for Printing, Paints, Varnishes,
Enamels, Lacquers, and Other Protective / Decorative Coatings,
Rubber Substitutes or Artificial / Synthetic Rubber (Factice)
Industrial uses of soy oil as a non-drying oil. See Dust Suppressants
and Dust Control, Lubricants, Lubricating Agents, and Axle Grease
for Carts
Industrial Uses of Soy Oil (General) 529, 675, 735, 737, 841, 1337,
1983
Industrial uses of soy proteins. See Fibers (Artificial Wool or
Textiles Made from Spun Soy Protein Fibers, Including Azlon,
Soylon, and Soy Silk / Soysilk), Foams for Fighting Fires, Paints
(Especially Water-Based Latex Paints), Paper Coatings or Sizings,
or Textile Sizing, Plastics (Including Molded Plastic Parts, Plastic
Film, Disposable Eating Utensils and Tableware–From Spoons to
Plates, and Packaging Materials)
Industrial Uses of Soy Proteins–General and Minor Uses–Galalith,
Sojalith, Celluloid, Cosmetics (Lotions and Soaps), Rubber
Substitutes, Insecticides, etc. See also Culture Media as for
Antibiotics Industry 484, 529, 735, 737, 841, 881, 882, 1676
Industrial uses of soy proteins (including soy flour). See Adhesives
or Glues for Plywood, Other Woods, Wallpaper, or Building
Materials
Industrial uses of soybeans. See Chemurgy, the Farm Chemurgic
Movement, and the Farm Chemurgic Council (USA, 1930s to
1950s) Including, Soybean Meal / Cake, Fiber (as from Okara), or
Shoyu Presscake as a Fertilizer or Manure for the Soil
Industrial Uses of Soybeans (General Non-Food, Non-Feed) 485,
555, 622, 672, 746, 791, 817, 875, 1255, 1590
Industrial Uses of Soybeans (Non-Food, Non-Feed)–Industry and
Market Statistics, Trends, and Analyses–By Geographical Region
320, 944
Infant Foods and Infant Feeding, Soy-based. See Also Infant
Formulas, Soy-based 477, 491
Infant Formula / Formulas, Soy-based, Including Effects on Infant
Health (Alternatives to Milk. Usually Fortified and Regulated.
Since 1963 Usually Made from Soy Protein Isolates) 310, 875,

Infants or Recently-Weaned Children Fed (or Not Fed) Soymilk in
China or Chinese Cultures 477
Information. See Computer Software and Modeling / Simulation
Related to Soya, Computers (General) and Computer Hardware
Related to Soybean Production and Marketing. See also: Computer
Software, Libraries with a Significant Interest in Soy, Library
Science and Services Related to Soy, Reference Books and Other
Reference Resources
Information, computerized. See Computerized Databases and
Information Services, and Websites, Websites or Information on the
World Wide Web or Internet
Ink for Printing–Industrial Uses of Soy Oil as a Drying Oil 320,
360, 2582
Inoculum / inocula of nitrogen fixing bacteria for soybeans. See
Nitrogen Fixing Cultures
Insects–Pest Control. See also: Integrated Pest Management 91,
120, 123, 124, 139, 184, 225, 245, 249, 250, 252, 259, 260, 268,
301, 323, 333, 334, 337, 338, 370, 376, 406, 418, 419, 420, 421,
589, 617, 618, 646, 647, 723, 735, 797, 805, 807, 877, 899, 937,
941, 1016, 1287, 1339, 1345, 1443, 1558, 1559, 1573, 1600, 1621,
1627, 1679, 1725, 1739, 1763, 1810, 1811, 1853, 1881, 1937, 1939,
1944, 1965, 1973, 1983, 1985, 2009, 2035, 2066, 2067, 2111, 2115,
2117, 2119, 2134, 2178, 2229, 2237, 2251, 2254, 2262, 2271, 2273,
2274, 2297, 2298, 2301, 2305, 2334, 2340, 2341, 2392, 2398, 2400,
2410, 2413, 2424, 2438, 2486, 2488, 2495, 2513, 2536, 2539, 2540,
2548, 2566, 2569, 2598, 2601, 2603, 2604, 2607, 2610, 2616, 2629,
2630, 2636, 2660, 2678, 2681, 2695, 2702, 2709, 2710, 2720, 2722,
2731, 2738, 2750, 2756, 2764, 2778, 2836, 2851, 2891, 2906, 2919,
2971, 2985
Institut de Recherches Agronomiques Tropicales (IRAT–Tropical
Institute of Agronomic Research) 1858, 2054, 2077, 2327, 2386,
2451, 2504
Integrated Pest Management (IPM) and Biological Control 1286,
2410, 2539, 2569, 2603, 2610, 2627, 2720, 2764
Intercropping–use of soybeans in. See Cropping Systems:
Intercropping, Interplanting, or Mixed Cropping
International Institute of Agriculture (IIA) (Rome) 601, 617, 646
International Institute of Tropical Agriculture (IITA) (Ibadan,
Nigeria) 1971, 1972, 1973, 2066, 2067, 2110, 2237, 2267, 2300,
2311, 2328, 2371, 2392, 2540, 2566, 2726, 2833, 2847, 2932
International soybean programs. See AVRDC–The World Vegetable
Center (Shanhua, Taiwan), INTSOY–International Soybean
Program (Univ. of Illinois, Urbana, Illinois), International Institute
of Agriculture (IIA) (Rome), International Institute of Tropical
Agriculture (IITA) (Ibadan, Nigeria), United Nations (Including
UNICEF, FAO, UNDP, UNESCO, and UNRRA) Work with Soy,
Institut de Recherches Agronomiques Tropicales (IRAT–Tropical
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Institute of Agronomic
Internet. See Websites or Information on the World Wide Web
Intestinal Flora / Bacteria and Toxemia–Incl. Changing and
Reforming (L. Acidophilus, Bifidus, L. Bulgaricus etc.) 2424
Introduction of foreign plants to the USA. See United States
Department of Agriculture (USDA)–Section of Foreign Seed and
Plant Introduction
INTSOY–International Soybean Program (Univ. of Illinois, Urbana,
Illinois). Founded July 1973. Initially (from 1971) named Program
for International Research, Improvement and Development of
Soybeans (PIRIDS) 2009, 2048, 2069, 2086, 2087, 2119, 2164,
2227, 2231, 2237, 2280, 2286, 2301, 2562, 2566, 2567, 2592, 2617,
2768

Hartz, Sr. (1888-1963) in 1942. Continued by Jake Hartz, Jr.
(1920- ). Acquired by Monsanto in April 1983. Headquarters at Des
Moines, Iowa, since Jan. 1998 1487, 1555, 2567, 2694, 2715, 2716,
2717, 2751, 2756
James J.H. Gregory (Marblehead, Massachusetts) 268
Japan. See Asia, East–Japan
Japan–Shokuhin Sogo Kenkyujo. See National Food Research
Institute (NFRI) (Tsukuba, Ibaraki-ken, Japan)
Japanese Overseas, Especially Work with Soy or Macrobiotics 610,
723, 2081, 2545, 2663
Japanese Soybean Types and Varieties–Early, with Names 99, 106,
118, 142, 155, 166, 171, 174, 183, 197, 211, 214, 268, 325, 394,
406, 735, 1346, 2592

Iodine number. See Soy Oil Constants–Iodine Number

Iowa State University / College (Ames, Iowa), and Univ. of Iowa
(Iowa City) 2716

Jiang–Chinese-Style Fermented Soybean Paste / Miso (Soybean
Jiang {doujiang} or Chiang / Tou Chiang [Wade-Giles]). Includes
Tuong from Indochina, Tao-Tjiung and Tao-Tjiong from Indonesia
2, 3, 4, 5, 6, 109, 112, 208, 217, 323, 329, 334, 370, 459, 491, 617,
621, 643, 886, 1811

IRAT. See Institut de Recherches Agronomiques Tropicales (IRAT)

J.M. Thorburn & Co. (New York City, New York) 2592

Iron Availability, Absorption, and Content of Soybean Foods and
Feeds 184, 510, 531, 534, 747, 753, 978, 994, 1080, 1198, 1216,
1251, 1261, 1280, 1326, 1327, 1379, 1431, 1536, 1537, 1562, 1609,
1684, 1859, 2412, 2970

Job’s Tears (Coix lachryma-jobi; formerly Coix lacryma). Called
Hatomugi or Hato Mugi in Japanese, and Adlay in South Asia.
Sometimes mistakenly called “Pearl Barley” (Since it is unrelated
to Barley) 33, 97, 104, 108, 109, 112, 159, 164, 183, 407

Irradiation of Soybeans for Breeding and Variety Development
(Usually Gamma Irradiation to Cause Mutations) 626, 1558, 1850,
1876, 2035, 2477, 2512

John E. Wannamaker (St. Matthews, South Carolina) 1453, 1460,
2335

Iowa. See United States–States–Iowa

Isoflavone or Phytoestrogen Content of Soyfoods, Soy-based
Products, Soy Ingredients, and Soybean Varieties (Esp. Genistein,
Daidzein, and Glycitein) 2733
Isoflavones in soybeans and soyfoods. See Estrogens, Incl.
Genistein, Daidzein, etc.

Johnson Family of Stryker, Williams County, Ohio. Including (1)
Edward Franklin “E.F. Soybean” Johnson (1889-1961) of Johnson
Seed Farms (Stryker, Ohio), Delphos Grain and Soya Processing
Co. (Ohio), and Ralston Purina Company (Missouri); (2) Elmer
Solomon Johnson (1879-1920); (3) Perhaps E.C. Johnson and Hon.
Solomon Johnson (1850-1918) 2336
Johnson & Stokes (Philadelphia, Pennsylvania) 268

Isolated soy proteins. See Soy Proteins–Isolates
Israel. See Asia, Middle East–Israel and Judaism
Ito San soybean variety. See Soybean Varieties USA–Ito San
Ivory Coast. See Africa–Côte d’Ivoire
Jack Bean. Canavalia ensiformis (L.) D.C. Also Called Sword Bean
(Erroneously; it is Canavalia gladiata) and Horse Bean (Rarely).
Chinese–Daodou (pinyin); formerly Tao-tou (Wade-Giles) 58, 211,
337, 628
Jackson, James Caleb (1811-1881). American Health Reformer and
Vegetarian (New York) 2545
Jacob Hartz Seed Co. (Stuttgart, Arkansas). Founded by Jacob

Kaempfer, Engelbert (1651-1716)–German physician and traveler
9, 16, 18, 19, 24, 25, 28, 30, 31, 33, 35, 36, 38, 39, 41, 43, 45, 49,
51, 75, 142, 158, 160, 163, 174, 179, 186, 291, 292, 298, 313, 314,
406, 688, 1812, 2651
Kecap, Kechap, Ketjap, Ketchup. See Soy Sauce, Indonesian Style
or from the Dutch East Indies (Kecap, Kécap, Kechap, Ketjap,
Kétjap)
Kefir, soy. See Soymilk, Fermented–Soy Kefir
Kellogg Co. (breakfast cereals; Battle Creek, Michigan). See
Kellogg, Will Keith,... Kellogg Company
Kellogg, John Harvey (M.D.) (1852-1943), Sanitas Food Co.,
Sanitas Nut Food Co., Battle Creek Sanitarium Health Food Co.,
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and Battle Creek Food Co. (Battle Creek, Michigan). Battle Creek
Foods Was Acquired by Worthington Foods in 1960 901, 2336
Kellogg, Will Keith (1860-1951), Kellogg’s Toasted Corn Flake Co.
Later Kellogg Company (of breakfast cereal fame; Battle Creek,
Michigan) 2336
Ketchup, Catsup, Catchup, Ketchop, Ketchap, Katchup, Kitjap, etc.
Word Mentioned in Document 311, 323, 617

Latin America–Caribbean–Antigua and Barbuda (Including
Redonda) 617, 623
Latin America–Caribbean–Bahamas, Commonwealth of The (Also
Called The Bahamas, Bahama Islands, or Bahama) 623
Latin America–Caribbean–Barbados 617
Latin America–Caribbean–Bermuda (A British Dependent
Territory) 617, 623

Kibun. See Soymilk Companies (Asia)
Kidney / Renal Function 4
Kin, Yamei. See Yamei Kin (1864-1934)

Latin America–Caribbean–British Dependent Territories–Anguilla,
Cayman Islands, British Virgin Islands, Montserrat, Turks and
Caicos Islands. See also: Bermuda 617, 623

Kinako. See Roasted Whole Soy Flour (Kinako–Dark Roasted with
Dry Heat, Full-Fat) and Grits

Latin America–Caribbean–Cuba 290, 349, 406, 617, 1812, 2081,
2423, 2656, 2737

Koji (Cereal Grains {Especially Rice or Barley} and / or Soybeans
Fermented with a Mold, Especially Aspergillus oryzae) or Koji
Starter. Chinese Qu / Pinyin or Ch’ü / Wade-Giles 4, 5, 6, 9, 31, 34,
328, 610, 622, 672, 1709, 2274

Latin America–Caribbean–Dominica 623

Koji, Red Rice. (Also Called Fermented Red Rice, Ang-Kak /
Angkak, Hongzao or Hong Qu / Hongqu in Chinese / Pinyin, Hung
Ch’ü in Chinese / Wade-Giles, or Beni-Koji in Japanese). Made
with the Mold Monascus purpureus Went, and Used as a Natural
Red Coloring Agent (as with Fermented Tofu) 142

Latin America–Caribbean–French Overseas Departments–
Guadeloupe, and Martinique (French West Indies). Guadeloupe
(consisting of two large islands–Basse-Terre and Grande-Terre)
administers 5 smaller dependencies–Marie-Galante, Les Saintes, La
Désirade, St.-Barthélemy, and St. Martin (shared with Netherlands
Antilles) 617, 2704

Koji, Soybean (Soybeans Fermented with a Mold, Especially
Aspergillus oryzae), Such as Miso-dama or Meju 4, 5
Korea. See Asia, East–Korea
Kudzu or Kuzu–Tropical Kudzu or Puero (Pueraria phaseoloides)
(Roxb.) Benth. Formerly Pueraria javanica 326
Kudzu or Kuzu (Pueraria montana var. lobata. Formerly Pueraria
lobata, Pueraria thunbergiana, Pachyrhizus thunbergianus,
Dolichos lobatus). For Rhodesian Kudzu Vine see Neonotonia
wightii. See also Tropical Kudzu or Puero (Pueraria phaseoloides)
9, 33, 59, 61, 65, 74, 99, 100, 104, 105, 109, 112, 113, 143, 155,
159, 167, 183, 185, 191, 211, 242, 254, 303, 325, 337, 367, 407,
419, 426, 459, 468, 614, 1763, 2428, 2623

Latin America–Caribbean–Dominican Republic (Santo Domingo or
San Domingo before 1844) 617

Latin America–Caribbean–Grenada 623
Latin America–Caribbean–Introduction of Soybeans to. Earliest
document seen concerning soybeans in a certain Caribbean country
623
Latin America–Caribbean–Introduction of Soybeans to. Earliest
document seen concerning the cultivation of soybeans in a certain
Caribbean country 623
Latin America–Caribbean–Introduction of Soybeans to. This
document contains the earliest date seen for soybeans in a certain
Caribbean country 623, 2081
Latin America–Caribbean–Introduction of Soybeans to. This
document contains the earliest date seen for the cultivation of
soybeans in a certain Caribbean country 623, 2081

Kuzu. See Kudzu or Kuzu (Pueraria...)
La Choy Food Products, Inc.–LaChoy Brand–Purchased in Sept.
1943 by Beatrice Creamery Co.. 2592
Lablab purpureus or Lablab bean. See Hyacinth Bean
Lager, Mildred (Los Angeles, California) 840
Land-Grant Colleges and Universities, and Their Origin with the
Land Grant Act of 1862 (the so-called Morrill Act) 631, 2336, 2651
Large-seeded soybeans. See Green Vegetable Soybeans–LargeSeeded Vegetable-Type or Edible Soybeans

Latin America–Caribbean–Jamaica 617
Latin America–Caribbean–Lesser Antilles–Virgin Islands
(Including British Virgin Islands and Virgin Islands of the United
States–St. Croix, St. John, and St. Thomas), Leeward Islands
(Anguilla, Antigua and Barbuda [Including Redonda], Dominica,
Guadeloupe, Montserrat, Saint Kitts [formerly Saint Christopher]
and Nevis), Windward Islands (Barbados, Grenada, Martinique, St.
Lucia, St. Vincent and the Grenadines, Trinidad and Tobago), and
Netherlands Dependencies (Including Aruba, Curaçao or Curacao,
and Bonaire off Venezuela, and Saba, St. Eustatius, and southern

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 950
St. Martin / Maarten in the Lesser Antilles). Note–Guadeloupe and
Martinique and the five dependencies of Guadeloupe, which are
French Overseas Departments in the Lesser Antilles, are also called
the French West Indies, French Antilles, or Antilles françaises 521,
617, 623, 695, 1830, 2009, 2704

Latin America–Central America–Introduction of Soybeans to.
This document contains the earliest date seen for the cultivation of
soybeans in a certain Central American country 1590
Latin America–Central America–Mexico 349, 617, 1812, 2129,
2229, 2451, 2781

Latin America–Caribbean or West Indies (General) 144, 211
Latin America–Central America–Panama 1590, 2345
Latin America–Caribbean–Puerto Rico, Commonwealth of (A SelfGoverning Part of the USA; Named Porto Rico until 1932) 290,
617, 868, 1261, 1415, 1854, 2280, 2333, 2677, 2691, 2700

Latin America (General) 735, 1361, 1738, 1812, 2513, 2604

Latin America–Caribbean–Saint Kitts and Nevis, Federation of 623

Latin America–South America–Argentina (Argentine Republic)
406, 617, 1270, 1625, 1812, 2172, 2417, 2451, 2577, 2588, 2595,
2604, 2605, 2756, 2781, 2799, 2868

Latin America–Caribbean–Saint Lucia 623
Latin America–South America–Bolivia 2781
Latin America–Caribbean–Saint Vincent and the Grenadines 623

Latin America–Caribbean–Virgin Islands of the United States–St.
Thomas, St. John, and St. Croix (Danish West Indies before Jan.
1917) 1830

Latin America–South America–Brazil, Federative Republic of 104,
174, 229, 328, 404, 617, 723, 841, 883, 1598, 1627, 1812, 1854,
1902, 1940, 1974, 2167, 2180, 2227, 2271, 2338, 2390, 2417, 2424,
2452, 2508, 2540, 2559, 2577, 2595, 2662, 2682, 2721, 2722, 2723,
2732, 2733, 2748, 2756, 2763, 2803, 2820, 2826, 2853, 2880, 2889,
2927, 2928, 2953, 2969, 3014

Latin America–Central America–Belize (Named British Honduras
from 1840 to about 1975, Belize before 1840) 617

Latin America–South America–Brazil–Soybean Production, Area
and Stocks–Statistics, Trends, and Analyses 1598

Latin America–Central America–Canal Zone including the Panama
Canal (Opened 1914, Owned and Operated by the USA. Returned
to Panama on 31 Dec. 1999) 1812

Latin America–South America–Chile (Including Easter Island) 617,
675, 1072, 2718, 2781

Latin America–Caribbean–Trinidad and Tobago 521, 617, 623, 695

Latin America–Central America–Costa Rica 290, 617, 1812, 1974,
2598
Latin America–Central America–El Salvador 617, 2592
Latin America–Central America (General). Includes Mexico and
Mesoamerica.. 2756
Latin America–Central America–Guatemala 617, 1812, 2301
Latin America–Central America–Honduras 1018, 2699, 2727
Latin America–Central America–Introduction of Soybeans to.
Earliest document seen concerning soybeans in a certain Central
American country 617, 1590
Latin America–Central America–Introduction of Soybeans to.
Earliest document seen concerning soybeans or soyfoods in
connection with (but not yet in) a certain Central American country
290
Latin America–Central America–Introduction of Soybeans to.
Earliest document seen concerning the cultivation of soybeans in a
certain Central American country 617, 1590

Latin America–South America–Colombia 617, 1011, 1812, 1932,
1971, 2006
Latin America–South America–Ecuador (Including the Galapagos
Islands. Formerly also called Equator, the English translation of the
Spanish “Ecuador”) 617, 2286
Latin America–South America–French Guiana (A French Overseas
Department, Guyane or Guyane française, formerly occasionally
called Cayenne) 318
Latin America–South America (General) 144, 157, 185, 191, 861,
1830, 1878, 2319, 2330, 2751
Latin America–South America–Guyana (British Guiana before
1966) 406, 617, 623
Latin America–South America–Introduction of Soybeans to. This
document contains the earliest date seen for soybeans in a certain
South American country 623, 1812, 2781
Latin America–South America–Introduction of Soybeans to. This
document contains the earliest date seen for the cultivation of
soybeans in a certain South American country 623, 1812, 2781
Latin America–South America–Paraguay 2420

Latin America–Central America–Introduction of Soybeans to. This
document contains the earliest date seen for soybeans in a certain
Central American country 1590

Latin America–South America–Peru 617, 1072, 1812, 2781
Latin America–South America–Suriname (Also Surinam before
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1978; Dutch Guiana before 1975) 104, 617, 877, 1542

Products. See also Omega-3 Fatty Acids 800, 1152, 1337, 1462,
1789, 1847, 2321, 2687, 2768, 2822

Latin America–South America–Uruguay, Oriental Republic of 617
Latin America–South America–Venezuela 623, 722, 2397
Lauhoff Grain Co. See Bunge Corp. (White Plains, New York)
Lauhoff Grain Co. (Danville, Illinois). Affiliate of Bunge Corp.
since June 1979 1487
Lea & Perrins. See Worcestershire Sauce
Leaves of the soybean plant used as food. See Green Vegetable
Soybeans–Leaves of the Soybean Plant Used as Food or Medicine
Lecithin–Etymology of This Term and Its Cognates / Relatives in
Various Languages 569, 675
Lecithin, Soy 384, 406, 481, 491, 506, 529, 569, 581, 613, 617,
675, 693, 735, 826, 847, 875, 882, 886, 972, 973, 978, 1487, 1600,
1983, 2024, 2088, 2094, 2582, 2598, 2616, 2702, 2759

Linoleum, Floor Coverings, Oilcloth, and Waterproof Goods–
Industrial Uses of Soy Oil as a Drying Oil 329, 360, 617, 2582
Linseed Oil, Linseed Cake / Meal, Lintseed, or the Flax / Flaxseed
Plant (Linum usitatissimum L.) 104, 164, 188, 214, 216, 240, 245,
249, 251, 252, 259, 320, 450, 631, 689, 690, 1001, 1125, 1216,
1275, 1280, 1336, 2759
Lipid and Fatty Acid Composition of Soybeans (Seeds or Plant),
or Soybean Products (Including Soy Oil), and Lipids in the Human
Diet 119, 120, 130, 142, 188, 226, 240, 256, 295, 317, 328, 385,
511, 568, 581, 631, 749, 772, 944, 947, 1103, 1475, 1900, 1941,
1977, 2017, 2366, 2558, 2799
Lipids. See Linolenic Acid and Linolenate
Lipids–Effects of Dietary Lipids (Especially Soy Oil and Lecithin)
on Blood Lipids (Especially Cholesterol) 2366

Lectins. See Hemagglutinins (Lectins or Soyin)

Lipolytic enzymes in the soybean. See Enzymes in the Soybean–
Lipoxygenase and Its Inactivation

Lend-Lease (Program and Administration). U.S. Program to Send
Key Supplies to Overseas Allies During World War II 746

Lipoxygenase. See Enzymes in the Soybean–Lipoxygenase and Its
Inactivation

Lens culinaris or L. esculenta. See Lentils

Lists and Descriptions (Official and / or Extensive) of Early U.S.
Soybean Varieties with Their P.I. Numbers and Synonyms 313, 406,
601, 937, 941, 1346, 1847, 2079, 2164, 2562, 2592, 2683, 2684,
2691, 2700, 2752

Lentils. Lens culinaris. Formerly: Lens esculenta and Ervum lens 9,
17, 31, 34, 131, 144, 156, 187, 211, 1212, 1889, 2129, 2660
Lever Brothers Co. See Unilever Corp.
Leviton, Richard. See Soyfoods Association of North America
(SANA)
Li Yü-ying (Li Yu-ying; Courtesy Name: Li Shizeng (pinyin), Li
Shih-tseng (W.-G.); Chinese Soyfoods Pioneer in France; born
1881 in Peking, died 1973 in Taipei, Taiwan) and Usine de la
Caséo-Sojaïne (Les Vallées, Colombes (near Asnières), a few miles
northwest of Paris, and China) 312, 317, 318, 323, 366, 406, 413,
484, 555, 617, 693, 735, 875, 1016, 1234, 2914
Libraries. See National Agricultural Library (NAL, Beltsville,
Maryland)
Libraries with a Significant Interest in Soy 2262, 2415, 2630, 2650

Los Angeles–City and County–Work with Soyfoods, Natural /
Health Foods, and / or Vegetarianism 1328, 1397, 1432, 1435,
1448, 1537, 1577, 1587, 1619, 1629, 1655, 1660, 1688, 1808, 2184,
2580
Lubricants, Lubricating Agents, and Axle Grease for Carts–
Industrial Uses of Soy Oil as a Non-Drying Oil 310, 329, 360, 491
Lucerne / lucern. See Alfalfa or Lucerne
Lupins or Lupin (Also spelled Lupine, Lupines, Lupinseed; Lupinus
albus, L. angustifolius, L. luteus, L. mutabilis) 9, 15, 19, 65, 81,
100, 104, 122, 131, 164, 170, 174, 179, 186, 187, 188, 194, 244,
314, 320, 337, 347, 468, 631, 1043, 1561, 1735
Macao / Macau. See Asia, East–Macao / Macau (Portuguese
Colony)

Library Science and Services Related to Soy 2630

Lima Bean or Limas. Phaseolus limensis. Formerly: Phaseolus
lunatus. Also called Butter Bean 58, 144, 344, 345, 424, 432, 776,
2660, 2781

Machinery (Agricultural), Implements, Equipment, and
Mechanization (Binders, Cultivators, Cutters, Harvesters, Mowers,
Pickers, Planters, Reapers, Separators, Thrashers, or Threshers).
See also: Combines and Tractors 199, 216, 231, 233, 247, 259, 261,
262, 267, 268, 284, 294, 306, 307, 313, 323, 429, 457, 622, 649,
901, 1299, 1479, 1492, 1532, 1598, 1693, 1694, 1823, 2000, 2335,
2362, 2671, 2771

Linolenic Acid and Linolenate Content of Soybeans and Soybean

Machinery, farm. See Combines

Lighting by burning soy oil. See Illumination or Lighting by
Burning Soy Oil in Wicked Oil Lamps Like Kerosene
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Macrobiotics. See also: George Ohsawa, Michio and Aveline Kushi,
Herman and Cornellia Aihara 656, 2698

Meat Alternatives–Meatless Bacon, Bacon Bits, Ham, Chorizo, and
Other Pork-related Products. See also Meatless Sausages 2096

Maize. See Corn / Maize

Meat Alternatives–Meatless Sausages (Including Frankfurters, Hot
Dogs, Wieners, Salami, Pepperoni, Breakfast Pork Sausage, etc.).
See Also Meat Extenders 323

Malnutrition, hunger, famine, and food shortages. See Hunger,
Malnutrition, Famine, Food Shortages, and Mortality
Mammoth Yellow soybean variety. See Soybean Varieties USA–
Mammoth Yellow
Manchu soybean variety. See Soybean Varieties USA–Manchu

Meat Alternatives or Substitutes, Meatless or Meatlike Products–
Etymology of This Term and Its Cognates / Relatives in Various
Languages 2096
Meat Products Extended with Soy Protein, or Meat Extenders
(Marketed as Such) 147, 491, 675, 2639

Manchuria. See Asia, East–Manchuria
Map / Maps 95, 102, 185, 268, 298, 323, 645, 735, 740, 845, 856,
878, 920, 937, 1072, 1346, 1616, 1710, 2229, 2257, 2319, 2428,
2451, 2522, 2756, 2781, 2792

Media, Popular Articles on Soyfoods in the USA, Canada, or
Related to North Americans in Asia 2096
Medical aspects of soybeans. See Diabetes and Diabetic Diets,
Kidney / Renal Function

Margarine 123, 353, 354, 406, 617, 1487, 2069, 2616, 2702
Margarine Made with Soy 484, 690, 881, 2267, 2286, 2748, 2759

Medical aspects of vegetarian diets. See Vegetarian Diets–Medical
Aspects

Market statistics. See the specific product concerned, e.g. Tofu
Industry and Market Statistics

Medical / Medicinal-Therapeutic Uses / Effects / Aspects (General)
18, 28, 49, 71, 526, 2366

Market statistics on soybean production. See Soybean Production
and Trade–Industry and Market Statistics,

Medicine–Alternative–Incl. Acupuncture, Chiropractic, Drugless
Doctors, Herbal Therapy, Holistic / Wholistic Medicine,
Homeopathy, Natural Hygiene, Natural Medicine, Naturopathy,
Preventive / Preventative Medicine, 298, 2677

Marketing soybeans. See Chicago Board of Trade
Marketing Soybeans, Market Development, and Economics
(Including Futures Markets, Hedging, and Mathematical Models)
735, 972, 1925, 1942, 1983, 2065, 2167, 2180, 2228, 2269, 2569,
2577, 2610, 2715, 2716, 2756

Medicine, Chinese Traditional. See Chinese Medicine

Marketing–Soyfoods and Soy Products 2694

Meharry, Charles Leo (1885-1937), the A.P. Meharry Farms (One
Near Tolono, Champaign County, Illinois, and Three in Indiana),
and William E. Riegel, Meharry Farm Manager and Independent
Soybean Grower in Tolono, Illinois 1749

Marusan-Ai. See Soymilk Companies (Asia)

Mental Health (Including Depression) 2366

Massachusetts. See United States–States–Massachusetts

Mesoamerica. See Latin America–Central America

Maturity groups. See Soybean–Physiology and Biochemistry–
Maturity Groups
Mauritius. See Africa–Mauritius (Ile Maurice)

Messina, Mark (PhD) and Virginia (MPH, RD) (Nutrition Matters,
Inc., Port Townsend, Washington state; moved to Pittsfield,
Massachusetts in early 2016). Mark is one of the world’s leading
experts on soy nutrition 2668

Meal or cake, soybean. See Soybean Meal

Mexico. See Latin America, Central America–Mexico

Meals for Millions Foundation (Los Angeles, California), MultiPurpose Food (MPF), and Freedom from Hunger 1942, 2228

Mexico and Central America, soyfoods movement in. See Soyfoods
Movement in Mexico and Central America

Meat Alternatives–Beef Alternatives, Including Meatless Beef
Jerky, Chili Con Carne, Goulash, Lasagna, Meat Balls, Mince,
Mincemeat, Sloppy Joes, Spaghetti Sauce, Steak, Veal, etc. See also
Meatless Burgers 776

Meyer, Frank N. (1875-1918). USDA Plant Explorer in Asia 310,
349, 901, 2459, 2562

Meat Alternatives–Documents About (Meatlike Meatless Meat,
Poultry, or Fish / Seafood Analogs. See Also Meat Extenders) 2582

Microbiology and fermentation. See Fermented Soyfoods and Their
Fermentation

Michigan. See United States–States–Michigan
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Missouri. See United States–States–Missouri
Microscopic analysis and microscopy. See Soybean–Morphology,
Structure, and Anatomy of the Plant and Its Seeds as Determined by
Microscopy or Microscopic Examination

Mitsui & Co., Ltd. (Mitsui Bussan Kaisha, Japanese Trading Co.,
founded 1876) 646, 2717

MicroSoy Corporation (Jefferson, Iowa; Osaka, Japan). Formerly
Nichii Co. and MYCAL Corp.. 2717

Moisture tolerance in soybeans. See Soybean–Physiology–Moisture
Tolerance

Middle America. See Latin America–Central America; and Latin
America–Caribbean or West Indies, Latin America, Central
America, and Latin America, Caribbean or West Indies

Molasses, soy. See Soy Molasses or Soy Solubles

Miles Laboratories. See Worthington Foods, Inc. (Worthington,
Ohio)

Monosodium glutamate. See MSG

Milk, coconut / cocoanut. See Coconut Milk and Cream
Milk, Non-Dairy, Non-Soy Milks and Creams Made from Nuts,
Grains, Seeds, or Legumes, Such as Brazil Nuts, Cashews,
Coconuts, Filberts, Hazelnuts, Hemp Seeds, Pecans, Pine Nuts,
Pumpkin Seeds, Sunflower Seeds, Walnuts, etc. See also: Almond
Milk, Amazake / Rice Milk, Peanut / Groundnut Milk, Sesame Milk
2759

Moldavia. See Europe, Eastern–Moldova

Monsanto Co. (St. Louis, Missouri) and its HybriTech Seed
International subsidiary. Acquired Jacob Hartz Seed Co. in April
1983. Acquired Asgrow in Feb. 1997. Merged with Pharmacia &
Upjohn on 31 March 2000 and was renamed Pharmacia Corp 1823,
1954, 1955, 2055, 2493, 2501, 2509, 2510, 2567, 2639, 2694, 2715,
2716, 2717, 2751, 2760, 2761, 2772, 2814, 2834, 2835, 2880, 2886,
2889, 2896, 2901, 2919, 2947, 2959, 2962, 2967, 3007, 3008
Moorman Manufacturing Co. See Quincy Soybean Products Co.
(Quincy, Illinois)

Milk, rice. See Rice Milk (Non-Dairy)
Morphology, soybean. See Soybean–Morphology, Structure,
Anatomy, Soybean–Morphology, Structure, and Anatomy

Milk, soy. See Soymilk
Minerals. See Calcium Availability, Absorption, and Content of Soy
Minerals (General) 323, 406, 978, 1221, 1774, 1942, 2144, 2228,
2366
Minnesota. See United States–States–Minnesota
Miso–Etymology of This Term and Its Cognates / Relatives in
Various Languages 9, 31, 34
Miso–Indonesian-style. See Tauco–Indonesian-Style Fermented
Soybean Paste
Miso Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2547, 2630, 2694
Miso (Japanese-style Soybean Paste). See also: Jiang–for Chinesestyle Miso. Jang–for Korean-style Miso. And Taucho, Tauceo, Tau
Chiow, Taoco, Tao-Tjo, Taotjo, Taocho, or Taoetjo for Indonesianstyle Miso (Soybean Chiang, or Jiang [pinyin]) 9, 12, 31, 34, 36,
51, 67, 73, 104, 106, 116, 133, 136, 142, 155, 156, 158, 163, 166,
171, 172, 183, 184, 209, 222, 223, 243, 253, 304, 310, 313, 317,
320, 327, 328, 329, 353, 354, 363, 384, 406, 407, 468, 496, 529,
610, 617, 622, 646, 672, 693, 699, 710, 723, 841, 939, 1014, 1450,
1453, 1709, 1942, 2083, 2228, 2267, 2274, 2286, 2433, 2547, 2601,
2616, 2630, 2699, 2702, 2727, 2759, 2800, 2898, 2976
Miso Soup–Mainly Japanese 51, 67, 73
Miso, soybean–Chinese-Style. See Jiang–Chinese-Style Fermented
Soybean Paste

Morrill Act. See Land-Grant Colleges and Universities, and Their
Origin with the Land
Morse, William Joseph (1884-1959, USDA Soybean Expert) 313,
314, 315, 330, 336, 379, 399, 406, 409, 482, 529, 561, 601, 649,
882, 891, 894, 901, 937, 941, 1016, 1627, 1712, 1763, 1939, 1944,
1983, 1985, 2035, 2069, 2110, 2116, 2133, 2164, 2250, 2251, 2335,
2336, 2348, 2410, 2430, 2436, 2459, 2562, 2651, 2787, 2908, 2937
Morse, W.J., on expedition to East Asia. See Tofu Dorsett-Morse
Expedition to East Asia (1929-1931)
Motion Pictures or References to Motion Pictures. Also called
Movies, Films, or Documentaries 2459
Mottled, speckled, or spotted soybeans. See Soybean Seeds–
Mottled
Movies or films. See Motion Pictures
MSG (Monosodium Glutamate, the Sodium Salt of Glutamic Acid)
2582
Mucuna pruriens. See Velvet Bean
Mung Bean / Mungbean and Mung Bean Sprouts. Vigna radiata
L. Formerly Phaseolus aureus. Also called Green Gram. Chinese
(Mandarin)–Lüdou. Chinese (Cantonese)–Dau Ngah / Dow Ngaah.
Japanese–Moyashi. Indonesian: Kacang / katjang + hijau / ijo /
hidjau. German–Buschbohne. French–Haricot Mungo 4, 5, 10, 19,
76, 77, 211, 230, 335, 336, 337, 407, 826, 876, 1013, 1542, 1811,
2096, 2128, 2250, 2251, 2262, 2398, 2536, 2586, 2660
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Mycorrhiza. See Soybean–Physiology–Mycorrhiza / Mycorrhizal
Relations
Myths of soybean history–debunking / dispelling. See History of the
Soybean–Myths and Early Errors Concerning Its History
National Agricultural Library (USDA, Beltsville, Maryland) 1555,
2486, 2543, 2677, 2769
National Agricultural Library (USDA, NAL, Beltsville, Maryland)
2486, 2543, 2677, 2769

Techniques, such as Near Infrared Reflectance (NIR) Anlysis and
Spectrophotometry
Nematodes–Disease Control (Nematodes). Early Called Eelworms
/ Eel-Worms or Gallworms / Gall-Worms that Caused Root-Knot
or Root-Gall 313, 337, 338, 406, 421, 458, 1188, 1343, 1608, 1627,
1689, 1720, 1726, 1729, 1753, 1755, 1763, 1822, 1830, 1843, 1884,
1939, 1954, 1955, 1956, 1964, 1973, 1983, 1985, 2049, 2069, 2178,
2249, 2251, 2277, 2278, 2301, 2353, 2361, 2362, 2372, 2392, 2400,
2410, 2430, 2433, 2436, 2454, 2459, 2486, 2513, 2536, 2594, 2603,
2604, 2610, 2616, 2637, 2692, 2702, 2725, 2762, 2778, 2847, 2880,
2907, 2942

National Center for Agricultural Utilization Research (NCAUR)
(USDA-ARS) (Peoria, Illinois). Named Northern Regional
Research Laboratory prior to July 1976. Named Northern Regional
Research Center prior to 28 Dec. 1991 845, 847, 880, 881, 882,
944, 1255, 1384, 1453, 1487, 1602, 1606, 1712, 1942, 1954, 1961,
2183, 2228, 2274, 2363, 2410, 2436, 2609, 2645

Neonotonia wightii (Also called Rhodesian Kudzu Vine, Perennial
Soybean, or Soja perene / Soya Perenne; Formerly Glycine javanica
or Glycine wightii) 32, 42, 51, 58, 70, 76, 90, 100, 103, 185, 191,
220, 230, 276, 319, 326, 623, 1888, 2110, 2177, 2628

National Food Research Institute (NFRI) (Tsukuba, Ibaraki-ken,
Japan) 2800

Netherlands. See Europe, Western–Netherlands

National Oilseed Processors Assoc. (NOPA) (National Soybean
Oil Manufacturers Association from May 1930 to 1935; National
Soybean Processors Assoc. (NSPA) from June 1936 to July 1989.
Washington, DC. Including Soy Flour Assoc. [1936-1949], Soya
Food Research Council [1936+], and Soybean Nutritional Research
Council [1937+]) 662, 924, 1487, 2252, 2436

Nestlé (Nestle–The World’s Biggest Food Group) 646

New Caledonia (French Territory of). See Oceania–Pacific Ocean
Islands that are Part of France–Territory of New Caledonia and
Dependencies
New England Soy Dairy. See Tomsun Foods, Inc.
New York. See United States–States–New York

National Soybean Crop Improvement Council. Organized March
1948 929, 1006, 1532, 1580, 1584, 1713, 1753, 1955, 2069

New York State Agric. Experiment Station (Geneva, NY). See
Cornell University (Ithaca, New York)

National Soybean Research Laboratory (NSRL, University of
Illinois, Urbana, Illinois) 2778, 2786

New Zealand. See Oceania–New Zealand
Nichii Company. See Whole Dry Soybean Flakes

Natto, Hamana. See Hamanatto Fermented Black Soybeans–from
Japan
Natto Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2547, 2694
Natto Production–How to Make Natto on a Commercial Scale 223
Natto (Whole Soybeans Fermented with Bacillus natto) 223, 243,
303, 310, 320, 323, 406, 491, 496, 529, 621, 622, 646, 693, 1450,
1942, 2228, 2316, 2433, 2547, 2567, 2601, 2616, 2630, 2663, 2694,
2699, 2700, 2702, 2716, 2717, 2727, 2751, 2756, 2759, 2783, 2800,
2901, 2984
Natural Foods Distributors and Master Distributors (USA). See
Eden Foods, Inc. (Clinton, Michigan). Founded 4 Nov. 1969
Natural Foods Movement and Industry in the United States (Started
in the Mid-1950s) 2267, 2630
Near East. See Asia, Middle East
Near Infrared Reflectance (NIR) or Transmittance (NIT) Analysis.
See Seed, Food or Feed Composition–High-Speed Measurement

Nigeria. See Africa–Nigeria
Nisshin Oil Mills, Ltd. (Tokyo, Japan) 2814
Nitragin Inoculant and The Nitragin Company 244, 283, 284, 289,
290, 296, 483, 1717, 1954, 2627, 2792
Nitrogen Fixation, Inoculum, Inoculation, and Nodulation by
Rhizobium Bacteria 194, 201, 214, 223, 224, 229, 233, 236, 244,
257, 261, 262, 265, 268, 280, 283, 284, 288, 289, 290, 294, 296,
301, 320, 323, 337, 338, 343, 360, 365, 366, 385, 387, 389, 390,
402, 404, 406, 418, 419, 420, 421, 439, 448, 483, 487, 491, 509,
513, 535, 540, 541, 547, 548, 569, 580, 582, 595, 605, 615, 616,
617, 618, 622, 624, 625, 633, 634, 646, 647, 650, 653, 661, 662,
668, 675, 680, 681, 683, 684, 695, 697, 702, 705, 706, 709, 724,
726, 727, 735, 737, 754, 757, 759, 761, 766, 781, 804, 810, 817,
824, 829, 841, 849, 865, 867, 875, 877, 889, 901, 937, 941, 953,
968, 974, 980, 981, 1017, 1022, 1086, 1122, 1127, 1128, 1133,
1138, 1155, 1218, 1222, 1252, 1270, 1273, 1282, 1293, 1298, 1301,
1340, 1344, 1348, 1352, 1368, 1371, 1376, 1391, 1483, 1487, 1497,
1499, 1520, 1540, 1572, 1590, 1598, 1600, 1604, 1617, 1621, 1627,
1631, 1639, 1653, 1689, 1691, 1692, 1695, 1702, 1717, 1725, 1731,
1734, 1739, 1744, 1753, 1764, 1767, 1770, 1784, 1803, 1811, 1844,
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1849, 1856, 1858, 1871, 1893, 1905, 1933, 1937, 1940, 1942, 1943,
1948, 1953, 1954, 1965, 1969, 1973, 1981, 1982, 1983, 1991, 1995,
2009, 2010, 2018, 2020, 2021, 2050, 2054, 2060, 2061, 2066, 2069,
2077, 2078, 2080, 2083, 2084, 2085, 2093, 2099, 2112, 2114, 2119,
2120, 2130, 2134, 2137, 2139, 2143, 2145, 2157, 2158, 2162, 2168,
2178, 2179, 2192, 2194, 2195, 2196, 2197, 2203, 2204, 2205, 2207,
2208, 2216, 2219, 2221, 2223, 2227, 2228, 2229, 2230, 2234, 2235,
2243, 2244, 2246, 2247, 2252, 2253, 2261, 2262, 2272, 2273, 2274,
2278, 2289, 2297, 2298, 2300, 2303, 2310, 2324, 2335, 2338, 2340,
2353, 2357, 2358, 2362, 2372, 2385, 2386, 2387, 2391, 2400, 2402,
2404, 2424, 2426, 2427, 2434, 2442, 2451, 2457, 2458, 2462, 2472,
2475, 2480, 2483, 2487, 2503, 2504, 2510, 2513, 2516, 2520, 2540,
2550, 2553, 2559, 2563, 2564, 2566, 2570, 2578, 2579, 2591, 2598,
2602, 2604, 2622, 2627, 2629, 2632, 2633, 2634, 2635, 2638, 2640,
2646, 2647, 2651, 2653, 2664, 2668, 2669, 2672, 2676, 2680, 2688,
2699, 2703, 2713, 2723, 2725, 2726, 2727, 2729, 2735, 2736, 2737,
2738, 2756, 2758, 2764, 2767, 2784, 2785, 2790, 2792, 2794, 2798,
2801, 2805, 2815, 2824, 2829, 2833, 2839, 2842, 2844, 2863, 2864,
2865, 2877, 2878, 2885, 2894, 2897, 2907, 2916, 2932, 2971, 2973
Nitrogen Fixation, Inoculum, Inoculation, and Nodulation–
Etymology of Related Terms and Their Cognates 194, 244, 283
Nitrogen Fixing Cultures / Inoculants (Commercial and
Noncommercial from government), of Rhizobium Bacteria for
Soybeans (Culture / Inoculant / Inoculum / Inocula) 244, 283, 284,
289, 290, 294, 296, 483, 877, 901, 1487, 1621, 1717, 2386, 2566,
2792
Nodulation. See Nitrogen Fixation, Inoculum, Inoculation, and
Nodulation by Rhizobium Bacteria
Nomenclature of Soybean Varieties–Standardization of and
Confusion Concerning Names 313, 406, 601, 937, 941, 1346, 1847,
2079, 2164, 2562, 2592, 2683, 2684, 2691, 2700, 2752
Non-dairy, non-soy milk. See Milk, Non-Dairy, Non-Soy Milks and
Creams Made from Nuts, Grains, Seeds, or Legumes
North America. See United States of America, and Canada. For
Mexico, see Latin America, Central America
North Carolina. See United States–States–North Carolina
Northeast India. See Asia, South–India, Northeast / North-East. The
Contiguous Seven Sister States and Sikkim
Northern Regional Research Center (NRRC) (Peoria, Illinois). See
National Center for Agricultural Utilization Research (NCAUR)
(USDA-ARS)
Northrup King Co. A subsidiary of Sandoz (1995), then Novartis
(1996), then Syngenta (2001) 1954, 1955, 2751, 2760, 2886
No-till farming. See Soybean Cultural Practices–No Till Farming
Novartis, Including Novartis Seeds. Novartis was formed in March
1996 by the Merger of Sandoz AG and Ciba-Geigy (both based in
Basel, Switzerland) 2760

Nut milk or cream. See Milk–Non-Dairy Milks and Creams Made
from Nuts
Nutraceuticals. See Functional Foods or Nutraceuticals
Nutrition. See Carbohydrates (General). See also Starch, Dietary
Fiber, and Oligosaccharides (Complex Sugars), Carbohydrates–
Dietary Fiber, Chemical / Nutritional Composition or Analysis,
Diet and Breast Cancer Prevention, Flatulence or Intestinal Gas,
Functional Foods or Nutraceuticals, Human Nutrition–Human
Trials, Intestinal Flora / Bacteria, Isoflavone or Phytoestrogen
Content of Soyfoods, Soy-based Products,, Lipid and Fatty Acid
Composition of Soy, Lipids–Effects on Blood Lipids, Minerals
(General), Protein–Effects on Blood Lipids, Protein Quality, and
Supplementation, Protein Resources and Shortages, and the “World
Protein Crisis / Gap / Problem” of 1950-1979, Toxins and Toxicity
in Foods and Feeds–Bongkrek Poisoning, Toxins and Toxicity
in Foods and Feeds–General, Vitamin E (Tocopherol), Vitamins
(General)
Nutrition–Acid-Base Balance in Diet and Health, or Individual
Foods, or Acid-Alkaline Ash in Diet, or Acid-Forming and BaseForming Elements in Foods 2366
Nutrition–Allergens, Allergy / Allergies, and Allergic Reactions
Caused by Soy 2424, 2832, 2902
Nutrition–Biologically active phytochemicals. See Antioxidants,
Phytic Acid, Phytates, and Phytin, Saponins, Trypsin / Protease /
Proteinase Growth Inhibitors
Nutrition–Biologically active substances. See Antinutritional
Factors (General), Antivitamin Activity and Antivitamins,
Goitrogens and Thyroid Function, Hemagglutinins (Lectins or
Soyin)
Nutrition–Carbohydrates. See Oligosaccharides, Starch
Nutrition (General) 353, 354, 618, 646, 647, 675, 913, 924, 972,
978, 1449, 1614, 2297, 2321, 2366, 2368, 2381, 2428, 2513, 2582,
2601, 2604, 2616, 2630, 2702, 2764, 2922, 2961
Nutrition–Lipids. See Linolenic Acid and Linolenate, Sterols or
Steroid Hormones
Nutrition–Medical Aspects. See Cancer Preventing Substances in
Soy, Cardiovascular Disease, Especially Heart Disease and Stroke,
Diabetes and Diabetic Diets, Kidney / Renal Function, Medical /
Medicinal-Therapeutic Uses / Aspects (General)
Nutrition–Medical / Medicinal-Therapeutic Aspects. See Chinese
Medicine, Traditional
Nutrition–Minerals. See Calcium Availability, Absorption, and
Content of Soy
Nutrition–Protein. See Amino Acids and Amino Acid Composition
and Content
Nutrition–Protein–Early and basic research. See Protein–Early and
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Basic Research

Guinea from 1888, then Territory of Papua and New Guinea until
Sept. 1975. The northeast was German New Guinea from 1884 to
1914, then Trust Territory of New Guinea) 623, 693, 1621, 2148,
2151, 2623, 2681

Nuts made from roasted soybeans. See Soynuts
Obituaries, Eulogies, Death Certificates, and Wills. See Also:
Biographies, Biographical Sketches and Autobiographies 467,
1242, 1845
Oceania–Australia, Commonwealth of (Including Tasmania, Cocos
(Keeling) Islands, Christmas Island, Coral Sea Islands Territory,
Norfolk Island, Territory of Ashmore and Cartier Islands, and
Australian Antarctic Territory) 92, 96, 100, 101, 104, 185, 191, 192,
213, 231, 263, 265, 273, 281, 286, 290, 295, 406, 491, 505, 602,
617, 618, 623, 646, 647, 693, 1458, 1572, 1588, 1667, 1671, 1706,
1780, 1808, 1902, 1933, 1935, 1943, 1947, 1949, 1984, 2004, 2015,
2078, 2110, 2111, 2115, 2134, 2148, 2151, 2177, 2272, 2273, 2294,
2298, 2385, 2411, 2455, 2480, 2483, 2516, 2538, 2540, 2542, 2574,
2578, 2586, 2592, 2600, 2615, 2623, 2646, 2647, 2664, 2681, 2750,
2834, 2835

Oceania–Samoa (Formerly Western Samoa; German Samoa until
1914) 2334
Oceania–Soybean Production, Area and Stocks–Statistics, Trends,
and Analyses 2273, 2538
Oceania–Tonga, Kingdom of 269, 2119, 2623, 2681
Oceania–Vanuatu, Republic of (Named New Hebrides until 1980)
269, 2623, 2681
Oelmuehle Hamburg AG (Hamburg, Germany). Founded in 1965
by incorporating Stettiner Oelwerke AG (founded 1910), Toeppfer’s
Oelwerke GmbH (founded 1915), and Hansa-Muehle AG (founded
1916 as Hanseatische Muehlenwerke AG) 506, 529, 886

Oceania–Fiji 101, 269, 617, 623, 2623, 2681
Off flavors. See Flavor Taste Problems
Oceania (General, Also Called Australasia, or Australia and Islands
of the Pacific / Pacific Islands) 44, 2568

Ohio. See United States–States–Ohio

Oceania–Introduction of Soybeans to. Earliest document seen
concerning soybeans (but only wild perennial relatives of soybeans)
in a certain country in Oceania; cultivated soybeans have not yet
been reported 44, 101, 185, 191, 269

Oil or meal, soy, breeding or selection for. See Breeding or
Selection of Soybeans for Use as Soy Oil or Meal

Oceania–Introduction of Soybeans to. Earliest document seen
concerning soybeans in a certain country in Oceania 623

Oil, soy, constants. See Soy Oil Constants

Oil, soy. See Soy Oil

Oil, soy–industrial uses. See Industrial Uses of Soy Oil
Oceania–Introduction of Soybeans to. Earliest document seen
concerning the cultivation of soybeans in a certain country in
Oceania 623
Oceania–Introduction of Soybeans to. This document contains the
earliest date seen for soybeans in a certain country in Oceania 2119
Oceania–Introduction of Soybeans to. This document contains the
earliest date seen for the cultivation of soybeans in a certain country
in Oceania 2119
Oceania–New Zealand–Including Stewart Island, Chatham Islands,
Snares Islands, Bounty Islands, and Tokelau (formerly Union
Islands) 231, 273, 617, 693, 1635, 1643, 2337
Oceania–Other Pacific Islands, Including American Samoa, Cook
Islands (NZ), Niue (NZ), Northern Mariana Islands (U.S., Including
Saipan, Tinian, Rota). And Large Pacific Island Groups–Melanesia,
Micronesia, Polynesia 2623, 2681
Oceania–Pacific Ocean Islands that are Part of France–Territory
of New Caledonia (Nouvelle Calédonie) and Dependencies.
Dependencies are the Loyalty Islands (Iles Loyauté), Isle of Pines
(Ile des Pins–Kunié), Belep Archipelago (Iles Bélep), and Huon
Islands (Ile Huon) 101, 185, 191, 269, 600, 617, 2623, 2681

Oil, soy–industrial uses of. See Industrial Uses of Soy Oil
Oil, soy, industrial uses of, as a drying oil. See Industrial Uses of
Soy Oil
Oil, soy–industrial uses of, as a drying oil. See Industrial Uses of
Soy Oil, Linoleum, Floor Coverings, Oilcloth, and Waterproof
Goods, Resins, Plastics, and Plasticizers (Such as Epoxidized Soy
Oil–ESO), Rubber Substitutes or Artificial / Synthetic Rubber
(Factice)
Oil, soy–industrial uses of, as a hydrogenated oil. See Candles,
Crayons, and Soybean Wax
Oil, soy–industrial uses of, as a non-drying oil. See Adjuvants,
Carriers, and Surfactants for Pesticides, Herbicides, and Other
Agricultural Chemicals, Diesel Fuel, SoyDiesel, Biodiesel or
Artificial Petroleum, Dust Suppressants and Dust Control,
Explosives Made from Glycerine, Illumination or Lighting by
Burning Soy Oil in Wicked Oil Lamps Like Kerosene, Lubricants,
Lubricating Agents, and Axle Grease for Carts, Release or Curing
Agents for Concrete or Asphalt, Industrial Solvents, Hydraulic
Fluids, and Other Minor or General Uses, Soaps or Detergents
Okara. See Fiber–Okara or Soy Pulp

Oceania–Papua New Guinea, Independent State of (British New
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Okinawa / Ryukyu Islands / Great LooChoo (Part of Japan Since
1972) 242, 254, 278, 526, 770, 1014, 1490, 2141, 2319, 2411, 2623,
2681
Oligosaccharides (The Complex Sugars Raffinose, Stachyose, and
Verbascose) 546, 552, 1024, 1790, 1928, 1938, 2292, 2321, 2757,
2759, 2771, 2800, 2851, 2869, 2873, 2987

Parsons, Adrian Alkanh (1846-1929). Soybean Pioneer in Indiana,
and in Hendricks County, Indiana 270
Pasture from green soybean plants. See Feeds / Forage from
Soybean Plants–Pasture, Grazing or Foraging
Pasture from soybeans. See Forage from Soybean Plants–Hogging
Down

Olive Oil 381
Oncom, Onchom, or Ontjom. See Tempeh, Non-Soy Relatives
Ontario. See Canadian Provinces and Territories–Ontario
Ontario Soybean Growers (Canada: Name Changes–Ontario
Soybean Growers Association, Nov. 1946 to 1949. Ontario SoyaBean Growers’ Marketing Board, 1949 to 1989. Ontario Soybean
Growers’ Marketing Board, 1989 to 1 Dec. 1999). Merged into
Grain Farmers of Ontario 2010 Jan 1 1487, 1658, 1680, 2886, 2926
Organic Farming and Gardening (General; Part of Natural Foods
Movement). See also: Organic Soybean Production (Commercial).
See also: Soybean Production: Organically Grown Soybeans or
Soybean Products in Commercial Food Products 2039
Organic Soybean Production (Commercial). See also: Soybean
Production: Organically Grown Soybeans or Soybean Products in
Commercial Food Products 2716, 2717
Organically Grown Soybeans or Organic Soybean Products in
Commercial Food Products 2715
Organoleptic evaluation. See Taste Panel, Taste Test Results, or
Sensory / Organoleptic Evaluation
Origin, Evolution, Domestication, and Dissemination of Soybeans
(General) 8, 11, 19, 31, 36, 51, 67, 70, 74, 87, 90, 103, 105, 106,
107, 117, 127, 135, 152, 156, 164, 179, 186, 192, 221, 266, 281,
290, 291, 292, 312, 323, 491, 537, 551, 596, 720, 861, 886, 901,
938, 962, 1012, 1361, 1396, 1490, 1507, 1508, 1521, 1709, 1738,
1825, 1835, 1878, 1939, 1942, 1983, 1984, 2110, 2129, 2133, 2185,
2260, 2319, 2330, 2348, 2399, 2447, 2448, 2539, 2568, 2607, 2651,
2906
Pacific Islands. See Oceania
Paints (Especially Water-Based Latex Paints)–Industrial Uses of
Soy Proteins 2582
Paints, Varnishes, Enamels, Lacquers, and Other Protective /
Decorative Coatings–Industrial Uses of Soy Oil as a Drying Oil
320, 323, 360, 380, 406, 450, 484, 617, 875, 881, 882, 1487, 2083,
2582, 2891
Pakistan. See Asia, South–Pakistan

Patent Office and Commissioner of Patents, Agriculture. See United
States Department of Agriculture (USDA)–Patent Office and
Commissioner of Patents (Forerunners of USDA)
Patents–References to a Patent in Non-Patent Documents 2567,
2677
Peanut Oil 157, 183
Peanut / Peanuts / Groundnuts–Etymology of These Terms and
Their Cognates/Relatives in Various Languages 80
Peanut / Peanuts (Arachis hypogaea or A. hypogæa)–Also Called
Groundnut, Earthnut, Monkey Nut, Goober / Gouber Pea, Ground
Pea, or Pindar Pea / Pindars 9, 14, 15, 24, 38, 39, 54, 60, 65, 68, 72,
79, 80, 97, 100, 104, 107, 108, 110, 112, 144, 157, 164, 167, 179,
180, 183, 185, 186, 188, 191, 213, 229, 242, 294, 299, 303, 320,
325, 334, 337, 367, 418, 419, 420, 431, 468, 521, 631, 688, 1275,
1287, 1487, 1602, 1650, 1739, 1811, 1853, 1939, 2054, 2228, 2262,
2369, 2372, 2579, 2625, 2660, 2759, 2902, 2908
Peanuts–Historical Documents Published before 1900 9, 14, 15, 24,
38, 39, 54, 60, 65, 68, 72, 79, 80, 97, 100, 104, 107, 108, 110, 112,
144, 157, 164, 167, 179, 180, 183, 185, 186, 188, 191, 213, 229,
242
Peking / Pekin soybean variety. See Soybean Varieties USA–
Mammoth Yellow
Periodicals–American Soybean Association. See American Soybean
Association (ASA)–Periodicals
Peroxidase. See Enzymes in the Soybean–Peroxidase
Pesticide carriers and adjuvants. See Adjuvants, Carriers, and
Surfactants for Pesticides, Herbicides, and Other Agricultural
Chemicals
Pesticides–their Use and Safety (General) 1091, 1598, 1679, 2159,
2678
Peter Henderson & Co. (New York City). Founded 1847 152, 193,
268, 316, 320
Peterson Seed Co. (Savage, Minnesota; Waterloo, Iowa) 1782,
1865, 1955, 2069

Paper Coatings or Sizings, or Textile Sizing–Industrial Uses of Soy
Proteins 1487, 2582

Pfizer, Inc. Including DeKalb-Pfizer Genetics (DeKalb, Illinois)
from 1982 to 1990 2493

Papua New Guinea. See Oceania–Papua New Guinea
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Phaseolus limensis or P. lunatus. See Lima Bean
Pioneer Hi-Bred International, Inc. (Des Moines, Iowa) 2069, 2493,
2715, 2717, 2751, 2760, 2761, 2835

Phenolic Compounds & Phenols 514, 2668, 2898
Philippines. See Asia, Southeast–Philippines
Photographs Published after 1923. See also Illustrations 461, 485,
489, 491, 528, 609, 614, 618, 622, 631, 647, 690, 720, 741, 797,
801, 806, 807, 822, 834, 846, 863, 877, 880, 882, 901, 961, 998,
999, 1000, 1093, 1126, 1204, 1237, 1242, 1440, 1453, 1460, 1498,
1512, 1514, 1555, 1588, 1608, 1656, 1659, 1677, 1680, 1689, 1690,
1712, 1713, 1717, 1753, 1764, 1811, 1822, 1856, 1865, 1927, 1944,
1987, 2029, 2035, 2069, 2083, 2096, 2239, 2278, 2301, 2321, 2326,
2334, 2387, 2429, 2430, 2598, 2606, 2618, 2677, 2749, 2754, 2756,
2762, 2792, 2794, 2866, 2922
Photographs Published before 1924. See also Illustrations 204, 225,
255, 268, 283, 284, 288, 289, 307, 310, 313, 317, 320, 323, 324,
329, 334, 337, 338, 342, 370, 385, 403, 404, 421

Piper, Charles Vancouver (1867-1926, USDA) 313, 314, 315, 329,
336, 337, 338, 379, 399, 406, 409, 418, 419, 420, 421, 422, 467,
593, 901, 941, 1242, 1857, 1985, 2116, 2250, 2335, 2459, 2651,
2866
Plant Industry, Bureau of. See United States Department of
Agriculture (USDA)–Bureau of Plant Industry
Plant Protection from Diseases, Pests and Other Types of Injury
(General) 723, 766, 886, 913, 1764, 1856, 1942, 2054, 2167, 2191,
2228, 2262, 2457, 2458, 2629
Plastics (Including Molded Plastic Parts, Plastic Film, Disposable
Eating Utensils and Tableware–From Spoons to Plates, and
Packaging Materials)–Industrial Uses of Soy Proteins 688, 693,
881, 882, 2582

Photoperiod insensitive soybean varieties. See Soybean–
Physiology–Day-Neutral / Photoperiod Insensitive Soybean
Varieties

Plastics, plasticizers and resins. See Resins, Plastics, and
Plasticizers (Such as Epoxidized Soy Oil–ESO)

Photoperiod Insensitivity. See Soybean–Physiology–Photoperiod
Insensitivity

Plenty (The Farm, Summertown, Tennessee). After Sept. 1983 see
Plenty Canada and Plenty USA 2286, 2301

Photoperiodism. See Soybean–Physiology–Photoperiodism /
Photoperiod and Photoperiodic Effects, Soybean–Physiology and
Biochemistry

Plums (salted / pickled), plum products, and the Japanese plum tree
(Prunus mumé).. See Umeboshi

Phytic Acid (Inositol Hexaphosphate), Phytates / Phytate 2464,
2668, 2757
Phytochemicals in soybeans and soyfoods. See Cancer Preventing
Substances in Soybeans and Soyfoods
Phytoestrogen content. See Isoflavone or Phytoestrogen Content of
Soyfoods, Soy Ingredients, and Soybean Varieties
Phytoestrogens (Estrogens in Plants, Especially in Soybeans and
Soyfoods), Including Isoflavones (Including Genistein, Daidzein,
Glycetein, Coumestrol, Genistin, and Daidzin), Lignans, and
Coumestans 973, 1187, 1392, 1912, 2005, 2036, 2668, 2677, 2695,
2733, 2858, 2892, 2898

Policies and Programs, Government, Effecting Soybean Production,
Marketing, Prices, Price Support Programs, Subsidies, Support
Prices, or Trade 2438, 2513, 2547
Pollination, Soybean (Self-Pollination, Cross-Pollination, etc.) 310,
313, 315, 329, 330, 337, 338, 359, 377, 391, 399, 409, 418, 419,
420, 421, 438, 450, 460, 485, 560, 579, 602, 606, 635, 649, 698,
701, 772, 797, 801, 807, 834, 1056, 1059, 1438, 1440, 1515, 1543,
1558, 1559, 1718, 1781, 1834, 1876, 2038, 2068, 2083, 2113, 2233,
2331, 2336, 2357, 2407, 2444, 2461, 2493, 2549, 2641, 2777, 2834,
2835, 2841
Pork, meatless. See Meat Alternatives–Meatless Bacon, Ham,
Chorizo and Other Pork-related Products
Poultry fed soybeans. See Chickens, or Turkeys, or Geese & Ducks

P.I. numbers of soybeans. See Lists and Descriptions (Official and
/ or Extensive) of Early U.S. Soybean Varieties with Their P.I.
Numbers and Synonyms

Price of Soybeans, Soybean Seeds, and Soybean Products–Except
Sauces (Which See) 1487, 2034

Pigeon Pea, Pigeonpea or Red Gram. Cajanus cajan (L.)
Millspaugh. Formerly Cytisus cajan 80, 81, 82, 144, 2076, 2660

Procter & Gamble Co. (Cincinnati, Ohio). Including the Buckeye
Cotton Oil Co.. 924

Pigs, Hogs, Swine, Sows, Boars, Gilts, or Shoats / Shotes Fed
Soybeans, Soybean Forage, or Soybean Cake or Meal as Feed to
Make Pork 81, 114, 139, 198, 202, 238, 245, 251, 255, 259, 268,
306, 313, 385, 406

Production of soybeans. See Soybean Production

Pillsbury Feed Mills and Pillsbury Co. (Minneapolis, Minnesota)
1487, 2668

Protection of soybeans. See Insects–Pest Control. See also:
Integrated Pest Management, Nematodes–Disease Control,

Protease inhibitors. See Trypsin / Protease
Proteinase Growth Inhibitors
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Pesticides (General), Rodents and Birds–Pest Control–Especially
Rabbits and Woodchucks

Transportation of Soybeans or Soy Products to Market by Railroad
Rapeseed Meal 104, 184, 2759

Protection of soybeans from diseases. See Diseases of soybeans
Rapeseed Oil 2765
Protein–Early and Basic Research 123, 124, 141, 184, 223, 226,
406, 1533, 1534, 1729, 1809, 1942, 1976, 1986, 2185, 2228, 2670,
2746, 2799
Protein–Effects of Dietary Protein (Especially Soy Protein) on
Blood Lipids (Especially Cholesterol) 2366

Rapeseed or the rape plant. See Canola
Rapeseed, the Rape Plant (Brassica napus), or Colza. See also
Canola 104, 188, 301, 329, 337, 347, 1558, 2228, 2417
Recipes. See Cookery

Protein products, soy. See Soy Protein Products
Red rice koji. See Koji, Red Rice
Protein Quality, and Supplementation / Complementarity to
Increase Protein Quality of Mixed Foods or Feeds. See also
Nutrition–Protein Amino Acids and Amino Acid Composition 894,
924, 978, 1790, 1985, 2267, 2301, 2321, 2349, 2366, 2598, 2639
Protein Resources and Shortages, and the “World Protein Crisis /
Gap / Problem” of 1950-1979 2129

Red soybeans. See Soybean Seeds–Red
Reference Books and Other Reference Resources 1708, 2616, 2702
Regional Soybean Industrial Products Laboratory (Urbana, Illinois).
See U.S. Regional Soybean Industrial Products Laboratory (Urbana,
Illinois). Founded April 1936)

Protein sources, alternative, from plants. See Amaranth, Azuki
Bean, Bambarra groundnuts, Chufa (Cyperus esculentus) or Earth
Almonds, Lupins or Lupin, Peanut & Peanut Butter, Quinoa,
Sunflower Seeds, Wheat Gluten & Seitan, Winged Bean

Release or Curing Agents for Concrete or Asphalt, Industrial
Solvents, Hydraulic Fluids, Antimicrobial Agents, and Other Minor
or General–Industrial Uses of Soy Oil as a Non-Drying Oil 320

Protein supplementation / complementarity to increase protein
quality. See Nutrition–Protein Quality

Religious aspects of vegetarianism. See Vegetarianism–Religious
Aspects

Psophocarpus tetragonolobus. See Winged Bean

Republic of China (ROC). See Asia, East–Taiwan

Public Law 480 (Food for Peace Program. Formally–Agricultural
Trade Development and Assistance Act of 1954) 1487, 2267

Research & Development Centers. See (EMBRAPA) (Brazil),
Cornell University (Ithaca, New York), and New York State Agric.
Exp. Station, Illinois, University of (Urbana-Champaign, Illinois).
Soyfoods, Iowa State University / College (Ames, Iowa), and Univ.
of Iowa (Iowa City), National Center for Agricultural Utilization
Research (NCAUR) (USDA-ARS) (Peoria, Illinois), National Food
Research Institute (NFRI) (Tsukuba, Ibaraki-ken, Japan), U.S.
Regional Soybean Industrial Products Laboratory (Urbana, Illinois).
Founded April 1936)

Pudding. See Soy Pudding, Custard, Parfait, or Mousse (Usually
made from Soymilk or Tofu)
Pueraria. See Kudzu or Kuzu
Puero. See Kudzu or Kuzu–Tropical Kudzu or Puero (Pueraria
phaseoloides)
Quality and grades of soybean seed. See Seed Quality of Soybeans–
Condition, Grading, and Grades (Moisture, Foreign Material,
Damage, etc.)
Quincy Soybean Products Co. (Quincy, Illinois). Purchased by
Moorman Manufacturing Co. in 1961 and Renamed Quincy
Soybean Company. Purchased by ADM in 1998 1487
Quinoa (Chenopodium quinoa Willd.). Also spelled Quinua 104,
164, 174, 688, 2301

Research on Soybeans 126, 631, 880, 944, 975, 1532, 1580, 1658,
1659, 1680, 1689, 1810, 1965, 2271, 2297, 2298, 2430, 2438, 2513,
2569, 2599, 2604, 2731, 2764
Resins, Plastics, and Plasticizers (Such as Epoxidized Soy Oil–
ESO)–Industrial Uses of Soy Oil as a Drying Oil 2582
Restaurants, Chinese, outside China, or Chinese recipes that use
soy ingredients outside China. See Asia, East–China–Chinese
Restaurants Outside China
Reunion. See Africa–Reunion (Réunion is a Department of France)

Québec. See Canadian Provinces and Territories–Québec
Rabbits as pests. See Rodent and Birds–Pest Control–Especially
Rabbits and Woodchucks
Railroad / railway / rail used to transport soybeans. See

Reviews of the literature. See Bibliographies and / or Reviews of
the Literature
Rewald, Bruno (1883-1947) and Relatives. Lecithin Pioneer in
Germany, the United States and the United Kingdom 506
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Sausages, meatless. See Meat Alternatives–Meatless Sausages
Rhizobium bacteria. See Soybean Production–Nitrogen Fixation
School Lunch Program 1204
Rice koji. See Koji
Scotland. See Europe, Western–Scotland (Part of United Kingdom)
Rice Milk (Non-Dairy)–Amazake, Made with Rice Koji in the
Traditional Way (Without Adding Commercial Enzymes). Also
called Rice Milk or Rice Drink 298
Rice, Red Fermented. See Koji, Red Rice 142

Screw presses. See Soybean Crushing–Equipment–Screw Presses
and Expellers
Sea Vegetables or Edible Seaweeds, Often Used with Soyfoods 9,
31, 97, 104, 107, 164, 196, 290, 407

Rice wine. See Sake
Seaweeds, edible. See Sea Vegetables
Riegel, William E. See Meharry, Charles Leo (1885-1937)
Roasted Whole Soy Flour (Kinako–Dark Roasted with Dry Heat,
Full-Fat) and Grits 17, 291, 292, 317, 618, 646, 647, 817, 1942,
2228, 2699, 2727
Robert L. Dortch Seed Farms (Scott, Arkansas) 847, 937, 1016,
1346, 1453, 2086, 2536, 2592

Seed and plant introduction to the USA. See United States
Department of Agriculture (USDA)–United States Department
of Agriculture (USDA)–Section of Foreign Seed and Plant
Introduction
Seed Certification and Certified Seeds (Soybeans) 406, 1555, 1811
Seed Cleaning–Especially for Food or Seed Planting Uses 5, 2374,
2641, 2717

Rodale Press (Emmaus, Pennsylvania) 2096, 2284
Rodents and Birds–Pest Control–Especially Rabbits, Jackrabbits /
Jack Rabbits, Hares, Woodchucks, Pigeons and Pheasants 130, 139,
245, 268, 337, 338, 365, 421, 781, 937, 2229
Rouest, Léon (1872-1938). Soybean Pioneer in France 622, 693,
735, 766, 781, 864, 877, 1234, 2914
Royal: New U.S. domestic soybean variety. Synonym: Wilson-Five
(Morse 1948) 489, 601, 1346
Rubber Substitutes or Artificial / Synthetic Rubber (Factice)–
Industrial Uses of Soy Oil as a Drying Oil 360, 617, 2582
Russian Federation (Russia). See Europe, Eastern–Russian
Federation
Russo-Japanese War (1904-1905)–Soybeans and Soyfoods 320
Rust, soybean. See Rust, Soybean
Ryukyu Islands. See Okinawa
Sake–Rice Wine. In Japanese also spelled Saké, Saki, Sakki, Sacke,
Sackee, Saque. In Chinese spelled Jiu (pinyin) or Chiu (WadeGiles) 6, 298, 610
Samoa. See Oceania–Samoa
Sandoz AG (Basel, Switzerland). Merged with Ciba-Geigy in
March 1996 to Become Novartis 2751, 2760
Saponins (Bitter Carbohydrates / Glucosides That Cause Foaming)
644, 2428, 2668
Sauce, soy nugget. See Fermented Black Soybean Extract

Seed Color (Soybeans)–Gives the Color of Seed (and Often Hilum)
for Various Specific Varieties. See also: Soybean Seeds of Different
Colors 99, 106, 118, 166, 171, 183, 197, 211, 313, 325, 330, 337,
338, 347, 394, 409, 421, 489, 601, 638, 735, 1013, 1085, 1266,
1453, 1789, 2536, 2683, 2700, 2768
Seed Companies and Seedsmen, Early Soybean, Worldwide
(Especially Before 1925) 152, 155, 183, 193, 204, 268, 294, 310,
313, 316, 320, 337, 338, 366, 421, 875, 1204, 1234, 1717, 2034,
2110, 2254, 2762
Seed companies, soybean. See Asgrow (Des Moines, Iowa), Burpee,
Coker Pedigreed Seed Co. (Hartsville, South Carolina), Cole (C.E),
Dammann & Co. (San Giovanni a Teduccio {near Naples}, Italy),
DeKalb Genetics. Including DeKalb-Pfizer Genetics (DeKalb,
Illinois), Dortch Seed Farms, DuPont (E.I. Du Pont de Nemours
& Co., Inc.) (Wilmington, Delaware), Evans Seed Co. (West
Branch, Ogemaw County, Michigan) and Mr. Edward Ellsworth
Evans (1864-1928), Funk Brothers Seed Co. (Bloomington,
Illinois), Haage & Schmidt (Erfurt, Germany), Hartz (Jacob) Seed
Co. (Stuttgart, Arkansas), James J.H. Gregory, Johnson & Stokes
(Philadelphia, Pennsylvania), Monsanto Co. (St. Louis, Missouri),
Northrup King Co., Peter Henderson & Co. (New York City),
Peterson, Pioneer Hi-Bred International, Inc. (Des Moines, Iowa),
Soybean Research Foundation, Inc. (SRF, Mason City, Illinois),
T.W. Wood & Sons (Richmond, Virginia), Teweles, Thorburn,
Vilmorin-Andrieux & Co. (France), Wannamaker (John E.) (St.
Matthews, South Carolina), Wing Seed Co. (Mechanicsburg,
Champaign County, Ohio)
Seed companies–Thompson. See Thompson (W.G.) & Sons
Limited, Blenheim, Ontario, Canada
Seed, Food or Feed Composition–High-Speed Measurement
Techniques, such as Near Infrared Reflectance (NIR) or
Transmitance (NIT) Anlysis and Spectrophotometry 1745
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Seed Germination or Viability–Not Including Soy Sprouts 225, 253,
320, 323, 334, 337, 338, 344, 369, 370, 421, 424, 430, 445, 464,
473, 501, 508, 511, 521, 528, 536, 539, 542, 558, 570, 783, 842,
860, 864, 1029, 1095, 1356, 1496, 1766, 1873, 1925, 1987, 2076,
2156, 2171, 2502, 2741, 2757, 2848
Seed Quality, Composition, and Component / Value-Based Pricing
(Percentage and Quality of Protein, Oil, Fatty Acids, etc.) 1533,
1534, 1563, 2065, 2321, 2579, 2639
Seed Quality of Soybeans–Condition, Grading, and Grades
(Moisture, Foreign Material, Damage, etc.) 750, 1453, 1942, 1999,
2113, 2228, 2298, 2304, 2369, 2371, 2557, 2595, 2689

Seychelles. See Africa–Seychelles, Republic of
Shakes–Made with Soymilk, Tofu, Amazake, Soy Protein, etc.
Usually non-dairy 776
Sheep, Lambs, Ewes, or Rams Fed Soybeans, Soybean Forage, or
Soybean Cake or Meal as Feed to Make Wool or Mutton 156, 251,
268, 385, 406
Shennong / Shen Nung. See Asia, East–China–Shennong / Shên
Nung / Shen Nung
Shortening (Usually Hydrogenated) 491, 881, 1487, 2069, 2410,
2616, 2630, 2702, 2759

Seed sellers. See Soybean seed sellers
Shoyu. See Soy Sauce
Seed Treatment with Chemicals (Usually Protectant Fungicides)
for Protection. (For Treatment with Nitrogen-Fixing Bacteria see–
Soybean Production–Nitrogen Fixation & Inoculation) 584, 984,
1083, 1093, 1225, 1230, 1231, 1598, 1627, 1651, 1876, 1991, 2065,
2641, 2699, 2727
Seed Weight / Size (Soybeans)–Weight of 100 Seeds / Grains
in Grams, or Number of Seeds Per Pound or Per Kilogram, and
Agronomic Significance of Seed Weight 142, 180, 243, 329, 347,
409, 551, 570, 638, 735, 797, 807, 965, 1013, 1085, 1212, 1246,
1266, 1382, 1453, 1487, 1490, 1598, 1627, 1746, 1789, 1846, 1847,
1867, 1873, 1985, 1987, 2048, 2155, 2284, 2334, 2377, 2484, 2485,
2536, 2547, 2694, 2716, 2768, 2787, 2851, 2891
Seedlings, soybean. See Green Vegetable Soybeans–Soybean
Seedlings or Their Leaves Served as a Tender Vegetable. Called
Doumiao in Chinese

Shurtleff, William. See Soyinfo Center (Lafayette, California)
Siebold, Philipp Franz von (1796-1866)–German Physician and
Naturalist in Japan (1823-1829) 61, 74, 76, 98, 99, 103, 105, 126,
135, 150, 158, 159, 160, 162, 163, 166, 171, 173, 175, 176, 204,
230, 314, 336, 679, 1857
Silage, soybean. See Feeds / Forage from Soybean Plants–Forage
Used for Silage / Ensilage
Size of soybean seeds. See Seed Weight / Size (Soybeans)–Weight
of 100 Seeds in Grams, or Number of Seeds Per Pound
Sizings for paper or textiles. See Paper Coatings or Sizings, or
Textile Sizing
Skin Health 310

Seeds, soybean–Variety development and breeding of soybeans. See
Variety Development and Breeding
Sensory evaluation. See Taste Panel, Taste Test Results, or Sensory /
Organoleptic Evaluation

Smoked tofu. See Tofu, Smoked
Soaps or Detergents–Industrial Uses of Soy Oil as a Non-Drying
Oil–Soap, Detergent 320, 323, 329, 360, 406, 484, 617, 693, 875,
881, 1487, 2083

Serbia. See Europe, Eastern–Serbia
Sesame Oil 104, 113, 152, 164, 183, 298, 329, 1278, 2083

Society for Acclimatization (Société d’Acclimatation, France) 142,
146, 155, 183, 242, 291, 292, 312, 335, 366, 643, 693, 735

Sesame Seed (Sesamum indicum, formerly Sesamum orientale).
(Also Called Ajonjoli, Benne, Benni, Benniseed, Gingelly, Gingely,
Gingelie, Jinjili, Sesamum, Simsim, Teel, Til). Including Sesame as
an Oilseed, Sesame Flour, Sesame Tofu (Goma-dofu), and Sesame
Salt / Gomashio. See also Sesame Butter / Tahini, Sesame Cake or
Meal, Sesame Milk, and Sesame Oil 9, 33, 54, 68, 97, 104, 107,
108, 110, 113, 152, 164, 170, 180, 183, 188, 213, 242, 298, 299,
325, 329, 334, 367, 407, 468, 688, 1278, 1479, 1542, 2228

Soil fertility. See Soil Science–Soil Fertility

Sesamum indicum. See Sesame Seed

Soil Science–Soil Fertility and Soil Health 2918

Seventh-day Adventists. See Kellogg, John Harvey (M.D.) (18521943), Sanitas Nut Food Co. and Battle Creek Food Co., Kellogg,
Will Keith,... Kellogg Co., Worthington Foods, Inc. (Worthington,
Ohio)

Soilage, soybean. See Feeds / Forage from Soybean Plants–Soilage
and Soiling

Soil Science 43, 139, 288, 331, 362, 374, 389, 430, 436, 445, 449,
478, 499, 530, 736, 1435, 1448, 1485, 1499, 1525, 1537, 1577,
1578, 1579, 1636, 1682, 1904, 2184, 2430
Soil Science–Soil Erosion and Soil Conservation 714, 929, 937,
1598, 1627, 1811, 2417, 2513

Solbar Hatzor Ltd. (Israel). See Hayes Ashdod Ltd. (renamed Solbar
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Hatzor Ltd. in April 1987) and Hayes General Technology (Israel)
Solvent extraction equipment. See Soybean Crushing–Equipment–
Solvent extraction
Solvents. See Soybean Crushing–Solvents
Solvents, industrial. See Release or Curing Agents for Concrete or
Asphalt, Industrial Solvents, Hydraulic Fluids, and Other Minor or
General Uses
Solvents Used for Extraction of the Oil from Soybeans: Benzene /
Benzine / Benzol / Benzin (petrol, gasoline) 450
Solvents Used for Extraction of the Oil from Soybeans (General,
Type of Solvent, Unspecified, or Other). See also Ethanol, Hexane,
and Trichloroethylene Solvents 223, 924
Soup, miso. See Miso Soup

124, 310, 320, 323, 328, 329, 353, 354, 360, 366, 406, 413, 484,
529, 617, 618, 622, 643, 644, 646, 647, 672, 675, 693, 698, 723,
735, 737, 791, 817, 834, 913, 939, 1487, 1709, 1942, 1983, 2083,
2114, 2178, 2228, 2286, 2298, 2313, 2451, 2468, 2488, 2513, 2582,
2598, 2604, 2616, 2630, 2668, 2680, 2699, 2702, 2720, 2727, 2759,
2851, 2895
Soy Flour or Defatted Soybean Meal in Cereal-Soy Blends, with
Emphasis on Dry Products Used in Third World Countries, Often
Used as Weaning Foods (such as CSM, WSB, etc.) 1942, 2083,
2228, 2267
Soy Flour, Textured (Including TVP, Textured Vegetable Protein)
2083, 2298, 2759
Soy Flour–Whole or Full-fat 6, 147, 384, 491, 646, 668, 689, 875,
886, 2720
Soy Flour, Whole or Full-fat–Etymology of These Terms and Their
Cognates / Relatives in Various Languages 123, 147

South Africa. See Africa–South Africa
Soy Ice Cream (General–Usually Non-Dairy) 1487, 2616, 2630,
2702

South America. See Latin America–South America
South Manchuria Railway and the South Manchuria Railway
Company (Minami Manshu Tetsudo Kabushiki Kaisha) 388, 396,
491

Soy Ice Cream Industry and Market Statistics, Trends, and
Analyses–By Geographical Region 2630
Soy infant formula. See Infant Formula, Soy-based

Soy and Cancer Prevention; Cancer Preventing Substances in
Soybeans and Soyfoods (Such as the Isoflavones Genistein and
Daidzein) 2366, 2668, 2677

Soy lecithin. See Lecithin, Soy

Soy bran. See Fiber, Soy

Soy Molasses or Soy Solubles–A By-Product of Making Soy
Protein Concentrate Using the Aqueous Alcohol Wash Process.
Rich in Isoflavones 2668

Soy Chocolate or Cocoa (Toasted Soy Flour) (Also includes use of
non-roasted Soy Flour or Soymilk in Making Chocolate) 147, 323,
496, 622, 693
Soy Coffee–Made from Roasted Soy Flour or Ground Roasted
Soybeans 106, 116, 121, 123, 124, 126, 129, 142, 147, 184, 202,
227, 243, 255, 259, 265, 267, 268, 291, 292, 310, 313, 317, 320,
323, 353, 354, 360, 363, 366, 384, 406, 484, 485, 496, 529, 613,
617, 622, 643, 672, 690, 693, 710, 817, 1764, 2451
Soy Coffee (Roasted Soy Flour)–Etymology of This Term and Its
Cognates / Relatives in Various Languages 106, 291, 292
Soy fiber. See Fiber
Soy flour companies (Europe). See Spillers Premier Products Ltd.
(Puckeridge, Ware, Hertfordshire, England)

Soy Oil as a Commodity, Product, or Ingredient for Food Use (in
Cookery or Foods). Its Manufacture, Refining, Trade, and Use. See
Also: Industrial Uses of Soy Oil, and Nutrition: Lipids 2, 3, 4, 6,
104, 106, 109, 112, 113, 130, 142, 155, 156, 172, 173, 174, 177,
179, 183, 184, 186, 187, 193, 208, 211, 217, 223, 242, 302, 303,
310, 320, 321, 323, 329, 340, 385, 406, 407, 484, 521, 555, 601,
613, 621, 622, 631, 638, 643, 644, 646, 647, 672, 689, 693, 723,
737, 791, 800, 841, 881, 882, 913, 924, 939, 973, 1006, 1150, 1152,
1417, 1450, 1462, 1658, 1709, 1763, 1771, 1811, 1942, 2065, 2069,
2129, 2134, 2227, 2228, 2267, 2273, 2297, 2298, 2321, 2513, 2521,
2547, 2548, 2630, 2764, 2895
Soy Oil Constants. Includes Index of Refreaction, Refreactive
Index, Solidification Point (Erstarrungspunkt), Specific Gravity.
See also Iodine Number 223, 320, 749, 973, 2759

Soy Flour, Grits, and Flakes–Enzyme Active (Whole / Full-Fat,
Unheated) 2759

Soy Oil Constants–Iodine Number / Value 223, 450, 481, 575, 581,
665, 736, 749, 800, 803, 847, 856, 895, 898, 900, 965, 1103, 1130,
1186, 1266, 1377, 1406, 1544, 1789, 1937

Soy Flour, Grits and Flakes (Usually Defatted)–Etymology of These
Terms and Their Cognates / Relatives in Various Languages 328

Soy Oil–Etymology of This Term and Its Cognates / Relatives in
Various Languages 4, 104, 109, 113, 142, 723

Soy Flour, Grits, Meal, Powder, or Flakes–For Food Use (Usually
Defatted or Low-Fat). See also Soy Flour–Whole or Full-fat 123,

Soy oil–industry and market statistics. See Soybean Crushing
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Soy Protein and Proteins–Etymology of These Terms and Their
Cognates / Relatives in Various Languages 131, 317

Soy Sauce (Including Shoyu and Worcestershire Sauce)–Imports,
Exports, International Trade 43, 49, 113, 122, 213, 295, 303, 2568

Soy protein companies (Israel). See Hayes Ashdod Ltd. and Hayes
General Technology

Soy Sauce (Including Shoyu). See Also Tamari, Teriyaki Sauce, and
Traditional Worcestershire Sauce 4, 5, 6, 9, 12, 31, 34, 36, 38, 39,
43, 49, 51, 62, 67, 71, 73, 104, 106, 113, 116, 119, 122, 123, 142,
148, 152, 155, 157, 164, 166, 170, 171, 172, 173, 178, 183, 187,
193, 204, 208, 209, 211, 213, 223, 226, 243, 253, 273, 276, 290,
295, 299, 303, 304, 310, 311, 320, 321, 323, 327, 328, 329, 333,
334, 353, 370, 384, 406, 407, 484, 485, 491, 496, 529, 610, 617,
621, 622, 643, 644, 646, 672, 693, 699, 723, 737, 841, 875, 886,
901, 939, 1016, 1450, 1487, 1709, 1811, 1942, 2083, 2129, 2228,
2267, 2274, 2568, 2601, 2616, 2630, 2651, 2694, 2699, 2702, 2727,
2759, 2789

Soy protein companies (USA). See Glidden Co. (The), Griffith
Laboratories, Gunther Products, Inc.
Soy Protein Concentrates, Textured 2759, 2898
Soy Protein Isolates, Concentrates, or Textured Soy Protein
Products–Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2694
Soy Protein Isolates, Textured (For Food Use Only, Including Spun
Soy Protein Fibers or Soy Isolate Gels). See also: Industrial Uses of
Soy Proteins–Fibers (Artificial Wool Made from Spun Soy Protein
Fibers) 2069, 2083, 2759
Soy Protein Products (General, or Modern Products). See also:
Nutrition–Protein, Protein Quality, and Amino Acid Composition
444, 453, 792, 793, 881, 882, 1602, 1606, 1942, 2065, 2228, 2297,
2513, 2604, 2764

Soy Sauce, Indonesian Style or from the Dutch East Indies (Kecap,
Kécap, Kechap, Ketjap, Kétjap). See also Ketchup / Catsup 142,
183, 299, 311, 323, 617, 672
Soy Sauce Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2630, 2694
Soy sauce residue or dregs. See Fiber–Residue or Dregs from
Making Soy Sauce

Soy Proteins–Concentrates 1942, 1983, 2228, 2451, 2639, 2668,
2898

Soy Sprouts–Etymology of This Term and Its Cognates / Relatives
in Various Languages 113, 217, 223, 723

Soy Proteins–Isolates, for Food Use. See also: Isolates, for
Industrial (Non-Food) Use 406, 413, 924, 1606, 1942, 1983, 2228,
2451, 2598, 2639, 2668, 2759, 2898

Soy Sprouts, Homemade–How to Grow at Home or on a Laboratory
Scale, by Hand 1013

Soy Proteins–Properties (Including Types {Globulins, Glycinin,
Beta- and Gamma-Conglycinin}, 7S & 11S Protein Fractions and
Subunits, Sedimentation Coefficients, Nitrogen Solubility, and
Rheology) 323, 413, 957, 1069, 1602, 1606, 1630, 1747, 1766,
1942, 2174, 2228, 2321, 2403, 2576, 2639
Soy Proteins, Textured (General) 1942, 2228, 2313, 2451
Soy Pudding, Custard, Parfait, or Mousse (Usually made from
Soymilk. Non-Dairy Milk, or Tofu). See also Soy Yogurt–Not
Fermented 485, 491, 622, 1487, 2598

Soy Sprouts (Sprouted or Germinated Soybeans) for Food Use 2,
3, 4, 6, 113, 211, 217, 223, 310, 317, 323, 324, 335, 342, 347, 376,
406, 407, 459, 464, 473, 485, 496, 508, 511, 514, 521, 528, 529,
546, 552, 581, 618, 621, 622, 643, 646, 647, 651, 652, 656, 665,
672, 675, 686, 693, 713, 723, 776, 817, 826, 860, 864, 876, 930,
977, 978, 1013, 1095, 1102, 1104, 1115, 1143, 1221, 1384, 1390,
1450, 1455, 1469, 1475, 1487, 1505, 1513, 1556, 1567, 1592, 1709,
1714, 1811, 1855, 1856, 1942, 1976, 2083, 2096, 2113, 2128, 2228,
2284, 2345, 2375, 2381, 2507, 2550, 2582, 2586, 2600, 2700, 2757,
2759, 2783, 2895
Soy wine. See Fermented Specialty Soyfoods

Soy sauce. See Tamari, Worcestershire Sauce

Soy Yogurt–Fermented / Cultured 317, 323, 693, 2548

Soy Sauce and Shoyu–Etymology of These Terms and Their
Cognates / Relatives in Various Languages 6, 9, 12, 34, 36, 51, 67,
106, 113, 122, 123, 142, 183

Soya Foods Ltd [Named Soya Flour Manufacturing Co. Ltd. (192942), and Soya Foods Ltd. (1933)]. See Spillers Premier Products
Ltd.

Soy Sauce, Chinese Style, Made with a Significant Proportion of
Wheat or Barley 6, 62, 183, 208

Soya–Soybean Production and Soy Products 388, 396, 672, 735,
913, 1600

Soy sauce companies or brands (USA). See La Choy

Soyatech (Publisher of Soya Bluebook and Soya Newsletter, Bar
Harbor, Maine. Note: In March 1980 Peter Golbitz and Sharyn
Kingma started Island Tofu Works, a tofu manufacturing company,
in Bar Harbor, Maine) 2759

Soy Sauce, HVP Type (Non-Fermented or Semi-Fermented, Made
with Acid-Hydrolyzed Vegetable Protein; an Amino Acid Seasoning
Solution Rich in Glutamic Acid). Also Called Pejoratively Chemical
Soy Sauce 2759

Soybean archaeology. See Archaeology
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Soybean Council of America. See American Soybean Association
(ASA)–Soybean Council of America

Soybean Cultural Practices–No-Till, Conservation Tillage, and
Minimum Tillage Farming / Agriculture 1598, 1627, 1823, 2000,
2254, 2400, 2886, 2918

Soybean crushers (Asia). See Nisshin Oil Mills, Ltd. (Tokyo, Japan)
Soybean–General and Other 1970, 2912, 3003
Soybean Crushers (Europe). See Unilever Corp., Lever Brothers
Co., Unimills B.V. (Netherlands)
Soybean crushers (Europe). See Ferruzzi-Montedison (Italy), Hansa
Muehle (Hamburg, Germany), Oelmuehle Hamburg AG (Hamburg,
Germany)
Soybean crushers (USA). See Allied Mills, Inc., Archer Daniels
Midland Co. (ADM) (Decatur, Illinois), Bunge Corp. (White Plains,
New York), Cargill, Inc. (Minneapolis, Minneapolis), Central Soya
Co. (Fort Wayne, Indiana), Chicago Heights Oil Co. (Chicago
Heights, Illinois), Continental Grain Co. (New York, New York),
Dannen Mills (St. Joseph, Missouri), Delphos Grain & Soya
Products Co. (Delphos, Ohio), Honeymead Products Co., Lauhoff
Grain Co. (Danville, Illinois), Pillsbury Feed Mills and Pillsbury
Co. (Minneapolis, Minnesota), Procter & Gamble Co. (Cincinnati,
Ohio). Including the Buckeye Cotton Oil Co., Quincy Soybean
Products Co. (Quincy, Illinois), Spencer Kellogg & Sons, Inc.
(Buffalo, New York), Staley (A.E.) Manufacturing Co. (Decatur,
Soybean Crushers (USA). See Seed Companies, Soybean–Funk
Brothers Seed Co. (Bloomington, Illinois)–After 1924
Soybean crushers (USA), Early. See Elizabeth City Oil and
Fertilizer Co. (Elizabeth City, North Carolina; 1915)

Soybean–General Comprehensive and Basic Important Publications
about Soybeans 406, 1942, 1983, 2228, 2907
Soybean–Genetic Diversity, Variability and Population Structure
1944, 1998, 2295, 2774, 2775, 2779, 2795, 2915, 2961
Soybean Genetics or Genome. See also Soybeans, Genetic
Diversity 2977
Soybean–Growth Regulators / Substances Such as Triiodobenzoic
Acid (TIBA), Gibberellic Acid, Gibberellins, Auxins, Cytokinins,
Dicamba, and Florigen 678, 697, 731, 761, 773, 788, 879, 925,
1026, 1092, 1093, 1117, 1167, 1206, 1223, 1230, 1231, 1258, 1276,
1294, 1296, 1334, 1385, 1428, 1451, 1467, 1469, 1476, 1478, 1488,
1509, 1510, 1584, 1594, 1645, 1646, 1651, 1658, 1662, 1665, 1676,
1677, 1680, 1683, 1690, 1693, 1694, 1699, 1715, 1717, 1721, 1725,
1735, 1748, 1750, 1751, 1752, 1764, 1769, 1776, 1778, 1785, 1791,
1793, 1808, 1823, 1844, 1849, 1912, 1935, 1945, 1948, 1969, 1981,
1991, 2003, 2010, 2028, 2059, 2080, 2083, 2096, 2099, 2152, 2159,
2168, 2204, 2216, 2223, 2240, 2252, 2253, 2254, 2255, 2356, 2381,
2405, 2417, 2423, 2429, 2442, 2511, 2524, 2561, 2585, 2586, 2600,
2656, 2675, 2720, 2728, 2731, 2737, 2880, 2896, 2909, 2919, 2925,
2947, 2959, 2960, 2962, 2967, 3007, 3008
Soybean koji. See Koji, Soybean

Soybean Crushers (USA), Early–Pacific Oil Mills and Albers
Brothers Milling Co. (Seattle, Washington; 1911), Elizabeth City
Oil and Fertilizer Co. (Elizabeth City, North Carolina; 1915. By
1917 six other North Carolina oil mills were crushing soybeans),
Chicago Heights Oil Mfg. Co. (Chicago Heights, Illinois; 1920),
A.E. Staley Mfg. Co. (Decatur, Illinois; 1922), Piatt County
Cooperative Soy Bean Co. (Monticello, Illinois; 1923–batch
solvent), Blish Milling Co. (Seymour and Crothersville, Indiana;
1923), Eastern Cotton Oil Co. (Norfolk, Virginia; 1924–continuous
solvent) 1006
Soybean Crushing–Equipment–Hydraulic Presses 647, 689, 1487
Soybean Crushing–Equipment–Screw Presses and Expellers
(Continuous, Mechanical) 1006, 1487, 2759
Soybean Crushing–Equipment–Solvent Extraction 406, 450, 924,
1006, 1487, 2759
Soybean Crushing (General: Soy / Soybean Oil and Soybean Meal)
366, 507, 662, 886, 2499, 2604, 2743
Soybean Crushing, Including Production and Trade of Soybean
Oil, Meal or Cake, Margarine, or Shortening–Industry and Market
Statistics, Trends, and Analyses–406, 529, 1487, 2273, 2547, 2548,
2616, 2630, 2702
Soybean crushing–solvents. See Solvents

Soybean Meal / Cake, Fiber (as from Okara), or Shoyu Presscake as
a Fertilizer or Manure for the Soil or for Fish Ponds–Industrial Uses
109, 112, 146, 164, 173, 187, 211, 303, 320, 323, 406, 491, 601,
617, 939, 1487
Soybean Meal–Etymology of This Term and Its Cognates /
Relatives in Various Languages 109
Soybean Meal (SBM) (Defatted). Formerly Called Bean Cake,
Beancake, Soybean Cake, Oilmeal, or Presscake 109, 112, 142, 156,
164, 170, 173, 177, 184, 187, 188, 211, 303, 318, 320, 323, 329,
354, 406, 426, 491, 529, 601, 617, 622, 646, 672, 675, 690, 699,
723, 766, 841, 913, 924, 939, 1006, 1450, 1487, 1598, 1627, 1658,
1856, 1983, 2034, 2134, 2167, 2227, 2273, 2350, 2513, 2547, 2598,
2616, 2630, 2685, 2694, 2699, 2702, 2725, 2727, 2748, 2759, 2765
Soybean–Morphology, Structure, and Anatomy of the Plant and Its
Seeds 4, 51, 62, 87, 104, 180, 278, 286, 295, 313, 317, 325, 329,
406, 462, 489, 588, 601, 853, 877, 887, 980, 1088, 1089, 1144,
1209, 1260, 1305, 1308, 1330, 1385, 1490, 1507, 1590, 1600, 1664,
1736, 1793, 1936, 1937, 1982, 1999, 2083, 2086, 2134, 2223, 2307,
2355, 2358, 2424, 2444, 2456, 2479, 2549, 2550, 2607, 2641, 2660,
2686, 2841, 2842, 2974, 2984
Soybean–Morphology, Structure, and Anatomy of the Plant and Its
Seeds as Determined by Microscopy or Microscopic Examination
323, 1177, 1238, 1312, 1364, 1614, 1747, 2143, 2363
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Soybean oil. See Soy Oil
Soybean oil constants. See Soy Oil Constants
Soybean paste. See Miso
Soybean–Physiology and Biochemistry (Including Photoperiodism,
Photosynthesis, Translocation, Plant Water Relations, Respiration,
Photorespiration) 172, 182, 188, 225, 244, 275, 277, 283, 284, 287,
288, 289, 290, 293, 296, 304, 307, 309, 317, 324, 331, 340, 341,
342, 344, 345, 346, 348, 351, 352, 353, 354, 355, 356, 357, 358,
361, 362, 365, 368, 369, 372, 373, 374, 375, 376, 378, 379, 380,
381, 386, 387, 389, 390, 392, 393, 394, 395, 397, 398, 401, 402,
403, 410, 411, 412, 415, 416, 417, 423, 424, 425, 426, 428, 429,
430, 433, 434, 435, 436, 437, 439, 440, 441, 442, 443, 444, 445,
449, 451, 452, 453, 454, 455, 457, 458, 463, 464, 465, 466, 469,
470, 471, 472, 473, 474, 477, 478, 480, 481, 483, 486, 487, 488,
490, 492, 493, 494, 497, 498, 499, 501, 502, 504, 508, 509, 510,
513, 514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 525, 527,
528, 530, 531, 532, 533, 534, 535, 536, 538, 539, 540, 541, 542,
543, 544, 546, 547, 548, 549, 552, 555, 556, 557, 558, 559, 562,
563, 564, 565, 566, 568, 569, 570, 574, 575, 576, 577, 578, 580,
581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 594, 595,
597, 598, 599, 603, 604, 605, 607, 608, 611, 612, 615, 616, 619,
623, 624, 625, 626, 627, 628, 631, 632, 633, 634, 636, 640, 648,
650, 651, 652, 653, 654, 655, 656, 657, 658, 659, 661, 663, 665,
667, 674, 676, 677, 680, 681, 683, 684, 686, 687, 692, 694, 696,
702, 703, 705, 706, 707, 709, 710, 711, 713, 714, 715, 716, 717,
718, 719, 724, 725, 726, 727, 728, 729, 730, 732, 733, 734, 736,
739, 740, 741, 742, 743, 744, 745, 747, 748, 749, 750, 752, 753,
754, 755, 756, 757, 758, 760, 762, 763, 764, 765, 767, 768, 771,
774, 775, 776, 777, 778, 779, 780, 782, 783, 785, 787, 788, 789,
790, 792, 793, 794, 795, 796, 798, 799, 800, 802, 804, 805, 808,
813, 814, 815, 816, 818, 821, 823, 824, 825, 826, 827, 828, 829,
830, 831, 832, 833, 835, 836, 837, 838, 839, 842, 843, 844, 848,
849, 850, 851, 852, 854, 855, 857, 858, 859, 860, 862, 864, 866,
867, 869, 871, 872, 873, 874, 876, 877, 881, 882, 883, 884, 885,
887, 888, 889, 890, 892, 893, 894, 895, 896, 897, 898, 900, 901,
902, 903, 904, 905, 906, 907, 908, 909, 911, 912, 914, 915, 916,
917, 918, 919, 921, 923, 924, 925, 926, 927, 928, 930, 931, 932,
933, 934, 935, 936, 938, 941, 942, 943, 944, 945, 946, 947, 948,
949, 950, 952, 953, 955, 956, 957, 958, 959, 961, 962, 963, 965,
966, 967, 969, 970, 971, 973, 974, 976, 977, 978, 979, 980, 981,
982, 983, 984, 985, 986, 987, 988, 989, 990, 991, 992, 993, 994,
995, 996, 1001, 1002, 1003, 1005, 1007, 1008, 1009, 1010, 1015,
1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027,
1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038,
1039, 1040, 1041, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050,
1051, 1052, 1053, 1054, 1057, 1058, 1060, 1061, 1062, 1063, 1064,
1065, 1066, 1067, 1068, 1069, 1070, 1073, 1074, 1075, 1076, 1078,
1079, 1080, 1082, 1083, 1084, 1086, 1087, 1088, 1089, 1090, 1091,
1092, 1094, 1095, 1096, 1097, 1098, 1099, 1100, 1101, 1102, 1103,
1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1114, 1115,
1116, 1118, 1120, 1121, 1122, 1123, 1124, 1125, 1127, 1128, 1129,
1130, 1131, 1132, 1133, 1136, 1137, 1138, 1139, 1140, 1141, 1142,
1143, 1144, 1145, 1146, 1148, 1149, 1150, 1151, 1152, 1153, 1155,
1156, 1157, 1158, 1159, 1161, 1162, 1164, 1165, 1166, 1167, 1168,
1169, 1170, 1171, 1172, 1173, 1174, 1175, 1176, 1177, 1178, 1179,
1180, 1181, 1182, 1183, 1184, 1185, 1187, 1189, 1190, 1191, 1192,
1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203,

1205, 1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215,
1216, 1217, 1218, 1219, 1220, 1221, 1222, 1224, 1225, 1226, 1228,
1229, 1232, 1233, 1235, 1236, 1237, 1238, 1239, 1241, 1243, 1244,
1245, 1246, 1247, 1248, 1249, 1250, 1251, 1252, 1253, 1254, 1256,
1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1267, 1268, 1269,
1270, 1271, 1273, 1274, 1277, 1278, 1280, 1281, 1282, 1283, 1284,
1285, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1298, 1299, 1301,
1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312,
1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323,
1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334,
1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1344, 1345, 1348,
1349, 1350, 1351, 1352, 1353, 1355, 1356, 1357, 1358, 1359, 1360,
1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1371, 1372, 1373,
1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384,
1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396,
1398, 1399, 1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409,
1410, 1411, 1412, 1413, 1414, 1415, 1417, 1418, 1419, 1420, 1421,
1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432,
1433, 1434, 1435, 1436, 1437, 1439, 1441, 1442, 1444, 1445, 1446,
1447, 1448, 1449, 1451, 1452, 1454, 1455, 1456, 1457, 1458, 1459,
1461, 1462, 1463, 1464, 1465, 1466, 1468, 1471, 1475, 1478, 1483,
1485, 1486, 1489, 1490, 1491, 1492, 1494, 1495, 1496, 1497, 1498,
1499, 1500, 1501, 1502, 1503, 1504, 1505, 1507, 1508, 1511, 1512,
1513, 1514, 1516, 1517, 1520, 1522, 1523, 1524, 1525, 1527, 1529,
1530, 1531, 1533, 1534, 1535, 1536, 1537, 1538, 1539, 1540, 1541,
1545, 1546, 1547, 1548, 1549, 1550, 1551, 1552, 1553, 1554, 1556,
1561, 1562, 1563, 1564, 1565, 1566, 1567, 1568, 1569, 1570, 1571,
1572, 1574, 1575, 1576, 1577, 1578, 1579, 1581, 1582, 1583, 1584,
1585, 1586, 1587, 1588, 1589, 1590, 1591, 1592, 1593, 1594, 1595,
1596, 1597, 1602, 1603, 1604, 1605, 1606, 1607, 1609, 1610, 1611,
1612, 1613, 1614, 1615, 1616, 1617, 1619, 1620, 1622, 1623, 1624,
1625, 1628, 1630, 1631, 1632, 1633, 1634, 1635, 1636, 1637, 1638,
1639, 1640, 1641, 1642, 1644, 1647, 1648, 1649, 1650, 1652, 1653,
1654, 1655, 1656, 1657, 1659, 1660, 1661, 1663, 1664, 1665, 1666,
1667, 1669, 1671, 1672, 1673, 1674, 1675, 1678, 1679, 1681, 1682,
1684, 1685, 1686, 1687, 1688, 1689, 1691, 1692, 1695, 1696, 1697,
1700, 1701, 1702, 1703, 1704, 1705, 1706, 1707, 1711, 1713, 1714,
1715, 1716, 1719, 1722, 1724, 1725, 1726, 1727, 1730, 1731, 1732,
1733, 1734, 1735, 1736, 1737, 1739, 1740, 1741, 1742, 1743, 1744,
1745, 1747, 1754, 1756, 1757, 1758, 1759, 1761, 1762, 1766, 1768,
1770, 1771, 1772, 1773, 1774, 1775, 1776, 1777, 1779, 1782, 1783,
1784, 1787, 1788, 1790, 1792, 1794, 1795, 1796, 1797, 1798, 1801,
1802, 1803, 1804, 1805, 1809, 1810, 1813, 1814, 1815, 1816, 1817,
1818, 1819, 1820, 1821, 1824, 1826, 1827, 1828, 1829, 1831, 1832,
1833, 1837, 1838, 1839, 1840, 1841, 1842, 1846, 1848, 1850, 1851,
1852, 1854, 1855, 1859, 1860, 1861, 1862, 1863, 1864, 1868, 1869,
1870, 1871, 1872, 1873, 1875, 1877, 1879, 1880, 1883, 1884, 1885,
1890, 1891, 1892, 1893, 1894, 1895, 1897, 1899, 1900, 1903, 1905,
1906, 1907, 1908, 1909, 1910, 1911, 1912, 1913, 1914, 1915, 1917,
1918, 1919, 1920, 1921, 1922, 1923, 1925, 1926, 1927, 1929, 1931,
1932, 1933, 1934, 1936, 1937, 1940, 1941, 1942, 1943, 1946, 1948,
1949, 1950, 1952, 1953, 1957, 1958, 1959, 1960, 1961, 1962, 1963,
1964, 1966, 1967, 1968, 1970, 1972, 1973, 1975, 1976, 1977, 1978,
1979, 1980, 1982, 1983, 1986, 1988, 1990, 1992, 1993, 1994, 1995,
1997, 1999, 2000, 2001, 2002, 2005, 2007, 2008, 2011, 2012, 2013,
2014, 2016, 2017, 2018, 2020, 2021, 2022, 2024, 2025, 2027, 2030,
2032, 2033, 2036, 2037, 2039, 2040, 2041, 2042, 2043, 2044, 2045,
2046, 2047, 2050, 2051, 2052, 2053, 2055, 2056, 2057, 2058, 2060,
2061, 2063, 2064, 2065, 2066, 2070, 2071, 2072, 2073, 2074, 2075,
2076, 2077, 2078, 2082, 2083, 2084, 2085, 2088, 2089, 2090, 2092,
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2093, 2094, 2095, 2097, 2098, 2100, 2101, 2102, 2103, 2104, 2105,
2106, 2107, 2108, 2109, 2112, 2114, 2118, 2120, 2121, 2124, 2125,
2127, 2128, 2130, 2131, 2135, 2137, 2139, 2140, 2142, 2143, 2144,
2145, 2146, 2147, 2148, 2149, 2151, 2154, 2157, 2158, 2160, 2161,
2162, 2163, 2166, 2167, 2170, 2171, 2172, 2173, 2174, 2175, 2176,
2179, 2181, 2182, 2184, 2188, 2189, 2191, 2192, 2193, 2194, 2195,
2196, 2197, 2198, 2199, 2200, 2201, 2202, 2203, 2205, 2208, 2209,
2211, 2212, 2214, 2215, 2217, 2218, 2219, 2220, 2221, 2222, 2226,
2227, 2228, 2232, 2242, 2243, 2244, 2246, 2247, 2248, 2252, 2253,
2258, 2259, 2261, 2263, 2264, 2268, 2270, 2271, 2281, 2285, 2287,
2288, 2290, 2291, 2292, 2293, 2294, 2297, 2298, 2304, 2307, 2310,
2312, 2314, 2315, 2316, 2318, 2322, 2323, 2324, 2325, 2327, 2328,
2329, 2332, 2333, 2335, 2337, 2343, 2344, 2345, 2347, 2349, 2352,
2359, 2360, 2363, 2364, 2366, 2368, 2369, 2370, 2373, 2376, 2378,
2380, 2382, 2383, 2385, 2387, 2389, 2390, 2392, 2393, 2395, 2397,
2401, 2403, 2404, 2411, 2412, 2414, 2415, 2418, 2419, 2420, 2421,
2423, 2424, 2427, 2429, 2431, 2432, 2433, 2434, 2435, 2437, 2438,
2439, 2441, 2445, 2452, 2453, 2456, 2460, 2462, 2463, 2464, 2465,
2467, 2469, 2470, 2472, 2473, 2474, 2475, 2476, 2477, 2479, 2480,
2481, 2482, 2483, 2486, 2487, 2489, 2490, 2491, 2494, 2496, 2497,
2498, 2500, 2501, 2502, 2503, 2505, 2506, 2507, 2509, 2510, 2511,
2512, 2513, 2517, 2518, 2519, 2520, 2521, 2523, 2525, 2526, 2527,
2529, 2530, 2531, 2533, 2535, 2538, 2540, 2543, 2544, 2547, 2548,
2553, 2554, 2555, 2556, 2557, 2558, 2559, 2560, 2563, 2564, 2565,
2569, 2570, 2571, 2575, 2576, 2578, 2579, 2580, 2581, 2583, 2584,
2587, 2589, 2596, 2597, 2599, 2601, 2602, 2604, 2607, 2608, 2609,
2611, 2612, 2618, 2620, 2621, 2622, 2624, 2625, 2629, 2632, 2633,
2634, 2635, 2638, 2640, 2643, 2645, 2646, 2647, 2648, 2649, 2652,
2653, 2654, 2655, 2657, 2661, 2664, 2668, 2669, 2670, 2671, 2672,
2675, 2676, 2678, 2686, 2688, 2689, 2695, 2703, 2704, 2705, 2706,
2712, 2714, 2719, 2724, 2729, 2730, 2734, 2735, 2736, 2739, 2740,
2741, 2742, 2743, 2744, 2745, 2747, 2757, 2758, 2763, 2764, 2766,
2767, 2769, 2772, 2774, 2775, 2776, 2784, 2785, 2788, 2790, 2793,
2798, 2800, 2805, 2806, 2807, 2808, 2810, 2812, 2813, 2816, 2819,
2821, 2822, 2824, 2826, 2827, 2828, 2829, 2830, 2832, 2836, 2838,
2839, 2843, 2844, 2845, 2846, 2848, 2852, 2854, 2855, 2856, 2858,
2861, 2862, 2863, 2866, 2869, 2870, 2871, 2872, 2874, 2875, 2877,
2881, 2883, 2884, 2885, 2888, 2890, 2892, 2894, 2898, 2900, 2903,
2904, 2905, 2911, 2912, 2913, 2914, 2916, 2918, 2921, 2922, 2923,
2929, 2933, 2934, 2935, 2936, 2940, 2943, 2946, 2948, 2950, 2952,
2960, 2961, 2963, 2966, 2968, 2970, 2972, 2974, 2978, 2980, 2981,
2982, 2983, 2984, 2985, 2986, 2988, 2989, 2992, 2993, 2994, 2996,
2998, 2999, 3000, 3001, 3002, 3003, 3004, 3005, 3006, 3009, 3010,
3011, 3014

2573, 2577, 2588, 2590, 2591, 2592, 2593, 2594, 2603, 2605, 2610,
2613, 2614, 2617, 2619, 2636, 2637, 2639, 2642, 2644, 2651, 2663,
2665, 2673, 2679, 2681, 2683, 2684, 2685, 2687, 2691, 2692, 2693,
2694, 2696, 2698, 2700, 2704, 2707, 2710, 2711, 2715, 2716, 2717,
2725, 2733, 2740, 2746, 2750, 2751, 2752, 2753, 2755, 2756, 2759,
2760, 2761, 2765, 2768, 2770, 2773, 2778, 2779, 2780, 2782, 2783,
2786, 2787, 2789, 2794, 2795, 2796, 2797, 2799, 2802, 2803, 2806,
2809, 2811, 2817, 2823, 2825, 2849, 2850, 2851, 2857, 2867, 2868,
2873, 2876, 2879, 2886, 2889, 2891, 2893, 2895, 2899, 2902, 2908,
2910, 2917, 2920, 2924, 2925, 2927, 2928, 2930, 2931, 2935, 2937,
2938, 2939, 2941, 2942, 2944, 2945, 2949, 2955, 2957, 2958, 2965,
2969, 2973, 2975, 2976, 2979, 2987, 2990, 2991, 2995, 2997

Soybean–Physiology and Biochemistry–Maturity Groups 746, 784,
803, 806, 819, 820, 845, 847, 856, 878, 880, 919, 920, 937, 1004,
1006, 1012, 1013, 1077, 1085, 1126, 1135, 1186, 1188, 1255, 1265,
1266, 1297, 1300, 1343, 1346, 1347, 1370, 1400, 1416, 1440, 1453,
1460, 1484, 1487, 1490, 1493, 1573, 1608, 1626, 1712, 1720, 1723,
1728, 1746, 1749, 1755, 1786, 1789, 1799, 1822, 1835, 1836, 1845,
1847, 1856, 1858, 1866, 1867, 1878, 1881, 1882, 1902, 1916, 1924,
1928, 1930, 1938, 1939, 1944, 1951, 1965, 1985, 1996, 1998, 2004,
2006, 2015, 2023, 2035, 2048, 2054, 2068, 2079, 2086, 2087, 2103,
2110, 2117, 2118, 2119, 2155, 2164, 2171, 2185, 2187, 2190, 2210,
2229, 2231, 2241, 2245, 2249, 2250, 2251, 2252, 2256, 2257, 2260,
2265, 2269, 2277, 2278, 2280, 2283, 2284, 2286, 2302, 2321, 2326,
2332, 2333, 2338, 2339, 2340, 2348, 2361, 2365, 2374, 2378, 2379,
2387, 2388, 2408, 2409, 2410, 2428, 2433, 2449, 2450, 2457, 2458,
2459, 2466, 2468, 2471, 2499, 2522, 2536, 2552, 2553, 2562, 2567,

Soybean–Physiology–Photoperiod Insensitivity / Daylength
Neutrality 822, 870, 1055, 1204, 1227, 1354, 1361, 1506, 1621,
1738, 1780, 1812, 1924, 1930, 1947, 1954, 1955, 1956, 1987, 2015,
2023, 2049, 2062, 2083, 2087, 2116, 2118, 2136, 2236, 2263, 2267,
2275, 2282, 2308, 2320, 2333, 2341, 2377, 2384, 2406, 2411, 2446,
2484, 2485, 2508, 2515, 2534, 2537, 2551, 2663, 2680, 2701, 2708,
2722, 2732, 2748, 2804, 2820, 2853, 2901, 2934, 2946, 2951, 2953,
2956, 2964, 2969, 2971, 2997, 3011, 3012

Soybean–Physiology–Day-Neutral / Photoperiod Insensitive
Soybean Varieties 690, 998, 999, 1204, 1227, 1693, 1733, 1738,
1924, 1930, 1954, 2015, 2023, 2083, 2116, 2118, 2136, 2236, 2267,
2275, 2282, 2308, 2377, 2384, 2406, 2411, 2446, 2484, 2485, 2508,
2515, 2534, 2537, 2663, 2680, 2857, 2901, 2969
Soybean–Physiology–Drought Tolerance 83, 85, 87, 88, 91, 93, 94,
114, 116, 119, 120, 121, 123, 124, 126, 128, 129, 130, 131, 132,
133, 137, 138, 139, 140, 141, 146, 147, 148, 149, 151, 153, 154,
156, 165, 168, 184, 189, 194, 197, 198, 199, 200, 201, 202, 203,
204, 206, 207, 212, 214, 215, 216, 221, 223, 227, 228, 229, 231,
232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 245, 246, 247,
248, 249, 250, 251, 252, 253, 256, 258, 259, 260, 261, 264, 271,
322, 400, 484, 553, 627, 630, 769, 1097, 1249, 1259, 1285, 1479,
1580, 2313, 2346, 2372, 2595, 2609, 2682, 2713, 2791, 2808, 2843,
2875, 2882, 2915, 3001, 3006
Soybean Physiology–Etymology of Key Terms and Relatives in
Various Languages 998, 999, 1000, 1924, 1930, 2023, 2236, 2708,
2732, 2804
Soybean–Physiology–Moisture Tolerance 133, 139, 227, 255, 273,
274, 322
Soybean–Physiology–Mycorrhiza / Mycorrhizae / Mycorrhizal
Relations with Vesicular-Arbuscular Soil Fungi of the Genus
Glomus or Endogone 422, 447, 448, 610, 809, 910, 1071, 1286,
1473, 1528, 1765, 1785, 1843, 1868, 1874, 1886, 1904, 1915, 1969,
1989, 2009, 2207, 2230, 2274, 2289, 2303, 2317, 2353, 2358, 2367,
2383, 2386, 2391, 2398, 2402, 2495, 2504, 2550, 2627, 2726, 2738,
2801, 2833, 2840, 2842, 2847, 2864, 2877, 2878, 2887, 2897, 2932

Soybean–Physiology–Photoperiodism / Photoperiod, Photoperiodic
Effects, or Photo-Thermal Responses 382, 403, 408, 434, 446, 465,
475, 503, 545, 550, 592, 603, 609, 614, 637, 639, 641, 658, 660,
664, 666, 667, 668, 669, 677, 682, 685, 689, 690, 691, 699, 700,
708, 712, 716, 717, 729, 741, 744, 751, 756, 766, 771, 781, 786,
788, 796, 811, 812, 822, 827, 831, 838, 839, 840, 846, 852, 853,
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859, 863, 868, 875, 892, 899, 922, 939, 940, 951, 954, 960, 968,
975, 998, 999, 1000, 1011, 1016, 1021, 1044, 1055, 1067, 1081,
1093, 1098, 1119, 1134, 1135, 1163, 1175, 1204, 1219, 1227, 1234,
1240, 1258, 1272, 1275, 1279, 1287, 1328, 1354, 1375, 1396, 1397,
1401, 1450, 1470, 1472, 1477, 1478, 1480, 1481, 1482, 1497, 1506,
1521, 1526, 1531, 1532, 1542, 1544, 1555, 1587, 1596, 1598, 1600,
1627, 1629, 1643, 1655, 1660, 1670, 1687, 1688, 1693, 1729, 1735,
1742, 1753, 1760, 1767, 1780, 1782, 1808, 1811, 1830, 1845, 1853,
1856, 1865, 1866, 1887, 1924, 1930, 1947, 1971, 1974, 1985, 1987,
2006, 2009, 2019, 2023, 2026, 2067, 2069, 2087, 2111, 2115, 2119,
2126, 2133, 2134, 2140, 2153, 2165, 2169, 2178, 2198, 2204, 2206,
2223, 2225, 2227, 2229, 2252, 2253, 2273, 2279, 2296, 2299, 2300,
2301, 2308, 2309, 2311, 2312, 2319, 2320, 2333, 2334, 2338, 2342,
2362, 2387, 2394, 2400, 2410, 2413, 2420, 2422, 2426, 2427, 2430,
2436, 2446, 2448, 2451, 2453, 2454, 2457, 2458, 2471, 2488, 2508,
2515, 2516, 2528, 2532, 2537, 2551, 2566, 2572, 2577, 2582, 2588,
2598, 2606, 2615, 2626, 2662, 2666, 2674, 2690, 2699, 2701, 2707,
2709, 2721, 2723, 2725, 2727, 2744, 2745, 2771, 2780, 2804, 2810,
2811, 2815, 2818, 2820, 2831, 2857, 2865, 2900, 2901, 2925, 2954,
2956, 2977, 2997, 3005, 3013
Soybean–Physiology–Tolerance to Cold, Chilling, or Low
Temperatures, and Cold Tolerant Varieties 1, 87, 129, 131, 137, 138,
149, 184, 256, 301, 322, 384, 400, 929, 1800, 1848, 1987, 2029,
2034, 2091, 2127, 2138, 2171, 2190, 2212, 2213, 2215, 2220, 2238,
2239, 2270, 2275, 2276, 2287, 2306, 2337, 2364, 2371, 2382, 2396,
2406, 2433, 2440, 2443, 2475, 2478, 2499, 2514, 2546, 2554, 2667,
2697, 2701, 2718, 2762, 2792, 2814, 2830, 2837, 2906, 2926, 2966,
2996

2410, 2432, 2436, 2438, 2468, 2508, 2513, 2522, 2540, 2547, 2553,
2582, 2595, 2604, 2624, 2629, 2660, 2698, 2720, 2725, 2756, 2764,
2930, 2964
Soybean production in tropical and subtropical countries. See
Tropical and Subtropical Countries, Soybean Production in (Mostly
in
Soybean Production–Industry and Market Statistics, Trends, and
Analyses 1811, 2228, 2493, 2548, 2567, 2569, 2595, 2606, 2616,
2630, 2641, 2702, 2756
Soybean production–Marketing. See Chicago Board of Trade
(CBOT), Marketing Soybeans
Soybean production–Nitrogen fixation. See Nitrogen Fixation,
Inoculation, Nodulation–Etymology of Related Terms
Soybean production–Nitrogen Fixation and Inoculation. See
Nitragin Inoculant and The Nitragin Company
Soybean production, organic. See Organic Soybean Production
Soybean production–Plant protection. See Diseases (Bacterial,
Fungal, and Viral / Virus), Insects–Pest Control. See also:
Integrated Pest Management, Integrated Pest Management (IPM)
and Biological Control, Nematodes–Disease Control, Pesticides
(General), Weeds–Control and Herbicide Use
Soybean production–Research. See Research on Soybeans

Soybean processing. See Soybean Crushing
Soybean production. See–Fertilizers and Plant Nutrition, Cover
Crop, Use of Soybean as. See also: Intercropping, Crop Rotation
of Soybean Plants for Soil Improvement, Cropping Systems:
Intercropping, Interplanting, or Mixed Cropping, Cultural Practices,
Green Manure, Harvesting and Threshing, Identity Preserved /
Preservation, Organically Grown Soybeans, Plant Protection from
Diseases, Pests and Other Types of Injury (General), Price of
Soybeans, Soybean Seeds and Soybean Products–Except Sauces
(Which See), Seed Germination or Viability–Not Including Soy
Sprouts, Seed Quality, Seed Treatment, Yield Statistics, Soybean
Soybean production and the soil. See Soil Science
Soybean production–Costs. See Cost of Producing Soybeans
Soybean production–Farm equipment. See Machinery
(Agricultural), Implements, Equipment, and Mechanization
Soybean production–Farm machinery. See Combines, Farm
Machinery–Etymology

Soybean Production–Sustainability or Sustainable Agriculture 2726,
2732, 2802, 2896, 2897, 2961
Soybean Research Foundation, Inc. (SRF, Mason City, Illinois)
1847, 1865, 1955, 2035, 2069, 2436
Soybean Rust (Fungal Disease) 2004, 2049, 2062, 2086, 2111,
2165, 2294, 2341, 2398, 2411, 2536, 2616
Soybean Seeds–Black in Color–Etymology of This Term and Its
Cognates / Relatives in Various Languages 54, 106
Soybean Seeds–Black in Color. Food Use is Not Mentioned 2, 3, 9,
54, 60, 75, 105, 106, 116, 119, 120, 126, 131, 134, 140, 146, 150,
155, 166, 171, 180, 183, 184, 194, 211, 214, 221, 227, 243, 253,
255, 266, 268, 297, 302, 307, 310, 311, 312, 313, 317, 320, 325,
329, 330, 334, 337, 338, 340, 342, 344, 345, 350, 366, 370, 385,
387, 394, 406, 409, 417, 421, 429, 446, 462, 473, 483, 489, 542,
558, 601, 602, 668, 675, 685, 695, 735, 779, 822, 826, 841, 864,
877, 913, 937, 1006, 1346, 1416, 1460, 1573, 1621, 1691, 1789,
1812, 1830, 1847, 1902, 1947, 1985, 2069, 2134, 2164, 2204, 2335,
2371, 2384, 2459, 2534, 2536, 2562, 2592, 2681, 2683, 2768, 2787

Soybean production–Farm Machinery. See Tractors
Soybean Production–General, and Amount Produced 1, 16, 31, 36,
61, 81, 84, 156, 173, 256, 263, 295, 328, 388, 396, 491, 571, 622,
668, 695, 721, 810, 844, 875, 918, 939, 1006, 1016, 1160, 1416,
1455, 1542, 1559, 1573, 1616, 1618, 1763, 1807, 1965, 1983, 2069,
2167, 2180, 2226, 2237, 2271, 2295, 2297, 2298, 2340, 2341, 2374,

Soybean Seeds–Black in Color. Used as Food (Including in
Fermented Black Soybeans and Inyu), Beverage, Feed, or
Medicine, or Their Nutritional Value 4, 5, 6, 12, 17, 109, 112, 125,
142, 156, 299, 323, 407, 621, 1709
Soybean Seeds–Brown in Color. Especially Early Records 3, 62,
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77, 99, 106, 118, 126, 139, 140, 142, 156, 166, 171, 180, 188, 197,
211, 214, 307, 310, 312, 313, 315, 320, 323, 325, 329, 330, 337,
338, 344, 345, 366, 385, 394, 409, 421, 601, 675, 937, 1346, 1847,
2562, 2592, 2768

Soybean Varieties Canada–O.A.C. 211–Early Development 735,
1346, 1847, 2086, 2562, 2768, 2792

Soybean Seeds–Green in Color. Food Use is Not Mentioned. Early
Named Varieties Include Aoda, Columbia, Giant Green, Guelph or
Medium Green, Medium Early Green, Medium Green, Samarow,
Sonoma, and Tashing 4, 5, 6, 99, 106, 126, 131, 142, 166, 171, 183,
211, 266, 307, 310, 312, 313, 315, 317, 320, 323, 325, 330, 337,
338, 366, 367, 385, 409, 421, 462, 601, 937, 1346, 1709, 1789,
1847, 2164, 2562, 2592, 2768

Soybean Varieties Europe–Gelbe Riesen (“Yellow Giant” / Giant
Yellow)–Early Introduction 366, 864, 1346, 2592

Soybean Seeds–Green in Color. Used as Food, Beverage, Feed, or
Medicine, or Their Nutritional Value 310, 1985
Soybean Seeds–Mottled, Speckled, Spotted, Striped, Banded,
Flecked, Variegated, or Bicolored 3, 4, 99, 106, 142, 155, 166, 171,
180, 183, 211, 313, 315, 317, 325, 330, 337, 338, 366, 409, 414,
421

Soybean Varieties Canada–Quebec No. 92–Early Development 735

Soybean Varieties USA–Acme–Early Introduction 313, 1453, 1726,
1985, 2086, 2139, 2592, 2593, 2755, 2768, 2901
Soybean Varieties USA–Agate–Large-Seeded and / or VegetableType 685, 745, 925, 937, 998, 1346, 1423, 1472, 1835, 1847, 2086,
2204, 2459, 2562, 2683, 2768, 2787
Soybean Varieties USA–A.K.–Early Introduction 937, 1006, 1346,
1789, 1835, 1939, 2164, 2681
Soybean Varieties USA–Aksarben–Early Introduction 409, 489,
601, 602, 841, 937, 1346, 1812, 1847, 2086, 2562, 2768

Soybean Seeds–Red in Color 1, 3, 99, 118, 131, 155, 166, 171, 183,
317, 325

Soybean Varieties USA–American Coffee Berry–Early
Introduction. Renamed Ito-San by about 1902 267

Soybean Seeds–White in Color 2, 3, 4, 5, 8, 9, 12, 19, 31, 54, 60,
67, 75, 77, 89, 109, 112, 131, 142, 155, 166, 171, 180, 183, 194,
211, 214, 268, 297, 312, 334, 371, 407

Soybean Varieties USA–Amherst–Early Introduction 340, 489, 601,
1346, 2592

Soybean Seeds–Yellow in Color. Including Yellowish White, Cream
Colored, and Pale (Pallida). Especially Early Records. See also:
Soybean Seeds–White 2, 3, 4, 38, 77, 106, 109, 112, 113, 114, 116,
126, 139, 140, 142, 147, 155, 156, 166, 171, 183, 188, 197, 199,
204, 211, 214, 225, 253, 259, 266, 268, 288, 307, 310, 312, 313,
315, 317, 320, 323, 329, 330, 337, 338, 340, 342, 366, 367, 385,
394, 407, 409, 421, 601, 675, 937, 1346, 1460, 1812, 1845, 1847,
2164, 2250, 2251, 2335, 2536, 2562, 2681, 2768, 2792
Soybean Seedsmen in the Austro-Hungarian Empire 137

Soybean Varieties USA–Aoda–Large-Seeded and / or VegetableType 937, 1346, 1746, 1789, 1835, 1847, 2086, 2379, 2459, 2562,
2683, 2768
Soybean Varieties USA–Arlington–Early Introduction 429, 489,
601, 841, 937, 1346, 2086, 2164, 2562
Soybean Varieties USA–Asahi–Early Introduction 268
Soybean Varieties USA–Auburn–Early Selection (1907) 313, 366,
489, 601, 1346, 2592

Soybean–Taxonomy / Classification 8, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 24, 26, 28, 32, 33, 35, 36, 38, 39, 41, 42, 44,
45, 53, 54, 57, 58, 59, 60, 67, 68, 70, 74, 76, 90, 92, 95, 96, 98, 100,
101, 103, 104, 105, 106, 115, 117, 127, 135, 144, 175, 176, 180,
185, 191, 222, 230, 276, 281, 312, 313, 314, 317, 318, 325, 326,
336, 350, 406, 460, 461, 462, 476, 489, 495, 537, 593, 600, 679,
891, 913, 1474, 1600, 1857, 1896, 1901, 2123, 2133, 2237, 2260,
2330, 2355, 2357, 2358, 2411, 2486, 2607, 2623, 2650, 2660, 2686

Soybean Varieties USA–Austin–Early Introduction 313, 366, 601,
841, 937, 1346, 2086, 2164, 2562

Soybean Varieties Canada–Harosoy 1346, 1404, 1453, 1493, 1729,
1751, 1847, 1985, 2086, 2379, 2534, 2551, 2593, 2691, 2701, 2755,
2768, 2782, 2902

Soybean Varieties USA–Bansei–Large-Seeded and / or VegetableType 735, 876, 937, 1013, 1346, 1453, 1812, 1822, 1847, 2086,
2379, 2459, 2562, 2683, 2768

Soybean Varieties Canada–Harovinton–Large-Seeded and / or
Vegetable-Type 2691, 2705, 2716, 2782

Soybean Varieties USA–Barchet–Early Introduction 313, 329, 379,
409, 489, 601, 675, 841, 1016, 1346, 1812, 2086, 2164, 2536, 2562

Soybean Varieties Canada–Maple Arrow 2257, 2377, 2443, 2477,
2534, 2593, 2697, 2701, 2704, 2755, 2792, 2966

Soybean Varieties USA–Best Green–Early Introduction. Renamed
Hope by 1910 268, 1346

Soybean Varieties Canada–O.A.C. 111–Early Development 2792

Soybean Varieties USA–Biloxi–Early Introduction 379, 382, 403,
408, 409, 421, 489, 503, 515, 601, 609, 637, 639, 641, 655, 658,

Soybean Varieties USA–Baird–Early Introduction 337, 338, 421,
1346, 2592
Soybean Varieties USA–Bakaziro / Bakajiro–Early Introduction.
Renamed Amherst by May 1907 1346
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660, 664, 675, 677, 682, 685, 707, 708, 709, 712, 717, 718, 729,
731, 735, 739, 745, 751, 771, 777, 778, 799, 831, 852, 859, 892,
925, 934, 937, 954, 956, 998, 1000, 1081, 1084, 1093, 1119, 1219,
1223, 1244, 1255, 1328, 1346, 1397, 1423, 1471, 1472, 1477, 1478,
1564, 1587, 1615, 1619, 1629, 1635, 1643, 1655, 1660, 1669, 1685,
1688, 1808, 1812, 1830, 1858, 2086, 2164, 2204, 2227, 2335, 2338,
2387, 2536, 2562, 2592, 2681, 2699, 2727, 2779
Soybean Varieties USA–Black–Early Introduction. Renamed
Buckshot by May 1907 841
Soybean Varieties USA–Black Eyebrow–Early Introduction 379,
409, 421, 489, 539, 558, 601, 602, 877, 937, 1006, 1346, 1847,
2086, 2164, 2562, 2768
Soybean Varieties USA–Brindle–Early Introduction 313, 1346,
2592
Soybean Varieties USA–Brooks–Early Introduction 313, 366, 489,
601, 841, 1346, 2592

Type 1749, 1847, 1985, 2069, 2086, 2379, 2459, 2593, 2694, 2700,
2782
Soybean Varieties USA–Duggar–Early Introduction 329, 1346,
2592
Soybean Varieties USA–Dunfield–Early Introduction 483, 601, 602,
675, 736, 740, 784, 797, 801, 803, 807, 819, 820, 826, 841, 864,
880, 882, 894, 895, 919, 937, 965, 968, 1006, 1016, 1255, 1346,
1440, 1789, 1847, 1939, 1956, 2069, 2086, 2164, 2250, 2251, 2339,
2536, 2562, 2681, 2768, 2779
Soybean Varieties USA–Early Black–Early Introduction. Renamed
Buckshot by May 1907 387, 489, 601, 1346
Soybean Varieties USA–Early Brown–Early Introduction 307, 312,
313, 330, 344, 345, 366, 378, 391, 409, 489, 601, 877, 937, 1006,
1346, 2592
Soybean Varieties USA–Early Green–Early Introduction 312, 320,
489, 601, 937, 1346

Soybean Varieties USA–Brown–Early Introduction 256, 601
Soybean Varieties USA–Brownie–Early Introduction 337, 338, 421,
1346, 2592
Soybean Varieties USA–Buckshot–Early Introduction 307, 310,
313, 320, 340, 366, 406, 409, 489, 601, 1346, 2592
Soybean Varieties USA–Butterball–Early Introduction 313, 366,
406, 409, 1346, 2592
Soybean Varieties USA–Chame–Large-Seeded and / or VegetableType 937, 1346, 2592
Soybean Varieties USA–Chernie–Early Introduction 313, 337, 338,
366, 421, 489, 601, 937, 2592
Soybean Varieties USA–Cherokee–Large-Seeded and / or
Vegetable-Type 843, 937, 1346, 2086, 2459, 2536, 2562
Soybean Varieties USA–Chestnut–Early Selection (1907) 313, 366,
409, 489, 601, 841, 937, 1346, 1789, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Early White–Early Introduction. Renamed
Ito-San by about 1902 312, 1346, 2086
Soybean Varieties USA–Early Yellow–Early Introduction. Renamed
Ito San by about 1902 259, 268, 288, 312, 330, 601, 937, 1346,
2792
Soybean Varieties USA–Easycook / Easy Cook–Early Introduction.
Large-Seeded and/or Vegetable-Type 379, 409, 489, 601, 675, 723,
841, 937, 1346, 1453, 2086, 2164, 2536, 2562, 2683
Soybean Varieties USA–Ebony–Early Introduction 313, 337, 338,
409, 421, 489, 601, 841, 937, 1346, 1494, 1789, 1847, 2086, 2164,
2562, 2768
Soybean Varieties USA–Eda–Early Introduction 313, 340, 406, 489,
601, 1346, 2592
Soybean Varieties USA–Eda Mame–Early Introduction. Renamed
Ito San by 1910 197, 204, 214, 1346
Soybean Varieties USA–Edna–Early Introduction 2592

Soybean Varieties USA–Chiquita–Early Introduction 379, 409, 489,
601, 675, 841, 937, 1346, 2592
Soybean Varieties USA–Chusei–Large-Seeded and / or VegetableType 841, 937, 1346, 1789, 1847, 2086, 2459, 2562, 2683, 2768
Soybean Varieties USA–Cloud–Early Introduction 313, 489, 601,
1346, 1789, 1847, 2086, 2164, 2562, 2768
Soybean Varieties USA–Columbia / Columbian–Early Introduction
409, 489, 601, 937, 1346, 1789, 1847, 2086, 2164, 2562, 2768
Soybean Varieties USA–Delsoy–Large-Seeded and / or VegetableType 937, 1346, 2086, 2459, 2536, 2562, 2691, 2692, 2752
Soybean Varieties USA–Disoy–Large-Seeded and / or Vegetable-

Soybean Varieties USA–Edsoy–Large-Seeded and / or VegetableType 937, 1346
Soybean Varieties USA–Edward–Early Introduction 313, 489, 601,
1346, 2592
Soybean Varieties USA–Elton–Early Introduction 313, 366, 409,
489, 601, 602, 937, 1346, 1847, 2086, 2164, 2562, 2768
Soybean Varieties USA–Emerald–Large-Seeded and / or VegetableType 2379, 2593, 2694, 2700, 2782
Soybean Varieties USA–Emperor–Large-Seeded and / or VegetableType 937, 1013, 1346, 1453, 1789, 1847, 2086, 2459, 2562, 2683,
2768
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Soybean Varieties USA–Etum or Eatum–Large-Seeded and / or
Vegetable-Type 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768,
2787, 2902

Soybean Varieties USA–Guelph–Early Introduction 307, 310, 312,
313, 320, 337, 338, 340, 366, 406, 409, 421, 489, 601, 937, 1346,
1789, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Extra Early Black–Early Introduction.
Synonym: Buckshot (Ball 1907) 366, 1346

Soybean Varieties USA–Habaro–Early Introduction. Also spelled
“Habara” in Canada 409, 489, 570, 601, 602, 841, 937, 1188, 1346,
1847, 2086, 2164, 2562, 2768, 2792

Soybean Varieties USA–Extra Early Dwarf–Early Introduction 268
Soybean Varieties USA–Fairchild–Early Introduction 337, 338,
421, 489, 601, 1346, 2592
Soybean Varieties USA–Farnham–Early Introduction 313, 1346,
2592

Soybean Varieties USA–Haberlandt–Early Introduction 307, 313,
329, 337, 338, 340, 366, 409, 421, 489, 601, 638, 841, 880, 937,
968, 1188, 1346, 1956, 1985, 2069, 2086, 2164, 2250, 2251, 2335,
2362, 2536, 2562, 2681

Soybean Varieties USA–Flat Black–Early Introduction. Renamed
Flat King by May 1907 1346

Soybean Varieties USA–Hahto–Early Introduction. Large-Seeded
and / or Vegetable-Type 379, 409, 489, 601, 675, 723, 841, 937,
1016, 1346, 1789, 1847, 2086, 2164, 2379, 2536, 2562, 2683, 2710,
2787

Soybean Varieties USA–Flat King–Early Introduction 313, 1346,
2592

Soybean Varieties USA–Hakote–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2768

Soybean Varieties USA–Flava–Early Selection (1907) 313, 1346,
2592

Soybean Varieties USA–Hamilton–Early Introduction 409, 489,
601, 841, 937, 1346, 2592, 2691

Soybean Varieties USA–Fuji–Large-Seeded and / or VegetableType 630, 937, 1013, 1346, 1453, 1847, 2086, 2459, 2562, 2683,
2768

Soybean Varieties USA–Hankow–Early Introduction 1346, 2592

Soybean Varieties USA–Funk Delicious–Large-Seeded and / or
Vegetable-Type 630, 937, 1013, 1346, 1453, 1789, 1847, 2086,
2562, 2683, 2768
Soybean Varieties USA–Gardensoy–Large-Seeded and / or
Vegetable-Type 2850, 2851, 2891, 2902, 2944
Soybean Varieties USA–German Coffee Berry–Early Introduction.
Renamed Ito-San by about 1902 274, 1346
Soybean Varieties USA–Giant Green–Large-Seeded and / or
Vegetable-Type 630, 1013, 1016, 1346, 1453, 1835, 1847, 2086,
2457, 2562, 2683, 2768
Soybean Varieties USA–Goku–Large-Seeded and / or VegetableType 937, 1346, 1835, 1847, 2086, 2459, 2683, 2768
Soybean Varieties USA–Gosha–Early Introduction. Renamed
Manhattan by May 1907 1346
Soybean Varieties USA–Grande–Large-Seeded and / or VegetableType 2155, 2379, 2593, 2694, 2700, 2782
Soybean Varieties USA–Green and Black–Large-Seeded and / or
Vegetable-Type 1346, 1789, 1847, 2086, 2459, 2562, 2683, 2768,
2787

Soybean Varieties USA–Hansen–Early Introduction 340, 1346,
2592
Soybean Varieties USA–Higan–Large-Seeded and / or VegetableType 630, 937, 1013, 1346, 1453, 1789, 1847, 2086, 2379, 2459,
2562, 2681, 2683, 2768
Soybean Varieties USA–Hiro–Large-Seeded and / or VegetableType 937, 1346, 2592
Soybean Varieties USA–Hokkaido–Large-Seeded and / or
Vegetable-Type 630, 822, 841, 937, 1013, 1204, 1346, 1453, 1789,
1847, 2086, 2459, 2562, 2683, 2768
Soybean Varieties USA–Hollybrook Early–Early Introduction.
Renamed Midwest by 1948 937, 1346
Soybean Varieties USA–Hollybrook–Early Introduction 307, 310,
312, 313, 320, 329, 337, 338, 379, 391, 409, 421, 489, 601, 675,
937, 1812, 2086, 2164, 2536, 2562
Soybean Varieties USA–Hongkong / Hong Kong–Early
Introduction 489, 601, 841, 937, 1346, 1789, 1847, 2086, 2164,
2562, 2768
Soybean Varieties USA–Hoosier–Early Introduction 409, 489, 601,
841, 937, 1346, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Green–Early Introduction 489, 601

Soybean Varieties USA–Hope–Early Selection (1905) 313, 489,
601, 1346, 2592

Soybean Varieties USA–Green Samarow–Early Introduction.
Renamed Samarow in 1907 312, 366, 1346

Soybean Varieties USA–Hurrelbrink–Early Introduction 937, 1346,
1789, 1847, 2086, 2562, 2768
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2694, 2700, 2768, 2782
Soybean Varieties USA–Illington–Large-Seeded and / or VegetableType 1013, 1346, 1453, 1789, 1847, 2086, 2562, 2768
Soybean Varieties USA–Imperial–Large-Seeded and / or VegetableType 841, 937, 1013, 1016, 1346, 1453, 1789, 1847, 2086, 2459,
2562, 2683, 2768
Soybean Varieties USA–Indiana Hollybrook–Early Development
601, 937, 1346
Soybean Varieties USA–Ito San–Early Introduction. Synonyms–
Medium Early Yellow, Early White, Early Yellow, Kaiyuski Daizu,
Kiyusuki Daidzu, Kysuki, Yellow Eda Mame, Dwarf Early Yellow,
Early, Eda Mame, Coffee Berry 307, 310, 312, 313, 324, 330, 337,
338, 342, 344, 345, 366, 369, 379, 387, 391, 406, 409, 421, 429,
489, 570, 601, 602, 638, 667, 675, 841, 937, 1006, 1110, 1346,
2592, 2837
Soybean Varieties USA–Jackson–Large-Seeded and / or VegetableType 1346, 1453, 1460, 1555, 1858, 1985, 1998, 2086, 2459, 2536,
2593
Soybean Varieties USA–Jefferson–Large-Seeded and / or
Vegetable-Type 1346, 1789, 1847, 2086, 2459, 2562, 2683, 2768,
2787
Soybean Varieties USA–Jet–Early Introduction 337, 338, 421, 489,
601, 841, 937, 1346, 2086, 2592
Soybean Varieties USA–Jogun–Large-Seeded and / or VegetableType 937, 1013, 1346, 1453, 1746, 1789, 1835, 1847, 2379, 2459,
2562, 2683, 2768
Soybean Varieties USA–Kahala–Large-Seeded and / or VegetableType 1822, 2379, 2593, 2700, 2782
Soybean Varieties USA–Kaikoo–Large-Seeded and / or VegetableType 1822, 2379, 2593, 2700, 2782
Soybean Varieties USA–Kailua–Large-Seeded and / or VegetableType 1822, 2379, 2593, 2700, 2782

Soybean Varieties USA–Kingston–Early Introduction 307, 313,
406, 489, 601, 1346, 1789, 1847, 2086, 2164, 2562, 2768
Soybean Varieties USA–Kiyusuke Daizu–Early Introduction. Also
spelled Kiyusuki, Kiuski, Kaiyuski, Kuiske, Keyuska, Kysuki 197,
204, 214, 225, 1346
Soybean Varieties USA–Kura–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768
Soybean Varieties USA–Laredo–Early Introduction 379, 409, 421,
489, 541, 601, 602, 655, 661, 675, 695, 841, 937, 1188, 1346, 1812,
1956, 2086, 2335, 2536, 2562, 2681
Soybean Varieties USA–Large Black–Early Introduction 1346
Soybean Varieties USA–Lexington–Early Introduction 409, 489,
601, 841, 937, 1346, 2086, 2562
Soybean Varieties USA–Lowrie–Early Selection (1908) 313, 1346,
2592
Soybean Varieties USA–Magna–Large-Seeded and / or VegetableType 1749, 1847, 1985, 2069, 2086, 2155, 2379, 2459, 2593, 2694,
2700, 2782
Soybean Varieties USA–Mammoth Brown–Early Introduction 409,
489, 601, 675, 841, 937, 1346, 2592
Soybean Varieties USA–Mammoth–Early Introduction 313, 320,
329, 337, 338, 342, 366, 379, 406, 418, 419, 420, 421, 429, 601,
766
Soybean Varieties USA–Mammoth Yellow–Early Introduction 307,
310, 312, 342, 409, 489, 541, 575, 601, 618, 649, 655, 661, 675,
841, 860, 868, 937, 1255, 1346, 1460, 1812, 1845, 1956, 2086,
2164, 2250, 2251, 2335, 2536, 2562, 2681

Soybean Varieties USA–Kanrich–Large-Seeded and / or VegetableType 1346, 1453, 1789, 1847, 1985, 2035, 2069, 2086, 2379, 2457,
2459, 2593, 2694, 2700, 2768, 2782

Soybean Varieties USA–Manchu–Early Introduction 379, 409, 421,
429, 453, 469, 470, 473, 483, 489, 528, 582, 601, 602, 608, 638,
650, 675, 685, 727, 735, 736, 784, 801, 803, 820, 826, 852, 864,
880, 882, 937, 957, 1006, 1016, 1186, 1255, 1346, 1440, 1749,
1789, 1847, 1939, 1956, 2086, 2164, 2250, 2251, 2339, 2534, 2562,
2681, 2768, 2779, 2837

Soybean Varieties USA–Kanro–Large-Seeded and / or VegetableType 735, 937, 1346, 1847, 2086, 2379, 2459, 2562, 2681, 2768

Soybean Varieties USA–Manchuria–Early Introduction 489, 601,
822, 937, 1346, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Kanum–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768, 2787

Soybean Varieties USA–Mandarin–Early Introduction 379, 382,
403, 408, 409, 489, 503, 556, 601, 602, 638, 685, 690, 735, 736,
784, 801, 803, 820, 841, 882, 937, 965, 1016, 1085, 1095, 1186,
1266, 1346, 1453, 1526, 1847, 1939, 1956, 2086, 2139, 2164, 2250,
2251, 2379, 2562, 2681, 2755, 2768, 2779

Soybean Varieties USA–Kentucky A–Early Selection 2592
Soybean Varieties USA–Kentucky–Early Introduction 489, 601,
1346

Soybean Varieties USA–Manhattan–Early Introduction 1346, 2592

Soybean Varieties USA–Kim–Large-Seeded and / or VegetableType 1346, 1453, 1789, 1847, 1985, 2069, 2086, 2379, 2457, 2593,

Soybean Varieties USA–Medium Black–Early Introduction.
Renamed Buckshot by 1948 312, 1346
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Soybean Varieties USA–Natsu–Early Introduction 1346, 2592
Soybean Varieties USA–Medium Early Black–Early Introduction.
Renamed Buckshot by 1907 227, 268, 1346
Soybean Varieties USA–Medium Early Green–Early Introduction.
Synonym Guelph (Ball 1907) 227
Soybean Varieties USA–Medium Early White–Early Introduction
214
Soybean Varieties USA–Medium Early Yellow–Early Introduction
312
Soybean Varieties USA–Medium Green–Early Introduction 307,
312, 313, 406, 409, 601, 841, 937, 1346, 1847, 2086, 2164, 2562,
2768
Soybean Varieties USA–Medium Yellow–Early Selection (1905).
Renamed Midwest by 1923 307, 313, 337, 338, 340, 366, 409, 421,
480, 601, 937, 1346
Soybean Varieties USA–Mendota–Large-Seeded and / or VegetableType 937, 1188, 1346, 1847, 2086, 2459, 2562, 2768
Soybean Varieties USA–Merko–Early Introduction 313, 366, 409,
489, 601, 841, 937, 1346, 2592
Soybean Varieties USA–Merrimax–Large-Seeded and / or
Vegetable-Type 2691, 2694, 2700, 2782
Soybean Varieties USA–Meyer–Early Introduction 310, 313, 366,
489, 601, 1346, 2592
Soybean Varieties USA–Midwest–Early Introduction 409, 421, 429,
453, 483, 489, 601, 841, 937, 1006, 1346, 1375, 1789, 1847, 2086,
2164, 2562, 2768
Soybean Varieties USA–Mikado–Early Development 409, 489, 601,
841, 937, 1346, 2592
Soybean Varieties USA–Minsoy–Early Introduction 409, 489, 601,
602, 685, 841, 845, 937, 1346, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Nemo–Early Introduction 489, 601, 1346,
2592
Soybean Varieties USA–Nielsen–Early Selection 1346, 2592
Soybean Varieties USA–Nigra–Early Introduction 1346, 2592
Soybean Varieties USA–Nuttall–Early Introduction 320, 489, 601,
1346, 2592
Soybean Varieties USA–Ogemaw / Ogema–Early Development.
Synonym–Dwarf Brown (Morse 1948) 310, 313, 340, 366, 406,
409, 489, 601, 602, 937, 1346, 1847, 2086, 2562, 2768
Soybean Varieties USA–Ohio 9001–Early Introduction 489, 601,
1346
Soybean Varieties USA–Ohio 9035–Early Development. Renamed
Hamilton by 1923 489, 601, 937, 1346
Soybean Varieties USA–Okute / O’kute / O’Kute–Early
Introduction 489, 601, 1346, 2592
Soybean Varieties USA–Osaya–Large-Seeded and / or VegetableType 937, 1346, 1789, 1847, 2086, 2459, 2562, 2683, 2768
Soybean Varieties USA–Otootan / O-too-tan–Early Introduction
379, 408, 409, 421, 489, 541, 601, 655, 675, 685, 860, 868, 937,
1346, 1416, 1460, 1691, 1812, 1830, 2086, 2164, 2335, 2536, 2562,
2592, 2681
Soybean Varieties USA–Peking / Pekin–Early Selection (1907)
313, 329, 337, 338, 382, 403, 408, 409, 417, 421, 483, 488, 489,
503, 601, 685, 736, 822, 826, 841, 882, 925, 937, 1006, 1188, 1343,
1346, 1755, 1789, 1847, 1956, 2069, 2086, 2164, 2204, 2409, 2410,
2536, 2562, 2768
Soybean Varieties USA–Perley’s Mongol–Early Selection (1912)
601, 1346
Soybean Varieties USA–Pingsu–Early Introduction 313, 1346, 2592

Soybean Varieties USA–Mokapu Summer–Large-Seeded and / or
Vegetable-Type 1822, 2379, 2593, 2700, 2782
Soybean Varieties USA–Mongol–Early Introduction 409, 601, 937,
1346
Soybean Varieties USA–Morgan–Early Introduction 1346, 2592,
2593
Soybean Varieties USA–Morse–Early Introduction 409, 489, 556,
601, 820, 841, 937, 1346, 1789, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Pinpu–Early Introduction 409, 489, 601,
841, 937, 1036, 1346
Soybean Varieties USA–Prize–Large-Seeded and / or VegetableType 1749, 1847, 1985, 2069, 2086, 2379, 2457, 2459, 2593, 2694,
2700, 2782
Soybean Varieties USA–Protana–Specialty, High Protein 1847,
2086, 2473, 2593, 2740, 2782

Soybean Varieties USA–Nalrade–Early Introduction 268

Soybean Varieties USA–Proto–Specialty, High Protein 2665, 2691,
2694, 2782

Soybean Varieties USA–Nanda–Large-Seeded and / or VegetableType 841, 843, 856, 937, 1346, 1555, 2086, 2459, 2536, 2562

Soybean Varieties USA–Provar–Specialty, High Protein 1847,
2379, 2593, 2694, 2782
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Soybean Varieties USA–Riceland–Early Introduction 313, 329, 366,
489, 601, 1346, 2592
Soybean Varieties USA–Rokusun–Large-Seeded and / or VegetableType 841, 937, 1346, 1697, 1835, 1985, 2086, 2459, 2536, 2562,
2683
Soybean Varieties USA–Sac–Large-Seeded and / or Vegetable-Type
937, 1346, 1835, 1847, 2086, 2379, 2459, 2562, 2683, 2768, 2787
Soybean Varieties USA–Samarow–Early Introduction 307, 310,
313, 320, 406, 1346, 2592
Soybean Varieties USA–Sanga–Large-Seeded and / or VegetableType 1789, 1847, 2086, 2562, 2683, 2768, 2787

2592
Soybean Varieties USA–Taha–Early Introduction 313, 489, 601,
1346, 2592
Soybean Varieties USA–Tamarat Sukun–Early Introduction 268
Soybean Varieties USA–Tarheel Black / Tar-Heel Black / Tar Heel
Black–Early Introduction 409, 489, 601, 675, 841, 937, 1346, 2086,
2164, 2536, 2562
Soybean Varieties USA–Tarheel / Tar Heel / Tar-Heel–Early
Introduction. Renamed Tarheel Black by May 1915 489, 601, 841,
937, 1346

Soybean Varieties USA–Saskatoon–Early Introduction 2592

Soybean Varieties USA–Tashing–Early Introduction 313, 337, 338,
421, 489, 601, 1346, 2592

Soybean Varieties USA–Sato–Large-Seeded and / or VegetableType 937, 1346, 1835, 1847, 2086, 2459, 2562, 2683, 2710, 2768

Soybean Varieties USA–Tastee–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768, 2787, 2902

Soybean Varieties USA–Sedo–Early Introduction 313, 1346, 2592

Soybean Varieties USA–Toku–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768

Soybean Varieties USA–Seminole–Large-Seeded and / or
Vegetable-Type 843, 868, 937, 1346, 1812, 2086, 2459, 2536, 2562
Soybean Varieties USA–Shanghai–Early Introduction 337, 338,
340, 421, 601, 937, 1346

Soybean Varieties USA–Tokyo / Tokio–Early Introduction 307,
312, 313, 379, 382, 403, 408, 409, 489, 503, 601, 675, 685, 778,
841, 937, 1346, 1939, 1956, 2086, 2164, 2250, 2251, 2335, 2362,
2536, 2562, 2681, 2779

Soybean Varieties USA–Sherwood–Early Introduction 489, 601,
841, 1346, 2592

Soybean Varieties USA–Tortoise Egg–Large-Seeded and / or
Vegetable-Type 1835, 1847, 2086, 2562, 2683, 2768, 2787

Soybean Varieties USA–Shingto–Early Introduction 313, 366, 489,
601, 1346, 1789, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Trenton–Early Introduction 489, 601,
1346, 2592

Soybean Varieties USA–Shiro–Large-Seeded and / or VegetableType 841, 937, 1346, 1789, 1847, 2086, 2459, 2562, 2683, 2768

Soybean Varieties USA–Verde–Large-Seeded and / or VegetableType 1746, 1847, 1985, 2379, 2459, 2593, 2694, 2700, 2782

Soybean Varieties USA–Sioux–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2768

Soybean Varieties USA–Very Dwarf Brown–Early Introduction 312

Soybean Varieties USA–Sooty–Early Selection 489, 601, 841, 937,
1346, 1789, 1847, 2086, 2562, 2768
Soybean Varieties USA–Sousei–Large-Seeded and / or VegetableType 937, 1346, 1835, 1847, 2086, 2459, 2562, 2683, 2768
Soybean Varieties USA–Southern Prolific–Early Introduction 601,
675, 841, 937, 2592

Soybean Varieties USA–Vinton 81–Large-Seeded and / or
Vegetable-Type 2379, 2593, 2694, 2700, 2782
Soybean Varieties USA–Vinton–Large-Seeded and / or VegetableType 2379, 2593, 2694, 2700, 2716, 2777, 2782
Soybean Varieties USA–Vireo–Early Introduction 313, 366, 1346,
2592

Soybean Varieties USA–Soysota–Early Introduction 601, 602, 937,
1346, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Virginia–Early Selection (1907) 379, 409,
421, 429, 473, 489, 556, 601, 675, 789, 822, 841, 937, 1346, 1440,
1789, 1812, 1847, 2536, 2562, 2768

Soybean Varieties USA–Stuart–Early Introduction 407, 1346, 1555,
2069, 2086, 2592

Soybean Varieties USA–Waseda–Large-Seeded and / or VegetableType 937, 1346, 1847, 2086, 2459, 2562, 2683, 2768

Soybean Varieties USA–Suru–Large-Seeded and / or VegetableType 937, 1346, 2592

Soybean Varieties USA–Wea–Early Introduction 409, 489, 601,
841, 937, 1346, 1847, 2086, 2164, 2562, 2768

Soybean Varieties USA–Swan–Early Introduction 313, 366, 1346,

Soybean Varieties USA–White Eyebrow–Early Introduction 601,
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845, 1346, 2592

Soyfoods Center. See Soyinfo Center (Lafayette, California)

Soybean Varieties USA–Willomi–Large-Seeded and / or VegetableType 841, 937, 1013, 1346, 1453, 1789, 1847, 2086, 2459, 2562

Soyfoods companies (USA). See SunRich Food Group (Hope,
Minnesota)

Soybean Varieties USA–Wilson–Early Introduction 313, 337, 338,
342, 344, 345, 366, 409, 421, 429, 473, 489, 601, 608, 937, 1006,
1346, 1440, 1789, 1847, 2067, 2086, 2164, 2562, 2768

Soyfoods (General Food Uses of Soybeans) 494, 870, 1487, 2114,
2267, 2271, 2297, 2424, 2513, 2598, 2604, 2616, 2702, 2764

Soybean Varieties USA–Wilson-Five / Wilson Five / Wilson 5 /
Wilson-5 / Wilson V–Early Selection (1912) 409, 601, 841, 937,
1346, 1789, 1847, 2086, 2562, 2768
Soybean Varieties USA–Wing’s Pedigreed Sable–Early
Development 1346
Soybean Varieties USA–Wisconsin Black–Early Introduction 409,
421, 446, 489, 542, 601, 685, 779, 864, 937, 1204, 1346, 1847,
2086, 2164, 2562, 2768

Soyfoods Industry and Market Statistics, Trends, and Analyses–By
Geographical Region. Includes per capita consumption of soybeans
2547, 2616, 2694, 2702
Soyfoods movement. See Plenty (The Farm, Summertown,
Tennessee), Rodale Press (Emmaus, Pennsylvania), Soyatech (Bar
Harbor, Maine), Soyfoods Association of North America (SANA)
Soyfoods Movement in Asia (Traditionally Non-Soy Countries
Such as India) 2313
Soyfoods Movement in Europe 2535

Soybean Varieties USA–Wolverine–Large-Seeded and / or
Vegetable-Type 937, 1013, 1346, 1789, 1835, 1847, 2086, 2459,
2562, 2683, 2768, 2787
Soybean Varieties USA–Yamagata Cha-daidzu / Yamagata
Chadaidzu / Yamagata-cha Daidzu–Early Introduction. Renamed
Eda by about 1907 197, 204, 214, 1346

Soyfoods Movement in Mexico and Central America 2301
Soyfoods Movement in North America (USA & Canada, General)
2267

Soybean Varieties USA–Yellow–Early Introduction 312, 601, 1346

Soyinfo Center (Lafayette, California). Named Soyfoods Center
until 1 Jan. 2007. Founded by William and Akiko Shurtleff 2330,
2366, 2457, 2458, 2616, 2686, 2702, 2715

Soybean Varieties USA–Yellow Marvel–Large-Seeded and / or
Vegetable-Type 1346, 1847, 2086, 2562, 2768

Soymilk Companies (Asia)–Kibun, Marusan-Ai, Mitsubishi, Meiji,
and Saniku Shokuhin in Japan 2639

Soybean Varieties USA–Yellow Soy Bean or Yellow Soy / Soja–
Early Introduction 204, 214, 225

Soymilk companies (USA). See American Soy Products (Saline,
Michigan), Vitasoy

Soybean Varieties USA–Yokoten / Yokotenn–Early Introduction
409, 489, 601, 841, 937, 1346

Soymilk, Concentrated or Condensed (Canned, Bottled, or Bulk).
Also Called Soybase or Soy Base 323, 406, 484, 693

Soybean Varieties USA–Yoshioka–Early Introduction. Renamed
Yosho by May 1907 394

Soymilk Cream (Rich, Thick Soymilk to Be Used Like Cream). See
also: Non-Dairy Creamer 693

Soybean Varieties USA–Yosho–Early Introduction 340, 489, 601,
1346, 2592

Soymilk curds. See Curds Made from Soymilk
Soymilk–Etymology of This Term and Its Cognates / Relatives in
Various Languages 310, 477, 2616, 2702

Soybeans, black. See Soybean Seeds–Black in Color
Soybeans, ground (used as food). See Whole Dry Soybeans
Soybeans, whole dry (used cooked or unprocessed as feed). See
Whole Dry Soybeans

Soymilk fed (or not fed) to infants in China. See Infants or
Recently-Weaned Children Fed (or Not Fed) Soymilk in China

Soybeans, whole dry (used unprocessed as food). See Whole Dry
Soybeans

Soymilk, Fermented, in Liquid or Viscous Form (Basic Research,
Acidophilus Soymilk or Soy Acidophilus Milk, Soy Viili,
Buttermilk, Koumiss, Lassi, Piima, etc.). See also: Soy Yogurt, Soy
Cheese, and Soy Kefir 406, 693, 901, 2616, 2702

Soybeans, wild. See Wild Soybeans (General)

Soymilk, Fermented–Soy Kefir 323

Soyfoods Association of North America (SANA). Founded 30 June
1978 in Ann Arbor, Michigan 2336

Soymilk shakes. See Shakes
Soymilk, Soy Drinks / Beverages, Soy-Based Infant Formulas, and
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Nogs (Liquid, Non-Fermented). Note–For Soymilk Products See
Tofu, Yuba, Shakes, Soy Ice Cream, Soy Yogurt, and Soy Cheese
or Cheese Alternatives 223, 310, 317, 323, 335, 353, 354, 366, 384,
406, 413, 477, 484, 485, 491, 496, 555, 617, 618, 622, 638, 643,
646, 647, 672, 675, 693, 723, 735, 737, 776, 791, 817, 841, 875,
901, 913, 1016, 1450, 1487, 1709, 1811, 1942, 2083, 2114, 2228,
2267, 2286, 2298, 2301, 2350, 2366, 2436, 2488, 2567, 2582, 2598,
2601, 2616, 2630, 2639, 2694, 2699, 2702, 2717, 2727, 2759
Soymilk, Spray-Dried or Powdered 323, 406, 529, 693, 2582
Soynut Butter–Etymology of This Term and Its Cognates / Relatives
in Various Languages 693
Soynut Butter (Soynuts / Roasted Soybeans Ground to a Paste
Resembling Peanut Butter; May Also Be Made from (Roasted) Soy
Flour Mixed with a Little Oil) 693
Soynuts–Etymology of This Term and Its Cognates / Relatives in
Various Languages 693
Soynuts (Oil Roasted or Dry Roasted / Toasted). See Also Irimame
Used in Bean-Scattering (Mame-Maki) Ceremony at Setsubun
(Lunar New Year) in Japan and Parched Soybeans 2, 3, 39, 406,
672, 693, 817, 1013, 1709, 2598, 2759
Space Travel or NASA Bioregenerative Life Support Systems 2389,
2622
Spectrophotometry. See Seed Composition–High-Speed
Measurement Techniques, such as Near Infrared Reflectance (NIR)
Anlysis and Spectrophotometry

Statistics. See the specific product concerned, e.g. Tofu Industry and
Market Statistics
Statistics on soybean production. See Soybean Production and
Trade–Industry and Market Statistics,
Statistics on soybean production, area and stocks. See individual
geographic regions (such as Asia, Europe, Latin America, United
States, etc.) and nations within each region
Statistics on soybean yields. See Yield Statistics, Soybean
Sterols or Steroid Hormones in Soybeans (Phytosterols–Including
Beta-Sitosterol, Campesterol, and Stigmasterol from Which
Steroids Such as Progesterone, Hydrocortisone, and Cortisone Can
Be Made) 380, 472, 643, 875, 973, 2668, 2754, 2759, 2898
Storage of Soybean Seeds, Viability and Life-Span During Storage
or Storability, and Drying of Soybeans 189, 307, 320, 385, 388,
406, 418, 419, 420, 457, 474, 496, 521, 542, 589, 656, 686, 737,
750, 758, 781, 783, 805, 810, 823, 835, 836, 848, 858, 860, 864,
877, 881, 913, 1479, 1487, 1598, 1600, 1627, 1739, 1811, 1856,
1936, 1991, 1999, 2113, 2114, 2178, 2182, 2297, 2298, 2369, 2371,
2392, 2415, 2457, 2458, 2488, 2566, 2577, 2639, 2641, 2757, 2764,
2848, 2907
Straw, soybean. See Feeds / Forage from Soybean Plants–Straw
Strayer Family of Iowa–Incl. George Strayer (1910-1981; executive
officer of the American Soybean Association 1940-1967), His
Father Bert Strayer (1880-1941), and His Nephew Dennis Strayer
(born 1938) 1204, 1677, 2336

Spencer Kellogg & Sons, Inc. (Buffalo, New York) 1487
Spillers Premier Products Ltd. (Puckeridge, Ware, Hertfordshire,
England). Including Soya Foods Ltd [Named Soya Flour
Manufacturing Co. Ltd. (1929-42), and Soya Foods Ltd. (1933)].
And incorporating British Soya Products (1932) 618, 646, 647

Subsidies or support prices for soybeans. See Policies and
Programs, Government
Sufu. See Tofu, Fermented
Sugars, complex, such as raffinose, stachyose, and verbacose. See
Oligosaccharides

Sprouts. See Soy Sprouts
Spun soy protein fibers. See Soy Proteins–Textured Soy Protein
Isolates
Sri Lanka. See Asia, South–Sri Lanka
Staley (A.E.) Manufacturing Co. (Decatur, Illinois; Acquired by
Tate & Lyle PLC in June 1988) 662, 1487, 2410, 2569
Standardization of nomenclature of soybean varieties. See
Nomenclature of Soybean Varieties–Standardization of and
Confusion
Standards, Applied to Soybeans or Soy Products 1533, 1534, 1563,
1942, 2065, 2228, 2298
Starch (Its Presence or Absence, Especially in Soybean Seeds) 119,
153, 180, 181, 204, 214, 223, 310, 323, 446, 511, 540, 546, 552,
585, 587, 735, 1024, 1614, 1776, 2428, 2800

Sunflower Seeds and Sunflowers (Helianthus annuus)–Including
Sunflowerseed Oil, Cake, and Meal. Once called the Heliotrope,
Heliotropion, and Heliotropium 188, 337, 406, 418, 419, 420, 1275,
1278, 1466, 1476, 1537, 1558, 2228, 2417, 2759, 2765
SunOpta, Inc. (Toronto, Ontario, Canada). Formerly SunRich
Food Group (Hope, Minnesota). Formerly Minnesota Waxy Corn
Growers Export Inc., Minnesota Edamame, Jameson-Williams Co.
Acquired by Stake Technology Ltd. (Norval, Ontario, Canada) in
July 1999, Stake changes its name to SunOpta on 31 Oct. 2003
2771
SunRich Food Group (Hope, Minnesota). See SunOpta, Inc.
Sustainability. See Soybean Production–Sustainability or
Sustainable Agriculture
Sustainable Development and Growth, Including Low-Input
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Sustainable Agriculture (LISA), Renewable Energy Resources
(Solar, Wind), Steady State Economics, and Voluntary Simplicity
Worldwide 2737
Sword Bean. Canavalia gladiata (Jacq.) D.C. Also Known as the
Knife Bean, Saber Bean 80, 337
Syngenta AG (based in Basel, Switzerland)–Formed in Nov. 2000
by the Merger of Novartis Agribusiness (formed in March 1996 by
the Merger of Sandoz AG and Ciba-Geigy; both based in Basel,
Switzerland) and Zeneca Agrochemicals 2760
Table / Tables in Document 58, 59, 102, 119, 126, 130, 131, 142,
147, 153, 156, 171, 172, 174, 180, 184, 194, 240, 243, 268, 282,
296, 304, 312, 317, 318, 320, 323, 337, 338, 340, 342, 344, 345,
369, 376, 385, 421

Fermented Coconut Presscake or Grated Coconut 2616, 2702
Tempeh (Spelled Témpé in Malay-Indonesian) 299, 311, 333, 334,
370, 617, 1542, 1942, 2083, 2178, 2228, 2267, 2274, 2286, 2298,
2548, 2601, 2616, 2630, 2699, 2702, 2727, 2759, 2790, 2898, 2976
Teweles Seed Co. (Milwaukee, Wisconsin). In 1974 Merged with
Borden Seeds, Inc, to become Americana Seeds, Inc.. 1865, 1954
Textiles made from spun soy protein fibers. See Fibers (Artificial
Wool or Textiles Made from Spun Soy Protein Fibers, Including
Azlon, Soylon, and Soy Silk / Soysilk)
Textured soy flours. See Soy Flours, Textured (Including TVP,
Textured Vegetable Protein)
Textured soy protein concentrates. See Soy Protein Concentrates,
Textured

Taiwan. See Asia, East–Taiwan
Takamine, Jokichi (1854-1922; Introduced Koji, Commercial
Microbial Enzyme Production, and Taka-Diastase to the USA). He
Also Isolated Adrenalin / Adrenaline. Donated Famous Japanese
Cherry Trees to Washington, DC 610

Textured soy protein isolates. See Soy Protein Isolates, Textured
(For Food Use Only). Including Spun Fibers

Tamari, Including Real Tamari (Soy Sauce Which Contains Little
or No Wheat) or the Macrobiotic Word Tamari Meaning Traditional
Shoyu 610

Therapeutic uses / aspects of soybeans, general. See Medical /
Medicinal-Therapeutic Uses / Aspects, General

Textured soy proteins. See Soy Proteins, Textured

Thesaurus or Thesauri 13
Tanshi, Tan-shih, or Tan-ch’ih (Wade-Giles). See Fermented Black
Soybeans, Unsalted or Bland
Tariffs, duties, embargoes. See Trade Policies (International)
Concerning Soybeans, Soy Products, or Soyfoods–Tariffs, Duties,
Embargoes, Moratoriums, and Other Trade Barriers or Subsidies
Taste Panel, Taste Test Results, or Sensory / Organoleptic
Evaluation of the Quality of Foods and Beverages 876

Third World / Developing Nations 521, 737, 1974, 2231, 2274,
2298, 2415, 2566
Thompsons Limited. Before Jan. 2004 named Thompson (W.G.)
& Sons Limited, Blenheim, Ontario, Canada. Before 1963 W.G.
Thompson. Founded in 1924 by Wesley G. “Tommy” Thompson
2814
Thyroid function. See Goitrogens and Thyroid Function

Taste Problems. See Flavor / Taste Problems
Tibet. See Asia, East–Tibet and Tibetans Outside Tibet
Tauco–Indonesian-Style Fermented Soybean Paste. Also Spelled
Taucho, Tauceo, Tau Chiow, Taoco, Tao-Tjo, Taotjo, Taocho,
Taoetjo 299, 333, 334, 370, 617

Tillage practices. See Soybean Cultural Practices–No Till Farming
Timeline. See Chronology / Timeline

Taxonomy. See Soybean–Taxonomy
Tocopherol. See Vitamin E (Tocopherol)
Tempeh–Etymology of This Term and Its Cognates / Relatives in
Various Languages 617
Tempeh Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2630
Tempeh, Non-Soy Relatives–Onchom (Oncom, Ontjom)–A cake
of Peanut Presscake or Okara (Oncom Tahu) Fermented with
Neurospora (Monilia sitophila = Oidium lupuli) molds 617
Tempeh, Non-Soy Relatives–Other Substrates Such as Winged
Beans, Lupins, Velvet Beans, Brown Rice, Cassava, etc.. 1542
Tempeh, Non-Soy Relatives–Tempeh Bongkrek–A Cake of

Tofu (Also Called Soybean Curd or Bean Curd until about 19751985). See also Tofu–Fermented, Soy Ice Creams, Soy Yogurts, and
Cheesecake, Which Often Use Tofu as a Major Ingredient 2, 3, 4, 5,
6, 17, 38, 39, 51, 67, 77, 94, 106, 109, 112, 113, 136, 142, 147, 155,
158, 163, 166, 171, 172, 183, 208, 211, 217, 223, 229, 253, 302,
304, 310, 313, 317, 320, 323, 327, 328, 329, 333, 334, 350, 353,
354, 366, 370, 371, 384, 406, 407, 413, 459, 484, 485, 491, 496,
529, 555, 617, 621, 622, 643, 646, 672, 675, 693, 699, 710, 723,
737, 791, 817, 841, 875, 886, 901, 913, 1014, 1016, 1154, 1450,
1453, 1487, 1709, 1811, 1942, 2081, 2083, 2096, 2178, 2228, 2245,
2267, 2286, 2298, 2301, 2436, 2451, 2547, 2567, 2598, 2601, 2616,
2630, 2639, 2665, 2699, 2702, 2715, 2716, 2727, 2756, 2759, 2800,
2835, 2851, 2859, 2895, 2901
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Tofu companies (USA). See Tomsun Foods, Inc. (Greenfield,
Massachusetts; Port Washington, New York
Tofu curds. See Curds Made from Soymilk
Tofu Equipment 317, 323
Tofu–Etymology of This Term and Its Cognates / Relatives in
Various Languages 17, 38, 51, 106, 113, 136, 142, 328, 496, 675,
723, 791
Tofu, Fermented (Also Called Doufu-ru, Toufu-ru, Furu, Fuyu,
Tahuri, Tahuli, Tajure, Tao-hu-yi, or Sufu). See also Tofu-yo 4, 94,
142, 226, 317, 323, 406, 484, 610, 617, 643, 1811, 1942, 2083,
2228
Tofu, Fermented–Tofuyo from Okinawa, Japan (Made with Red
Rice {Beni-Koji} Containing Monascus purpureus) 2912
Tofu, Fried (Especially Deep-Fried Tofu Pouches, Puffs, Cutlets, or
Burgers; Agé or Aburagé, Aburaagé, Usu-agé, Atsu-agé or Namaagé, Ganmodoki or Ganmo, Hiryôzu / Hiryozu) 406, 646
Tofu, Frozen, Dried-frozen, or Dried Whole (Not Powdered) 142,
156, 172, 184, 223, 406, 646
Tofu, Frozen or Dried-Frozen–Etymology of This Term and Its
Cognates / Relatives in Various Languages 156, 184
Tofu, Homemade–How to Make at Home or on a Laboratory or
Community Scale, by Hand 5
Tofu Industry and Market Statistics, Trends, and Analyses–By
Geographical Region 2547, 2630, 2639, 2694, 2715

Tractors 1016, 1460, 2029, 2336, 2409
Trade (International–Imports, Exports) of Soybeans, Soy Oil, and /
or Soybean Meal. See also Trade–Tariffs and Duties 211, 318, 320,
334, 366, 370, 406, 484, 491, 496, 507, 601, 617, 618, 622, 638,
643, 646, 647, 735, 737, 841, 939, 1590, 1658, 1811, 1974, 1983,
2034, 2133, 2227, 2273, 2417, 2438, 2547, 2569, 2582, 2639, 2748,
2751
Trade of Soyfoods (Import and Export, not Including Soy Oil or
Soybean Meal, but Including Lecithin and Margarine) or Soyfoods
Manufacturing Equipment. See also: Soy Sauce–Imports, Exports.
Miso–Imports, Exports 43, 49, 113, 122, 213, 295, 303, 2568
Trade Policies (International) Concerning Soybeans, Soy Products,
or Soyfoods–Tariffs, Duties, Embargoes, Moratoriums, and Other
Trade Barriers or Subsidies 2701
Transcaucasia. See Asia, Transcaucasia (Presently Armenia,
Azerbaijan, and Georgia)
Transportation of Soybeans or Soy Products to Market by Railroad
/ Railway / Rail within a Particular Country or Region. See also
Railroads / Railways and Special Trains Used to Promote Soybeans
and Soybean Production 388, 396
Transportation of Soybeans or Soy Products to Market by Water
(Rivers, Lakes) Using Junks, Barges, etc. within a Particular
Country or Region 155, 647
Treatment of seeds. See Seed Treatment with Chemicals (Usually
Fungicides) for Protection

Tofu, Non-Soy Relatives (Such as Winged Bean Tofu or Peanut
Tofu) 4, 5, 6, 77

Tropical and Subtropical Countries, Soybean Production in (Mostly
in the Third World / developing countries) 496, 623, 1822, 1971,
2006, 2009, 2026, 2116, 2178, 2262, 2328, 2341, 2400, 2415, 2508,
2540, 2708, 2721, 2722, 2723, 2956

Tofu, Pressed, Chinese-Style (Toufukan / Doufugan / Dougan) 693,
2096

Tropical kudzu. See Kudzu or Kuzu–Tropical Kudzu or Puero
(Pueraria phaseoloides)

Tofu Production–How to Make Tofu on a Commercial Scale 2715,
2716

Trypsin / Protease / Proteinase Growth Inhibitors 1455, 1835, 1847,
1878, 1897, 1992, 2033, 2156, 2185, 2188, 2260, 2357, 2366, 2423,
2428, 2567, 2685, 2757, 2759, 2771, 2906

Tofu, Smoked 323, 384
Turkey. See Asia, Middle East–Turkey
Tomsun Foods, Inc. (Greenfield, Massachusetts; Port Washington,
New York. Named New England Soy Dairy from 1978-1983) 2245
Tonga. See Oceania

Turkistan / Turkestan. See Asia, Central–Turkistan / Turkestan
TVP. See Soy Flours, Textured (Including TVP, Textured Vegetable
Protein)

Touchi or tou ch’i. See Fermented Black Soybeans
Toxins and Toxicity in Foods and Feeds–Bongkrek Poisoning,
Caused by Either Bongkrek Acid or Toxoflavin Produced in
Some Coconut Tempeh by the Aerobic Bacteria Pseudomonas
cocovenenans 2616

T.W. Wood & Sons (Richmond, Virginia). Seedsmen since 1879
197, 1487
Umeboshi or ume-boshi (Japanese salt plums / pickled plums),
Plum Products, and the Japanese Plum Tree (Prunus mumé) from
whose fruit they are made 167, 183, 242, 407

Toxins and Toxicity in Foods and Feeds (General) 4, 497, 514, 2152
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Umeboshi (Salt Plums)–Etymology of This Term and Its Cognates /
Relatives in Various Languages 167, 242
Unfair Practices–Including Possible Deceptive / Misleading
Labeling, Advertising, etc. See also: Adulteration 202
Unilever Corp., Lever Brothers Co., Unimills B.V. (Netherlands),
and Margarine Union 320, 385, 693, 1747

878, 891, 894, 895, 899, 901, 919, 920, 937, 941, 954, 965, 998,
999, 1000, 1077, 1101, 1255, 1300, 1370, 1712, 1939, 1983, 1985,
2069, 2110, 2133, 2164, 2250, 2251, 2336, 2348, 2410, 2430, 2436,
2459, 2562, 2651, 2769, 2866, 2942
United States Department of Agriculture (USDA)–Foreign
Agricultural Service (FAS, Est. 1953) Including Office of Foreign
Agricultural Relations (1939-1953). Foreign Agricultural Service
(1938-1939) 1453

United Kingdom. See Europe, Western–United Kingdom
United Nations (Including UNICEF, FAO, UNDP, UNESCO, and
UNRRA) Work with Soy 1559, 1739, 1811, 2178, 2298, 2301,
2400, 2439, 2440, 2441, 2442, 2443, 2469, 2470, 2471, 2472, 2473,
2474, 2475, 2476, 2477, 2478, 2479, 2540, 2697, 2721, 2722, 2723
United Soybean Board. See American Soybean Association (ASA)–
United Soybean Board
United States Department of Agriculture (USDA)–Agricultural
Marketing Service (AMS) 1346
United States Department of Agriculture (USDA)–Agricultural
Research Service (ARS, Established 1953). Including Agricultural
Research Administration (1942-1953) 768, 834, 845, 846, 878, 881,
882, 895, 899, 919, 920, 937, 965, 1077, 1130, 1197, 1229, 1255,
1277, 1297, 1298, 1300, 1341, 1343, 1370, 1377, 1378, 1405, 1440,
1457, 1462, 1470, 1472, 1485, 1487, 1504, 1525, 1533, 1534, 1536,
1541, 1543, 1563, 1567, 1605, 1606, 1614, 1617, 1627, 1631, 1638,
1659, 1689, 1691, 1692, 1746, 1763, 1769, 1789, 1813, 1815, 1830,
1843, 1864, 1873, 1876, 1886, 1908, 1927, 1969, 1982, 1985, 1988,
1990, 1991, 1998, 2004, 2009, 2024, 2038, 2068, 2155, 2250, 2251,
2339, 2362, 2389, 2418, 2450, 2475, 2503, 2506, 2507, 2512, 2536,
2552, 2558, 2562, 2564, 2590, 2613, 2614, 2639, 2644, 2668, 2669,
2670, 2677, 2687, 2750, 2752, 2768, 2777, 2844, 2942
United States Department of Agriculture (USDA)–Arlington
Experimental Farm at Arlington, Virginia (1900-1942) 313, 315,
330, 337, 338, 340, 348, 409, 421, 458, 631, 846

United States Department of Agriculture (USDA; Including Federal
Grain Inspection Service [FGIS], and War Food Administration
[WFA]). See also: Agricultural Marketing Service, Agricultural
Research Service (ARS), Bureau of Plant Industry, Economic
Research Service, Food and Nutrition Service, Foreign Agricultural
Service, and Section of Foreign Seed and Plant Introduction 196,
204, 236, 255, 268, 289, 296, 323, 329, 366, 403, 434, 467, 482,
489, 520, 532, 545, 561, 606, 631, 638, 656, 658, 660, 662, 664,
677, 682, 685, 693, 712, 714, 717, 729, 745, 759, 805, 806, 831,
838, 847, 849, 859, 912, 944, 961, 1006, 1016, 1043, 1064, 1066,
1086, 1100, 1126, 1135, 1164, 1198, 1199, 1232, 1235, 1239, 1242,
1243, 1337, 1382, 1394, 1404, 1423, 1424, 1430, 1431, 1434, 1449,
1491, 1502, 1522, 1562, 1578, 1591, 1602, 1630, 1636, 1647, 1664,
1700, 1704, 1713, 1753, 1759, 1796, 1803, 1809, 1817, 1818, 1839,
1845, 1847, 1865, 1874, 1883, 1905, 1920, 1931, 1937, 1944, 1975,
2035, 2043, 2083, 2090, 2160, 2178, 2183, 2242, 2249, 2310, 2322,
2326, 2331, 2335, 2336, 2361, 2367, 2379, 2400, 2410, 2414, 2430,
2436, 2495, 2543, 2545, 2569, 2572, 2592, 2593, 2602, 2617, 2683,
2684, 2690, 2691, 2693, 2700, 2754, 2775, 2782, 2787, 2824, 2837,
2853, 2891, 2902, 2908, 2964, 3013
United States Department of Agriculture (USDA)–Office of
Experiment Stations (1888-1955). Transferred to the Cooperative
State Experiment Station Service in 1961 214, 407, 631
United States Department of Agriculture (USDA)–Patent Office and
Commissioner of Patents, Agriculture (Forerunners of USDA) 87,
88, 89, 91, 458, 631

United States Department of Agriculture (USDA)–Bureau of
Agricultural and Industrial Chemistry (1943-1953). Including
Bureau of Agricultural Chemistry and Engineering (1938-1943),
Bureau of Chemistry and Soils (1927-1938), and Bureau of
Chemistry (1901-1927). Transferred to the Agricultural Research
Service (ARS) in 1953 348, 603, 631, 705, 706, 740, 749

United States Department of Agriculture (USDA)–Section of
Foreign Seed and Plant Introduction (Established 1898 within the
USDA with David Fairchild in Charge). Transferred to Bureau
of Plant Industry (1 July 1901). Later Referred to as the Office of
Foreign Seed and Plant Introduction and then the Office of Foreign
Plant Introduction 266, 310, 313, 349, 458, 482, 768, 846, 901,
1085, 1749, 1902, 1996, 2110, 2164, 2399, 2459, 2562, 2769

United States Department of Agriculture (USDA)–Bureau of
Entomology and Plant Quarantine (1934-1953). Including the
Bureau of Entomology (1904-1934). Transferred to the Agricultural
Research Service in 1953 834

United States of America–Activities and Influence Overseas /
Abroad 78, 482, 561, 722, 737, 772, 913, 1234, 1453, 1643, 1658,
1810, 1812, 1830, 1858, 1866, 1867, 1939, 1985, 2023, 2069, 2081,
2110, 2114, 2119, 2133, 2134, 2348, 2459, 2516, 2562, 2694, 2908

United States Department of Agriculture (USDA)–Bureau of
Plant Industry, Soils, and Agricultural Engineering (1943-1953).
Including Bureau of Plant Industry (1901-1943), Office of Plant
Industry (1900-1901), and Division of Agrostology (1895-1901).
Transferred to Agricultural Research Service in 1953 283, 284, 290,
313, 314, 315, 329, 330, 336, 337, 338, 340, 379, 382, 406, 408,
409, 418, 419, 420, 421, 422, 434, 439, 458, 482, 503, 515, 529,
561, 603, 631, 635, 638, 740, 749, 768, 771, 845, 846, 860, 863,

United States of America–Soybean Production, Area and Stocks–
Statistics, Trends, and Analyses 418, 419, 420, 491, 646, 944, 1487,
1598, 1627, 1965, 2228, 2725
United States of America, soyfoods movement in. See Soyfoods
Movement in North America
United States of America (USA) 19, 49, 62, 81, 82, 83, 85, 86, 89,

© Copyright Soyinfo Center 2021

SOYBEAN PHYSIOLOGY AND BOTANY (250 BCE to 2021) 979
91, 93, 106, 114, 136, 141, 144, 148, 152, 153, 154, 165, 184, 189,
193, 194, 195, 196, 197, 198, 200, 201, 202, 203, 204, 206, 207,
210, 212, 214, 215, 216, 221, 223, 225, 227, 228, 229, 232, 233,
235, 236, 237, 238, 239, 240, 241, 244, 245, 246, 247, 248, 249,
250, 251, 252, 255, 258, 259, 260, 261, 263, 264, 265, 266, 267,
268, 270, 271, 272, 273, 274, 280, 283, 284, 287, 288, 289, 290,
293, 294, 296, 301, 304, 307, 310, 312, 313, 314, 315, 316, 318,
323, 324, 327, 329, 330, 331, 336, 337, 338, 340, 341, 342, 343,
344, 345, 346, 347, 348, 349, 351, 352, 355, 356, 357, 358, 359,
360, 362, 366, 369, 372, 373, 374, 375, 376, 377, 379, 380, 381,
382, 385, 386, 387, 389, 390, 391, 392, 395, 397, 398, 399, 401,
402, 403, 404, 406, 408, 409, 410, 411, 412, 415, 417, 418, 419,
420, 421, 422, 423, 424, 425, 426, 428, 429, 430, 433, 434, 435,
436, 437, 438, 439, 440, 442, 443, 444, 445, 446, 449, 450, 451,
452, 453, 454, 455, 457, 458, 463, 464, 465, 466, 467, 469, 470,
471, 473, 474, 475, 478, 480, 481, 482, 483, 485, 486, 487, 488,
489, 491, 492, 493, 497, 498, 499, 502, 503, 504, 508, 509, 510,
511, 512, 513, 514, 515, 517, 518, 519, 520, 522, 523, 525, 527,
528, 530, 531, 532, 533, 534, 535, 536, 539, 541, 542, 543, 544,
545, 548, 549, 550, 556, 557, 558, 559, 560, 561, 562, 563, 564,
565, 566, 567, 570, 572, 574, 575, 577, 578, 580, 582, 584, 585,
586, 587, 590, 595, 597, 599, 601, 602, 603, 606, 607, 608, 609,
611, 615, 616, 617, 618, 619, 620, 622, 623, 625, 626, 627, 628,
629, 630, 631, 633, 634, 635, 636, 637, 638, 639, 641, 644, 646,
647, 649, 650, 651, 654, 655, 656, 657, 658, 659, 660, 661, 662,
664, 665, 666, 667, 671, 672, 673, 674, 676, 677, 679, 680, 681,
682, 685, 687, 688, 693, 694, 695, 696, 697, 698, 699, 700, 702,
703, 704, 705, 706, 707, 708, 709, 711, 712, 714, 715, 716, 717,
718, 723, 724, 729, 731, 732, 736, 739, 740, 742, 743, 745, 746,
747, 748, 749, 750, 751, 752, 753, 755, 756, 758, 759, 760, 763,
764, 765, 766, 767, 768, 771, 774, 776, 777, 778, 779, 780, 781,
783, 784, 787, 788, 789, 790, 794, 795, 796, 797, 798, 799, 800,
801, 802, 803, 804, 805, 806, 807, 808, 812, 813, 814, 815, 816,
818, 819, 820, 823, 824, 825, 826, 827, 828, 830, 831, 832, 833,
834, 835, 836, 837, 838, 840, 841, 843, 844, 845, 846, 847, 848,
849, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859, 860, 862,
863, 866, 867, 869, 871, 873, 874, 875, 876, 877, 878, 879, 880,
881, 882, 883, 884, 885, 887, 888, 889, 890, 891, 892, 894, 895,
896, 897, 898, 899, 900, 901, 902, 903, 904, 905, 906, 907, 908,
911, 912, 914, 915, 916, 917, 918, 919, 920, 921, 922, 924, 925,
926, 927, 929, 931, 933, 934, 935, 936, 937, 938, 939, 940, 941,
942, 943, 944, 946, 947, 948, 949, 950, 952, 954, 956, 957, 958,
959, 960, 961, 965, 966, 967, 970, 971, 973, 976, 977, 978, 979,
980, 982, 983, 984, 985, 990, 991, 992, 993, 995, 996, 998, 999,
1000, 1002, 1006, 1007, 1010, 1012, 1013, 1015, 1017, 1020, 1022,
1023, 1024, 1026, 1027, 1029, 1043, 1044, 1045, 1056, 1060, 1061,
1062, 1063, 1064, 1066, 1068, 1069, 1070, 1073, 1074, 1075, 1077,
1079, 1080, 1082, 1083, 1084, 1085, 1086, 1092, 1093, 1094, 1095,
1099, 1100, 1101, 1110, 1112, 1114, 1115, 1116, 1117, 1118, 1122,
1123, 1126, 1127, 1128, 1130, 1133, 1135, 1136, 1137, 1140, 1141,
1142, 1145, 1149, 1150, 1151, 1152, 1153, 1161, 1162, 1164, 1165,
1167, 1168, 1169, 1170, 1171, 1173, 1176, 1177, 1178, 1179, 1184,
1186, 1188, 1189, 1191, 1192, 1193, 1196, 1197, 1198, 1199, 1201,
1202, 1203, 1209, 1218, 1219, 1223, 1225, 1229, 1232, 1235, 1237,
1238, 1239, 1241, 1242, 1243, 1244, 1249, 1250, 1251, 1252, 1253,
1255, 1256, 1257, 1259, 1263, 1264, 1265, 1266, 1267, 1270, 1271,
1272, 1273, 1277, 1281, 1283, 1284, 1285, 1290, 1291, 1293, 1294,
1295, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1306, 1308, 1311,
1312, 1313, 1314, 1315, 1317, 1322, 1325, 1326, 1328, 1337, 1339,
1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1351, 1355, 1357,

1358, 1359, 1360, 1362, 1363, 1364, 1365, 1367, 1368, 1369, 1370,
1371, 1372, 1373, 1375, 1377, 1378, 1379, 1380, 1381, 1382, 1384,
1386, 1387, 1388, 1389, 1390, 1391, 1394, 1395, 1397, 1399, 1400,
1403, 1404, 1405, 1406, 1407, 1408, 1417, 1420, 1421, 1422, 1423,
1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432, 1434, 1435,
1436, 1438, 1440, 1441, 1442, 1444, 1445, 1446, 1448, 1449, 1450,
1451, 1453, 1455, 1457, 1459, 1460, 1462, 1463, 1470, 1472, 1475,
1477, 1478, 1480, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 1488,
1489, 1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499,
1501, 1502, 1504, 1505, 1506, 1508, 1512, 1513, 1514, 1516, 1517,
1520, 1522, 1523, 1525, 1527, 1528, 1529, 1532, 1533, 1534, 1536,
1537, 1539, 1540, 1541, 1542, 1543, 1544, 1545, 1546, 1555, 1556,
1558, 1562, 1563, 1564, 1567, 1568, 1569, 1574, 1575, 1576, 1577,
1578, 1579, 1580, 1582, 1583, 1584, 1586, 1587, 1591, 1598, 1600,
1602, 1603, 1604, 1605, 1606, 1607, 1608, 1609, 1614, 1616, 1617,
1618, 1619, 1620, 1627, 1629, 1630, 1631, 1636, 1638, 1639, 1640,
1641, 1642, 1644, 1645, 1646, 1647, 1648, 1649, 1650, 1651, 1654,
1655, 1656, 1657, 1659, 1660, 1661, 1664, 1673, 1675, 1677, 1678,
1679, 1681, 1682, 1683, 1684, 1685, 1686, 1688, 1689, 1690, 1691,
1692, 1693, 1694, 1697, 1700, 1701, 1702, 1703, 1704, 1707, 1708,
1711, 1712, 1713, 1714, 1717, 1718, 1720, 1721, 1722, 1723, 1725,
1726, 1727, 1729, 1730, 1731, 1732, 1734, 1738, 1739, 1740, 1741,
1742, 1744, 1746, 1748, 1749, 1750, 1751, 1752, 1753, 1755, 1756,
1757, 1758, 1759, 1761, 1763, 1764, 1765, 1766, 1767, 1768, 1769,
1770, 1771, 1772, 1774, 1775, 1777, 1778, 1781, 1782, 1783, 1784,
1785, 1786, 1788, 1789, 1790, 1791, 1792, 1793, 1794, 1795, 1796,
1797, 1798, 1801, 1802, 1803, 1808, 1809, 1813, 1814, 1815, 1816,
1817, 1818, 1819, 1820, 1821, 1822, 1823, 1824, 1825, 1826, 1827,
1829, 1831, 1832, 1833, 1834, 1835, 1836, 1837, 1838, 1839, 1840,
1841, 1842, 1843, 1844, 1845, 1846, 1847, 1851, 1853, 1854, 1855,
1856, 1859, 1860, 1861, 1862, 1863, 1864, 1865, 1868, 1869, 1870,
1872, 1873, 1874, 1875, 1876, 1877, 1878, 1879, 1880, 1881, 1882,
1883, 1884, 1885, 1886, 1897, 1899, 1900, 1902, 1904, 1905, 1906,
1907, 1908, 1909, 1912, 1913, 1914, 1915, 1916, 1918, 1919, 1920,
1921, 1922, 1923, 1925, 1927, 1928, 1929, 1930, 1931, 1936, 1937,
1938, 1939, 1942, 1944, 1945, 1946, 1948, 1949, 1950, 1952, 1954,
1955, 1956, 1957, 1958, 1959, 1960, 1961, 1963, 1964, 1965, 1966,
1968, 1969, 1970, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1982,
1983, 1984, 1985, 1986, 1988, 1990, 1991, 1992, 1994, 1995, 1996,
1997, 1998, 1999, 2000, 2001, 2003, 2004, 2005, 2007, 2008, 2009,
2011, 2012, 2013, 2014, 2015, 2016, 2018, 2020, 2021, 2022, 2024,
2029, 2033, 2035, 2037, 2038, 2040, 2041, 2042, 2043, 2044, 2045,
2046, 2047, 2048, 2050, 2051, 2052, 2054, 2055, 2056, 2060, 2061,
2063, 2064, 2065, 2068, 2069, 2070, 2071, 2072, 2078, 2079, 2082,
2083, 2086, 2087, 2088, 2089, 2090, 2092, 2093, 2094, 2095, 2096,
2097, 2098, 2100, 2101, 2102, 2103, 2104, 2105, 2106, 2107, 2108,
2110, 2112, 2113, 2117, 2120, 2121, 2122, 2126, 2128, 2130, 2133,
2137, 2141, 2143, 2146, 2147, 2152, 2153, 2154, 2155, 2156, 2157,
2158, 2159, 2160, 2162, 2163, 2164, 2166, 2171, 2174, 2178, 2182,
2183, 2184, 2185, 2187, 2188, 2189, 2191, 2192, 2194, 2195, 2196,
2197, 2200, 2201, 2202, 2203, 2204, 2205, 2207, 2208, 2211, 2212,
2213, 2220, 2221, 2223, 2226, 2227, 2228, 2229, 2231, 2233, 2237,
2239, 2240, 2241, 2242, 2244, 2245, 2248, 2249, 2250, 2251, 2252,
2253, 2254, 2255, 2256, 2258, 2259, 2260, 2261, 2263, 2264, 2265,
2267, 2269, 2273, 2274, 2277, 2278, 2280, 2281, 2283, 2284, 2286,
2288, 2290, 2291, 2295, 2297, 2298, 2301, 2303, 2309, 2310, 2314,
2315, 2318, 2319, 2321, 2322, 2324, 2329, 2330, 2331, 2332, 2333,
2335, 2336, 2338, 2339, 2344, 2347, 2348, 2354, 2355, 2356, 2358,
2360, 2361, 2362, 2363, 2365, 2366, 2367, 2368, 2369, 2373, 2375,
2378, 2379, 2380, 2382, 2383, 2387, 2388, 2389, 2397, 2400, 2401,
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2403, 2404, 2405, 2407, 2408, 2409, 2410, 2411, 2412, 2414, 2417,
2418, 2419, 2425, 2426, 2428, 2429, 2430, 2431, 2433, 2434, 2435,
2436, 2444, 2445, 2449, 2450, 2451, 2452, 2453, 2454, 2456, 2457,
2458, 2459, 2460, 2461, 2462, 2463, 2464, 2465, 2466, 2472, 2475,
2481, 2482, 2486, 2487, 2489, 2490, 2491, 2492, 2493, 2494, 2495,
2496, 2500, 2501, 2502, 2503, 2505, 2506, 2507, 2509, 2510, 2511,
2512, 2513, 2517, 2519, 2520, 2521, 2523, 2524, 2525, 2526, 2527,
2528, 2529, 2533, 2534, 2536, 2538, 2539, 2540, 2543, 2544, 2545,
2546, 2547, 2549, 2550, 2551, 2552, 2553, 2554, 2555, 2556, 2557,
2558, 2560, 2561, 2562, 2564, 2565, 2566, 2567, 2568, 2569, 2570,
2572, 2576, 2577, 2579, 2580, 2581, 2583, 2584, 2585, 2587, 2589,
2590, 2591, 2592, 2593, 2594, 2595, 2600, 2601, 2602, 2603, 2604,
2605, 2609, 2610, 2612, 2613, 2614, 2615, 2616, 2617, 2618, 2619,
2620, 2621, 2622, 2623, 2626, 2630, 2636, 2637, 2638, 2639, 2640,
2642, 2643, 2644, 2645, 2649, 2650, 2651, 2652, 2653, 2657, 2663,
2665, 2668, 2669, 2670, 2671, 2672, 2675, 2676, 2677, 2678, 2680,
2681, 2682, 2683, 2684, 2685, 2686, 2687, 2689, 2690, 2691, 2692,
2693, 2695, 2700, 2702, 2703, 2707, 2710, 2711, 2712, 2714, 2715,
2716, 2717, 2724, 2725, 2728, 2731, 2738, 2742, 2749, 2750, 2751,
2752, 2754, 2756, 2757, 2758, 2759, 2760, 2761, 2764, 2766, 2768,
2769, 2770, 2771, 2772, 2773, 2774, 2775, 2776, 2777, 2778, 2779,
2782, 2783, 2784, 2785, 2786, 2787, 2789, 2790, 2792, 2793, 2794,
2795, 2798, 2804, 2806, 2807, 2808, 2809, 2818, 2823, 2824, 2825,
2832, 2834, 2835, 2836, 2837, 2838, 2839, 2841, 2842, 2843, 2844,
2845, 2846, 2847, 2849, 2850, 2851, 2853, 2854, 2855, 2859, 2860,
2862, 2866, 2869, 2873, 2875, 2876, 2879, 2880, 2881, 2885, 2888,
2891, 2895, 2896, 2898, 2902, 2904, 2905, 2908, 2909, 2910, 2911,
2913, 2918, 2919, 2922, 2924, 2930, 2935, 2936, 2937, 2938, 2939,
2940, 2942, 2944, 2947, 2952, 2953, 2954, 2958, 2959, 2961, 2962,
2963, 2964, 2965, 2967, 2968, 2969, 2972, 2973, 2974, 2975, 2978,
2981, 2983, 2984, 2987, 2990, 2994, 2995, 3001, 3002, 3007, 3008,
3013
United States–States–Alabama 189, 259, 290, 340, 415, 471, 631,
833, 878, 899, 920, 935, 1006, 1013, 1450, 1598, 1627, 1679, 1955,
2000, 2603, 2610, 2644, 2668, 2714, 2809, 2898, 2944, 2968, 3007
United States–States–Arizona 1450, 1846, 1965, 2338, 2457
United States–States–Arkansas 189, 271, 290, 313, 337, 338, 421,
498, 584, 803, 833, 847, 878, 880, 899, 920, 1056, 1077, 1178,
1193, 1299, 1300, 1343, 1370, 1420, 1421, 1450, 1487, 1677, 1689,
1697, 1718, 1755, 1814, 1823, 1864, 1954, 1955, 2003, 2069, 2133,
2146, 2228, 2472, 2527, 2567, 2592, 2712, 2715, 2716, 2717, 2751,
2756, 2757, 2843, 2940, 2942, 2959, 2961
United States–States–California 81, 82, 87, 144, 290, 349, 607, 631,
699, 788, 814, 901, 922, 925, 1013, 1027, 1219, 1270, 1306, 1311,
1328, 1379, 1397, 1429, 1432, 1435, 1442, 1444, 1448, 1477, 1478,
1487, 1527, 1537, 1564, 1575, 1577, 1587, 1619, 1620, 1629, 1640,
1655, 1660, 1688, 1703, 1758, 1795, 1808, 1824, 1829, 1869, 1876,
1960, 1965, 1986, 1997, 2005, 2007, 2008, 2051, 2184, 2303, 2330,
2356, 2366, 2367, 2368, 2428, 2457, 2458, 2495, 2545, 2580, 2587,
2652, 2668, 2686, 2794, 2846
United States–States–Colorado 360, 542, 631, 779, 1682, 1763,
2086, 2771
United States–States–Connecticut 202, 227, 244, 290, 313, 346,
359, 437, 622, 631, 776, 788, 826, 879, 1013, 1171, 1568, 2204

United States–States–Delaware 312, 337, 338, 398, 421, 899, 1077,
1115, 1188, 1300, 1346, 1370, 1608, 1617, 1746, 1749, 1770, 1822,
1954, 1956, 2052, 2071, 2112, 2120, 2379, 2431, 2505, 2517, 2560,
2769
United States–States–District of Columbia (Washington, DC) 87,
165, 195, 196, 210, 214, 266, 287, 313, 314, 315, 330, 336, 338,
340, 349, 379, 382, 406, 409, 418, 419, 420, 421, 458, 467, 503,
561, 638, 673, 693, 705, 706, 847, 901, 1066, 1346, 1902, 1985,
1996, 2141, 2250, 2251, 2274, 2355, 2459, 2539, 2616, 2702, 2866
United States–States–Florida 520, 833, 878, 901, 920, 1135, 1173,
1271, 1299, 1378, 1843, 1854, 1874, 1886, 1954, 1955, 1969, 2009,
2029, 2229, 2250, 2332, 2397, 2436, 2461, 2475, 2481, 2491, 2500,
2525, 2526, 2567, 2638, 2644, 2749, 2769, 2798, 2844, 2853, 2908
United States–States–Georgia 114, 214, 256, 259, 290, 803, 833,
878, 899, 920, 1013, 1342, 1842, 1870, 1914, 1920, 1948, 1954,
1955, 1979, 2056, 2063, 2064, 2070, 2103, 2241, 2256, 2318, 2326,
2347, 2388, 2445, 2475, 2592, 2612, 2681, 2725, 2770, 2789, 2825,
2859, 2875, 2881, 2898, 2990
United States–States–Hawaii 266, 290, 312, 313, 318, 323, 406,
617, 699, 700, 704, 840, 868, 998, 999, 1000, 1822, 2164, 2267,
2379, 2383, 2566, 2703, 2715, 2769
United States–States–Idaho 313, 2866
United States–States–Illinois 81, 82, 87, 200, 231, 236, 241, 251,
255, 268, 290, 312, 313, 351, 352, 381, 399, 406, 426, 442, 444,
450, 451, 453, 454, 457, 464, 465, 470, 473, 474, 487, 504, 513,
522, 544, 556, 557, 559, 567, 585, 587, 601, 602, 617, 619, 630,
631, 635, 644, 654, 659, 666, 696, 698, 707, 708, 709, 714, 718,
732, 736, 739, 740, 746, 751, 760, 765, 767, 780, 784, 788, 797,
800, 801, 803, 805, 806, 807, 813, 820, 825, 830, 833, 845, 847,
856, 878, 880, 881, 882, 894, 899, 907, 908, 920, 921, 925, 929,
931, 944, 959, 965, 971, 978, 980, 993, 1006, 1013, 1022, 1056,
1063, 1077, 1085, 1130, 1142, 1164, 1196, 1229, 1235, 1237, 1255,
1265, 1266, 1297, 1300, 1314, 1322, 1337, 1341, 1344, 1347, 1360,
1370, 1377, 1384, 1387, 1389, 1390, 1400, 1403, 1405, 1406, 1408,
1425, 1428, 1438, 1440, 1446, 1453, 1455, 1457, 1462, 1475, 1487,
1489, 1491, 1492, 1494, 1497, 1505, 1513, 1522, 1523, 1528, 1532,
1540, 1556, 1563, 1567, 1569, 1584, 1591, 1598, 1614, 1627, 1630,
1631, 1638, 1641, 1642, 1647, 1656, 1659, 1664, 1677, 1678, 1704,
1712, 1713, 1721, 1723, 1748, 1749, 1751, 1755, 1766, 1769, 1771,
1783, 1785, 1786, 1788, 1789, 1790, 1792, 1793, 1797, 1823, 1832,
1833, 1834, 1835, 1836, 1837, 1847, 1851, 1856, 1860, 1861, 1865,
1868, 1878, 1905, 1908, 1915, 1918, 1921, 1923, 1927, 1928, 1938,
1944, 1946, 1948, 1954, 1955, 1956, 1961, 1966, 1974, 1978, 1987,
1988, 1994, 2004, 2012, 2022, 2024, 2035, 2040, 2042, 2043, 2048,
2060, 2061, 2069, 2086, 2087, 2088, 2090, 2094, 2106, 2110, 2113,
2119, 2122, 2128, 2133, 2156, 2159, 2164, 2166, 2185, 2205, 2229,
2231, 2237, 2239, 2249, 2250, 2251, 2252, 2253, 2254, 2260, 2267,
2269, 2274, 2280, 2286, 2298, 2319, 2330, 2331, 2333, 2336, 2338,
2348, 2361, 2362, 2363, 2379, 2387, 2400, 2401, 2403, 2408, 2409,
2410, 2411, 2436, 2450, 2457, 2459, 2460, 2461, 2464, 2472, 2475,
2492, 2494, 2506, 2512, 2519, 2521, 2523, 2540, 2545, 2551, 2552,
2556, 2561, 2562, 2566, 2568, 2569, 2577, 2579, 2590, 2592, 2593,
2595, 2598, 2601, 2602, 2609, 2613, 2614, 2617, 2623, 2639, 2644,
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2645, 2651, 2676, 2681, 2683, 2684, 2687, 2689, 2691, 2694, 2700,
2725, 2738, 2750, 2758, 2768, 2774, 2775, 2776, 2777, 2778, 2782,
2783, 2784, 2785, 2786, 2787, 2823, 2834, 2835, 2836, 2837, 2839,
2850, 2851, 2855, 2891, 2902, 2935, 2936, 2952, 2961, 2962, 2964
United States–States–Indiana 251, 270, 274, 290, 312, 313, 330,
337, 338, 340, 391, 421, 512, 528, 560, 601, 606, 617, 631, 716,
736, 740, 774, 784, 796, 799, 801, 803, 804, 806, 819, 820, 827,
833, 856, 880, 881, 882, 888, 899, 916, 929, 937, 948, 957, 965,
996, 1002, 1006, 1013, 1044, 1084, 1093, 1099, 1135, 1145, 1149,
1150, 1152, 1153, 1192, 1223, 1225, 1256, 1290, 1315, 1345, 1346,
1362, 1367, 1375, 1381, 1386, 1393, 1445, 1451, 1487, 1512, 1514,
1532, 1580, 1584, 1607, 1644, 1656, 1686, 1689, 1722, 1727, 1740,
1749, 1751, 1791, 1794, 1798, 1816, 1838, 1844, 1862, 1880, 1912,
1929, 1955, 1963, 1995, 2014, 2016, 2021, 2029, 2033, 2046, 2069,
2072, 2092, 2133, 2153, 2174, 2250, 2251, 2265, 2326, 2336, 2361,
2380, 2382, 2409, 2410, 2414, 2436, 2592, 2595, 2601, 2639, 2644,
2665, 2668, 2725, 2782, 2909, 2984
United States–States–Introduction of Soybeans to. Earliest
document seen concerning soybeans in a certain U.S. state 49, 62,
81, 89, 216, 266
United States–States–Introduction of Soybeans to. Earliest
document seen concerning soybeans or soyfoods in connection with
(but not yet in) a certain U.S. state 290
United States–States–Introduction of Soybeans to. Earliest
document seen concerning the cultivation of soybeans in a certain
U.S. state 49, 62, 81, 89, 216, 244, 290
United States–States–Introduction of Soybeans to or Dissemination
of Soybeans from. Other or general information and leads
concerning the USA 14
United States–States–Introduction of Soybeans to. This document
contains the earliest date seen for soybeans in a certain U.S. state
62, 89, 204, 216, 266, 313, 2545
United States–States–Introduction of Soybeans to. This document
contains the earliest date seen for the cultivation of soybeans in a
certain U.S. state 62, 89, 216, 244, 290, 313, 2545
United States–States–Iowa 144, 184, 202, 212, 216, 225, 247, 250,
251, 261, 483, 523, 550, 565, 578, 617, 631, 667, 736, 740, 755,
768, 784, 801, 802, 806, 808, 815, 820, 833, 844, 847, 862, 867,
869, 881, 882, 883, 885, 889, 898, 900, 912, 917, 918, 926, 929,
941, 958, 965, 966, 967, 992, 995, 1006, 1010, 1013, 1024, 1056,
1061, 1070, 1074, 1075, 1079, 1086, 1092, 1094, 1110, 1114, 1116,
1117, 1136, 1168, 1169, 1170, 1179, 1191, 1264, 1266, 1267, 1284,
1291, 1293, 1294, 1297, 1302, 1317, 1325, 1341, 1357, 1365, 1373,
1380, 1395, 1487, 1496, 1501, 1532, 1543, 1545, 1584, 1617, 1648,
1649, 1651, 1657, 1661, 1677, 1681, 1683, 1689, 1690, 1700, 1713,
1717, 1721, 1725, 1726, 1732, 1741, 1742, 1749, 1750, 1751, 1756,
1757, 1772, 1781, 1782, 1815, 1819, 1820, 1821, 1823, 1827, 1847,
1863, 1864, 1865, 1877, 1885, 1927, 1954, 1955, 1957, 1968, 2029,
2069, 2078, 2082, 2121, 2133, 2146, 2183, 2202, 2229, 2245, 2250,
2253, 2264, 2283, 2309, 2329, 2336, 2338, 2379, 2408, 2410, 2412,
2429, 2436, 2449, 2452, 2457, 2465, 2489, 2490, 2496, 2502, 2507,
2513, 2529, 2545, 2549, 2550, 2555, 2595, 2601, 2604, 2639, 2651,

2683, 2691, 2700, 2707, 2716, 2725, 2750, 2752, 2760, 2778, 2782,
2783, 2787, 2793, 2838, 2841, 2842, 2854, 2869, 2891, 3001
United States–States–Kansas 195, 196, 197, 198, 200, 201, 202,
204, 207, 210, 212, 214, 215, 216, 223, 228, 232, 233, 235, 236,
237, 238, 239, 240, 241, 245, 246, 247, 248, 249, 250, 251, 252,
255, 258, 259, 260, 261, 262, 264, 268, 271, 274, 288, 290, 312,
313, 337, 338, 366, 406, 410, 421, 433, 443, 470, 480, 493, 525,
617, 631, 674, 803, 806, 833, 881, 882, 977, 1013, 1313, 1487,
1580, 1749, 1789, 1823, 1847, 1900, 1904, 1955, 2086, 2183, 2475,
2562, 2626, 2651, 2692, 2792, 2795, 2942, 2978
United States–States–Kentucky 89, 280, 287, 290, 337, 338, 358,
359, 375, 418, 421, 534, 631, 752, 837, 856, 878, 899, 937, 1006,
1339, 1343, 1598, 1627, 1755, 1954, 1955, 1958, 2037, 2189, 2208,
2258, 2281, 2288, 2361, 2373, 2378, 2445, 2472, 2475, 2494, 2503,
2546, 2557, 2565, 2584, 2585, 2592, 2643, 2657, 2682, 2862, 2904,
2905, 2913
United States–States–Louisiana 154, 532, 631, 803, 833, 843, 847,
878, 899, 915, 920, 1006, 1060, 1077, 1165, 1300, 1370, 1487,
1606, 1812, 1927, 1942, 1954, 1955, 1956, 1964, 2079, 2133, 2347,
2388, 2453, 2462, 2528, 2562, 2592, 2618, 2942, 2961
United States–States–Maine 244, 249, 290, 485, 631, 1013, 1749,
2457, 2759, 2771, 2794
United States–States–Maryland 290, 310, 355, 356, 357, 392, 536,
539, 558, 601, 617, 631, 658, 660, 664, 677, 682, 685, 712, 717,
729, 745, 765, 771, 788, 831, 838, 849, 851, 854, 855, 859, 891,
894, 899, 901, 922, 934, 954, 956, 960, 998, 999, 1000, 1013, 1043,
1045, 1064, 1077, 1082, 1100, 1164, 1176, 1197, 1198, 1199, 1232,
1239, 1243, 1244, 1277, 1298, 1300, 1363, 1370, 1394, 1404, 1423,
1430, 1434, 1450, 1459, 1470, 1472, 1485, 1504, 1506, 1522, 1533,
1534, 1536, 1541, 1544, 1562, 1578, 1605, 1617, 1657, 1659, 1691,
1692, 1746, 1749, 1753, 1759, 1796, 1803, 1813, 1826, 1830, 1831,
1839, 1859, 1861, 1872, 1883, 1922, 1931, 1937, 1970, 1975, 1983,
2004, 2013, 2137, 2160, 2191, 2197, 2233, 2250, 2322, 2361, 2475,
2543, 2613, 2614, 2615, 2644, 2668, 2677, 2678, 2754, 2768, 2769,
2942
United States–States–Massachusetts 62, 81, 82, 136, 194, 195, 196,
202, 210, 214, 221, 231, 251, 262, 268, 273, 290, 312, 313, 340,
406, 467, 514, 560, 564, 570, 574, 617, 631, 644, 673, 679, 688,
806, 927, 1013, 1481, 1496, 2410, 2545, 2562, 2650, 2651, 2677,
2866, 3007
United States–States–Michigan 290, 391, 478, 499, 628, 631, 651,
803, 833, 850, 881, 882, 944, 1013, 1020, 1023, 1080, 1085, 1141,
1297, 1427, 1487, 1616, 1868, 1915, 1954, 1955, 2029, 2194, 2226,
2227, 2295, 2472, 2524, 2562, 2592, 2601, 2717, 2779, 2962
United States–States–Minnesota 263, 290, 313, 391, 417, 631, 731,
750, 758, 764, 783, 803, 806, 823, 833, 835, 836, 848, 858, 880,
881, 882, 903, 944, 957, 1006, 1013, 1083, 1085, 1297, 1364, 1400,
1422, 1453, 1487, 1586, 1645, 1654, 1659, 1673, 1677, 1689, 1714,
1749, 1782, 1847, 1855, 1897, 1909, 1930, 1936, 1947, 1954, 1955,
1976, 1977, 2005, 2069, 2130, 2133, 2155, 2183, 2200, 2201, 2245,
2379, 2436, 2457, 2534, 2591, 2593, 2595, 2601, 2613, 2644, 2663,
2665, 2687, 2725, 2751, 2782, 2783, 2809, 2837, 2841, 2842, 2959
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United States–States–Mississippi 114, 290, 312, 313, 541, 575, 617,
631, 634, 655, 661, 715, 803, 833, 843, 847, 856, 878, 880, 899,
920, 1006, 1013, 1068, 1073, 1077, 1135, 1263, 1299, 1300, 1343,
1370, 1378, 1436, 1441, 1488, 1563, 1598, 1627, 1659, 1689, 1720,
1721, 1723, 1729, 1749, 1755, 1764, 1789, 1809, 1823, 1847, 1854,
1879, 1902, 1927, 1944, 1954, 1955, 1959, 1964, 1985, 1999, 2004,
2079, 2087, 2110, 2113, 2133, 2182, 2249, 2250, 2251, 2263, 2335,
2348, 2361, 2362, 2369, 2409, 2410, 2430, 2436, 2450, 2454, 2472,
2536, 2592, 2593, 2594, 2636, 2637, 2642, 2644, 2691, 2695, 2773,
2804, 2876, 2879, 2910, 2938, 2942, 2961, 3007
United States–States–Missouri 93, 202, 251, 268, 272, 290, 349,
411, 437, 487, 489, 517, 527, 535, 543, 548, 595, 597, 601, 609,
615, 616, 617, 620, 625, 629, 631, 637, 639, 641, 680, 681, 736,
740, 743, 755, 763, 789, 794, 801, 803, 833, 856, 878, 880, 881,
882, 895, 911, 914, 919, 920, 929, 948, 979, 983, 985, 1006, 1013,
1077, 1201, 1209, 1238, 1241, 1249, 1259, 1273, 1285, 1300, 1308,
1312, 1343, 1370, 1391, 1426, 1463, 1480, 1487, 1498, 1598, 1627,
1656, 1689, 1701, 1713, 1726, 1749, 1755, 1823, 1954, 1955, 1956,
2011, 2044, 2045, 2055, 2133, 2183, 2207, 2250, 2326, 2338, 2354,
2358, 2361, 2400, 2410, 2436, 2487, 2501, 2509, 2510, 2576, 2592,
2600, 2601, 2640, 2672, 2677, 2690, 2692, 2693, 2716, 2725, 2832,
2845, 2880, 2896, 2942, 2959, 2961, 2963, 2965, 2981, 2987, 3002,
3007

2335, 2362, 2389, 2410, 2430, 2436, 2463, 2475, 2554, 2592, 2622,
2644, 2668, 2669, 2670, 2677, 2752, 2764, 2766, 2778, 2888, 2902,
2911, 2922, 2930, 2942
United States–States–North Dakota 803, 833, 880, 881, 882, 944,
1013, 1297, 1749, 2183, 2592, 2663, 2787
United States–States–Ohio 81, 82, 83, 85, 86, 87, 88, 251, 267, 290,
310, 337, 338, 340, 347, 421, 429, 449, 455, 463, 481, 502, 508,
511, 518, 519, 608, 617, 622, 626, 631, 736, 748, 801, 806, 833,
881, 882, 905, 906, 924, 947, 950, 970, 976, 991, 1006, 1013, 1069,
1151, 1177, 1201, 1238, 1257, 1273, 1297, 1301, 1308, 1369, 1371,
1417, 1426, 1487, 1517, 1525, 1539, 1576, 1583, 1639, 1685, 1712,
1713, 1749, 1761, 1768, 1840, 1841, 1870, 1899, 1904, 1913, 1927,
1954, 1955, 1987, 1988, 2093, 2133, 2143, 2157, 2192, 2196, 2250,
2251, 2259, 2291, 2336, 2365, 2410, 2436, 2482, 2533, 2544, 2545,
2551, 2553, 2589, 2592, 2595, 2601, 2651, 2725, 2768, 2891, 2902,
2973
United States–States–Oklahoma 271, 290, 466, 481, 486, 803, 833,
878, 880, 920, 1013, 1077, 1300, 1370, 1542, 1954, 1955, 2592,
2942
United States–States–Oregon 290, 599, 1242, 1328, 1604, 1730,
1731, 1734, 1744, 1775, 1784, 1875, 1949, 2050, 2162, 2195, 2338,
2456, 2771

United States–States–Montana 2922
United States–States–Nebraska 202, 271, 290, 631, 801, 803, 820,
833, 1006, 1013, 1358, 1359, 1495, 1574, 1749, 1751, 1793, 2020,
2158, 2183, 2326, 2404, 2466, 2472, 2639, 2751, 2768, 2790, 2808,
2885, 2961

United States–States–Pennsylvania 268, 290, 296, 440, 458, 497,
631, 787, 876, 973, 1493, 1777, 1825, 1919, 2083, 2089, 2096,
2284, 2457, 2653, 2668, 2859, 2860, 2994
United States–States–Rhode Island 206, 290, 313, 340, 452, 1013,
2592

United States–States–Nevada 1950, 2041, 2184, 2652, 2672
United States–States–New Hampshire 290, 631, 1013, 2644, 2782
United States–States–New Jersey 153, 265, 290, 313, 324, 342,
344, 345, 362, 369, 372, 373, 374, 395, 397, 412, 424, 428, 430,
436, 445, 510, 531, 631, 676, 687, 694, 742, 747, 753, 798, 816,
818, 828, 940, 982, 1013, 1026, 1167, 1251, 1294, 1906, 1907,
2651, 2806, 2807
United States–States–New Mexico 331, 1882, 2187, 2457
United States–States–New York 81, 91, 148, 152, 193, 201, 251,
265, 290, 294, 296, 314, 316, 423, 488, 533, 549, 566, 590, 617,
631, 656, 657, 794, 824, 871, 890, 896, 942, 943, 990, 1013, 1118,
1123, 1133, 1184, 1283, 1708, 1711, 1749, 2083, 2267, 2290, 2291,
2310, 2314, 2324, 2360, 2375, 2418, 2434, 2435, 2520, 2545, 2583,
2601, 2651, 2771, 2794
United States–States–North Carolina 141, 153, 202, 203, 290, 313,
337, 338, 340, 376, 406, 421, 562, 601, 606, 617, 631, 649, 662,
778, 790, 795, 803, 833, 847, 856, 860, 866, 878, 880, 890, 899,
920, 936, 937, 949, 952, 979, 1006, 1013, 1056, 1073, 1077, 1118,
1128, 1202, 1203, 1250, 1252, 1253, 1299, 1300, 1343, 1348, 1370,
1372, 1499, 1520, 1546, 1579, 1598, 1618, 1627, 1636, 1683, 1689,
1702, 1713, 1755, 1843, 1865, 1886, 1945, 1954, 1955, 1959, 1998,
2065, 2069, 2117, 2147, 2248, 2250, 2251, 2261, 2264, 2297, 2298,

United States–States–South Carolina 49, 189, 214, 223, 228, 290,
379, 631, 636, 803, 833, 878, 899, 920, 1077, 1300, 1370, 1460,
1555, 1603, 1881, 1954, 1955, 2069, 2250, 2251, 2335, 2436, 2472,
2592, 2942, 2972, 2974
United States–States–South Dakota 216, 290, 665, 803, 833, 881,
882, 902, 1085, 1297, 1749, 1823, 2183, 2255, 2475, 2751, 2937
United States–States–Tennessee 165, 255, 290, 307, 313, 337, 338,
363, 421, 631, 803, 833, 878, 880, 899, 920, 1013, 1343, 1707,
1729, 1755, 1845, 1954, 1955, 1956, 2001, 2069, 2154, 2188, 2250,
2251, 2252, 2253, 2286, 2301, 2362, 2410, 2430, 2472, 2475, 2592,
2651, 2787, 2939
United States–States–Texas 247, 290, 803, 833, 878, 920, 1077,
1189, 1300, 1370, 1865, 1942, 1954, 2228, 2251, 2545, 2592, 2942,
2983
United States–States–Utah 227, 755, 1502, 1529, 1609, 1675, 1684,
1952, 1980
United States–States–Vermont 202, 221, 290, 631
United States–States–Virginia 14, 19, 189, 197, 206, 231, 251, 266,
290, 310, 312, 313, 315, 330, 336, 337, 338, 340, 348, 421, 458,
556, 631, 649, 803, 833, 846, 878, 899, 920, 984, 998, 999, 1000,
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1006, 1077, 1300, 1370, 1378, 1399, 1407, 1487, 1598, 1617, 1627,
1712, 1713, 1884, 1955, 2335, 2592, 2644, 2685, 2710, 2731, 2742,
2751, 2783, 2825, 2849, 2873, 2942, 2975
United States–States–Washington state 246, 290, 340, 467, 627,
1013, 1095, 1126, 1992, 2086, 2164, 2410, 2475, 2671, 2711, 2724,
2771, 2866, 2919
United States–States–West Virginia 290, 438, 617, 878, 1013
United States–States–Wisconsin 216, 290, 301, 312, 313, 380, 386,
387, 389, 390, 391, 402, 406, 425, 446, 450, 454, 465, 469, 509,
528, 563, 580, 582, 601, 611, 617, 631, 633, 634, 638, 650, 702,
703, 724, 731, 777, 806, 833, 834, 852, 853, 857, 873, 881, 882,
884, 892, 897, 933, 944, 1013, 1015, 1017, 1122, 1127, 1140, 1186,
1204, 1218, 1295, 1297, 1303, 1327, 1368, 1388, 1483, 1645, 1646,
1650, 1659, 1713, 1749, 1865, 1954, 2018, 2038, 2068, 2163, 2171,
2203, 2220, 2244, 2254, 2338, 2407, 2436, 2444, 2458, 2569, 2570,
2581, 2592, 2675, 2695, 2792, 2837, 2958, 2959
Upjohn, Inc. Named Pharmacia & Upjohn since 2 Nov. 1995 2029
Urease. See Enzymes in the Soybean–Urease and Its Inactivation
U.S. Regional Soybean Industrial Products Laboratory (Urbana,
Illinois). Founded April 1936. Analytical Section Merged into
Northern Regional Research Lab. (Peoria) 1 July 1942 635, 736,
740, 746, 749, 750, 763, 767, 768, 800, 801, 803, 806, 830, 833,
843, 844, 845, 847, 856, 878, 880, 881, 882, 894, 895, 899, 919,
920, 924, 941, 944, 980, 993, 1077, 1085, 1135, 1142, 1196, 1204,
1235, 1255, 1264, 1265, 1266, 1297, 1299, 1300, 1337, 1347, 1360,
1370, 1377, 1389, 1400, 1405, 1406, 1438, 1440, 1457, 1497, 1540,
1598, 1627, 1630, 1631, 1641, 1656, 1659, 1712, 1713, 1723, 1749,
1771, 1783, 1788, 1789, 1797, 1801, 1802, 1847, 1944, 1954, 1955,
1956, 2069, 2183, 2250, 2251, 2331, 2338, 2348, 2361, 2436, 2562,
2768, 2787, 2942
USA. See United States of America
USA–Food uses of soybeans, early. See Historical–Documents
about Food Uses of Soybeans (or recipes) in the USA before 1900

Varieties, soybean–Chinese. See Chinese Soybean Types and
Varieties
Varieties, soybean–European Chinese. See European Soybean Types
and Varieties
Varieties, soybean–Japanese. See Japanese Soybean Types and
Varieties
Variety development. See Breeding or Selection of Soybeans for
Use as Soy Oil or Meal
Variety Development and Breeding of Soybeans (General,
Including Varieties and Seeds) 313, 315, 320, 337, 338, 342, 366,
377, 409, 421, 450, 489, 506, 537, 572, 620, 629, 643, 662, 689,
690, 701, 723, 725, 740, 763, 797, 806, 807, 810, 820, 841, 845,
856, 868, 875, 878, 881, 882, 887, 901, 920, 928, 937, 939, 941,
951, 965, 975, 1006, 1009, 1012, 1042, 1077, 1126, 1163, 1227,
1240, 1262, 1268, 1279, 1288, 1297, 1300, 1302, 1346, 1370, 1438,
1440, 1484, 1488, 1493, 1580, 1608, 1689, 1713, 1721, 1728, 1729,
1739, 1746, 1749, 1750, 1751, 1752, 1753, 1760, 1764, 1767, 1781,
1786, 1799, 1800, 1801, 1802, 1806, 1811, 1830, 1847, 1865, 1866,
1867, 1882, 1909, 1916, 1971, 1973, 1998, 2009, 2035, 2047, 2048,
2087, 2091, 2111, 2116, 2118, 2119, 2126, 2134, 2155, 2164, 2167,
2178, 2187, 2191, 2210, 2222, 2226, 2231, 2259, 2265, 2269, 2297,
2300, 2302, 2316, 2326, 2331, 2334, 2335, 2339, 2362, 2364, 2377,
2384, 2392, 2394, 2397, 2398, 2406, 2413, 2415, 2416, 2430, 2432,
2433, 2443, 2444, 2459, 2464, 2475, 2484, 2485, 2531, 2536, 2537,
2538, 2540, 2552, 2566, 2579, 2590, 2594, 2605, 2607, 2613, 2614,
2636, 2637, 2662, 2663, 2665, 2666, 2667, 2673, 2687, 2692, 2693,
2696, 2701, 2718, 2720, 2755, 2764, 2768, 2773, 2777, 2787, 2796,
2797, 2834, 2850, 2891, 2901, 2942, 2965, 2979, 2984
Variety Development, Breeding, Selection, Evaluation, Growing, or
Handling of Soybeans for Food Uses 1453, 1822, 1985, 2366, 2379,
2547, 2567, 2639, 2644, 2663, 2684, 2700, 2715, 2716, 2717, 2751,
2782, 2783, 2787, 2891

USDA. See United States Department of Agriculture

Variety development of soybeans. See Breeding of Soybeans and
Classical Genetics, Germplasm Collections and Resources, and
Gene Banks, Irradiation of Soybeans for Breeding and Variety
Development

USDA National Agricultural Library (NAL, Beltsville, Maryland).
See National Agricultural Library (NAL, Beltsville, Maryland)

Variety names / nomenclature–standardization. See Nomenclature
of Soybean Varieties–Standardization of

USSR. See Europe, Eastern–USSR

Variety names of early U.S. soybeans. See Lists and Descriptions
(Official) of Early U.S. Soybean Varieties with Their P.I. Numbers
and Synonyms

Vanaspati (Vegetable Shortening, Vegetable Ghee, or Vanaspati
Ghee) 2616, 2759

Vegetable soybeans. See Green Vegetable Soybeans
Vanuatu. See Oceania
Varieties of soybeans–Earliest document seen... See Historical–
Earliest Document Seen
Varieties, soybean. See Soybean Varieties, Soybean Varieties USA–
Large-Seeded Vegetable-Type, Soybean Varieties USA–Special
High Protein

Vegetable-type or edible soybeans. See Green Vegetable Soybeans–
Large-Seeded Vegetable-Type or Edible Soybeans, General
Information About, Not Including Use As Green Vegetable
Soybeans
Vegetable-type soybeans. See Green Vegetable Soybeans–
Vegetable-Type, Garden-Type, or Edible or Food-Grade Soybeans
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War, world. See World War I–Soybeans and Soyfoods, World War
II–Soybeans and Soyfoods

Vegetarian Diets–Medical Aspects–Cancer 2668
Vegetarian Diets–Medical Aspects–Diabetes and Diabetic Diets 323
Vegetarian pioneers. See Gandhi, Mohandas K. (“Mahatma”)
(1869-1948), Jackson, James Caleb (1811-1881)
Vegetarianism–Concerning a Diet and Lifestyle Free of Flesh
Foods, But Which May Include Dairy Products or Eggs. See also:
Veganism 323, 693, 2698
Vegetarianism–Religious Aspects–Religions of Indian Origin–
Buddhism (Including Zen), Hinduism, Jainism, Yoga, and Ayurveda
97
Velvet Bean. Mucuna pruriens (L.) DC. Formerly: Mucuna utilis.
Formerly called Banana Bean (Rarely) or Velvetbean 337, 418, 419,
420, 631, 937
Vereenigde Ost-Indische Compagnie. See Dutch East India
Company

Waterproof goods or cloth. See Linoleum, Floor Coverings,
Oilcloth, and Waterproof Goods
Websites or Information on the World Wide Web or Internet 2771,
2860
Weeds–Control and Herbicide Use 94, 123, 139, 146, 245, 259,
296, 353, 418, 419, 589, 617, 622, 656, 690, 735, 772, 801, 854,
899, 902, 904, 905, 906, 907, 908, 941, 1064, 1086, 1112, 1135,
1140, 1177, 1179, 1232, 1238, 1264, 1287, 1290, 1299, 1325, 1342,
1363, 1364, 1365, 1487, 1544, 1566, 1598, 1600, 1627, 1658, 1680,
1689, 1753, 1764, 1811, 1823, 1830, 1856, 1937, 1983, 1991, 2000,
2029, 2047, 2065, 2069, 2115, 2134, 2152, 2153, 2229, 2240, 2241,
2255, 2273, 2297, 2298, 2326, 2334, 2340, 2343, 2350, 2400, 2401,
2410, 2417, 2424, 2430, 2436, 2486, 2502, 2513, 2536, 2569, 2598,
2604, 2698, 2699, 2717, 2720, 2725, 2727, 2728, 2731, 2764, 2782,
2792, 2837, 2907, 2909, 2911, 2926, 2932, 2947, 2959, 2962, 2967
Weight of soybean seeds. See Seed Weight / Size (Soybeans)–
Weight of 100 Seeds in Grams, or Number of Seeds Per Pound

Viability and life-span of soybean seeds. See Storage of Seeds
Western Samoa. See Oceania–Samoa
Videotapes or References to Video Tapes 2639
Vigna mungo. See Black gram or urd

Wheat Gluten. Chinese–Pinyin: Mianjin / Mian-jin. Wade-Giles:
Mienchin / Mien-chin 3, 407, 621, 631, 1709

Vigna unguiculata or V. sinensis. See Cowpea or Black-Eyed Pea

Wheat Gluten–Historical Documents Published before 1900 3, 1709

Vilmorin-Andrieux & Co. (France). In 1975 Vilmorin joined the
Limagrain Group (Groupe Limagrain) and is now officially named
Vilmorin s.a.. 94, 155, 183, 196, 256, 313, 366, 484, 693, 735, 875,
1234

Wheat used in Chinese-style soy sauce. See Soy Sauce, Chinese
Style, Made with a Significant Proportion of Wheat or Barley

Vitamin E (Eight Forms of Tocopherol, Natural Powerful
Antioxidants) 973, 1002, 2583

Whole Dry Soybean Flakes. See Microsoy Corp., Formerly Nichii
Company

Vitamins. See Antivitamin Activity and Antivitamins

Whole Dry Soybeans, Ground or Mashed to a Paste After Boiling,
or Ground Raw with Water to a Fresh Puree or Slurry (Including
Japanese Gô) 240

Vitamins (General) 406, 491, 643, 826, 876, 978, 1322, 1356, 1487,
1600, 1942, 2228, 2301, 2366, 2381, 2582, 2757, 2771
Vitasoy International Holdings Ltd. (Hong Kong Soya Bean
Products Co. Ltd. before 24 Sept. 1990), and Vitasoy (USA) Inc.,
(Brisbane, California–south of San Francisco). Including Nasoya
Foods (from Aug. 1990) and Azumaya Inc. (from May 1993).
Founded by K.S. Lo (Lived 1910 to 1995), in Hong Kong. Started
in March 1940 2717
Voandzeia subterranea or Voandzou. See Bambarra groundnuts
W. Atlee Burpee (Philadelphia, Pennsylvania) 2457
War, Civil, USA. See Civil War in USA (1861-1865)
War, Russo-Japanese. See Russo-Japanese War (1904-1905)–
Soybeans and Soyfoods

White soybeans. See Soybean Seeds–White

Whole Dry Soybeans (Used Boiled but Otherwise Unprocessed as
Food) 3, 38, 39, 81, 88, 93, 142, 146, 189, 243, 253, 310, 323, 406,
484, 617, 622, 675, 693, 699, 737, 750, 758, 791, 1013, 1928, 2083,
2129, 2286, 2298, 2432, 2562, 2579, 2598
Whole Dry Soybeans (Used Cooked or Unprocessed as Feed) 1, 4,
245, 617
Wild Annual Soybean (Glycine soja Siebold & Zuccarini, formerly
named G. ussuriensis Regel & Maack, and G. angustifolia Miquel)
61, 74, 76, 90, 98, 99, 100, 103, 105, 115, 117, 118, 125, 134, 135,
150, 167, 174, 175, 176, 178, 179, 185, 186, 191, 209, 222, 230,
265, 276, 278, 297, 312, 313, 314, 325, 326, 336, 367, 460, 461,
462, 468, 476, 551, 614, 645, 679, 688, 786, 1560, 1600, 1710,
1736, 1857, 1985, 2110, 2141, 2177, 2411, 2433, 2447, 2448, 2464,
2516, 2568, 2582, 2606, 2607, 2614, 2623, 2660, 2681, 2686, 2691,
2750, 2786
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Analyses 491, 646, 1487, 1598, 2228, 2274
Wild, perennial relatives of the soybean. See Neonotonia wightii
Wild, Perennial Relatives of the Soybean–Glycine Species (Glycine
albicans, G. aphyonota, G. arenaria, G. argyrea, G. canescens,
G. clandestina, G. curvata, G. cyrtoloba, G. falcata, G. gracei,
G. hirticaulis, G. lactovirens, G. latifolia, G. latrobeana, G.
montis-douglas, G. mycrophylla, G. peratosa, G. pindanica, G. G.
rubiginosa, G. stenophita, G. syndetika, G. tabacina, G. pullenii
tomentella) (Former Names and Synonyms Include G. sericea, and
G. tomentosa) 31, 32, 42, 44, 90, 92, 96, 101, 103, 105, 127, 135,
185, 191, 269, 276, 281, 286, 313, 383, 460, 505, 600, 1888, 1984,
2110, 2141, 2177, 2411, 2414, 2455, 2492, 2516, 2542, 2561, 2568,
2574, 2615, 2623, 2660, 2681, 2686, 2750, 2836, 2925

World War I–Soybeans and Soyfoods. Also known as the “First
World War” and “The Great War” 366, 392, 610, 779, 2366
World War II–Soybeans and Soyfoods. Also Called the “Second
World War” 746, 749, 750, 752, 755, 832, 840, 871, 1013, 1234,
1658, 1853, 2069, 2433, 2671, 2696
Worthington Foods, Inc. (Worthington, Ohio). Including Battle
Creek Foods (Michigan) from 1960, and Madison Foods
(Tennessee) from 1964. A subsidiary of Miles Laboratories from
March 1970 to Oct. 1982. Including Loma Linda Foods from Jan.
1990 1487

Wild Soybeans (General) 73, 104, 228, 459, 524, 614, 770, 1138,
1474, 1944, 2035, 2277, 2278, 2422, 2432, 2530, 2534, 2562, 2608,
2617, 2626

Yamei Kin (1864-1934). First Chinese Woman to Take a Medical
Degree in the United States. Also Miss Y. May Kin and Mrs. Kin
Eca da Silva 901

Williams, Charles Burgess (1871-1947). North Carolina Soybean
Pioneer 2250, 2251, 2335

Yellow soybeans. See Soybean Seeds–Yellow

Wilson soybean variety. See Soybean Varieties USA–Mammoth
Yellow
Wing Seed Co. (Mechanicsburg, Champaign County, Ohio).
Founded 1909. Including Joseph Elwyn Wing (1861-1915), Charles
Bullard Wing (1878-1949), and David Grant Wing (1896-1984)
601, 1346, 1847, 2562, 2768
Winged Bean (Psophocarpus tetragonolobus) (Also Called FourAngled Bean, Goa Bean, Goabean, Asparagus Bean, Asparagus
Pea, Segidilla, Seguidilla or Seguidillas Bean, Square Podded Pea,
Square Podded Crimson Pea, Botor tetragonoloba, Dolichos-, or
Lotus tetragonolobus, Pois Carré, Kecipir or Ketjeper, Calamismis
or Kalamismis) 31, 38, 54, 60, 65, 78, 80, 90, 97, 100, 104, 106,
116, 144, 164, 337, 418, 419, 420, 1812, 2262, 2301, 2428

Yield Statistics, Soybean 85, 88, 93, 139, 140, 165, 184, 189, 197,
198, 199, 204, 214, 216, 221, 223, 239, 243, 245, 251, 255, 256,
257, 259, 268, 282, 297, 306, 307, 320, 323, 328, 329, 337, 338,
339, 366, 385, 406, 418, 419, 420, 421, 564, 569, 613, 617, 622,
638, 668, 695, 719, 722, 725, 735, 737, 781, 791, 810, 822, 830,
865, 944, 975, 1085, 1086, 1103, 1204, 1227, 1266, 1287, 1299,
1373, 1416, 1443, 1460, 1479, 1486, 1492, 1493, 1494, 1545, 1573,
1582, 1621, 1728, 1746, 1750, 1751, 1752, 1778, 1782, 1799, 1802,
1811, 1823, 1843, 1852, 1853, 1867, 1886, 1916, 1965, 1971, 1972,
1987, 2001, 2032, 2034, 2054, 2065, 2080, 2115, 2119, 2127, 2187,
2190, 2206, 2215, 2250, 2251, 2270, 2275, 2280, 2284, 2287, 2300,
2301, 2311, 2316, 2340, 2374, 2397, 2398, 2401, 2405, 2408, 2416,
2449, 2465, 2476, 2508, 2523, 2524, 2525, 2526, 2540, 2547, 2548,
2556, 2566, 2569, 2579, 2595, 2604, 2660, 2671, 2673, 2687, 2696,
2698, 2707, 2718, 2737, 2765, 2768, 2790, 2806, 2885, 2886
Yogurt, soy. See Soy Yogurt

Woodworth, Clyde M. (1888-1960, Plant Breeder, Univ. of Illinois)
399, 450, 492, 522, 564, 635, 649, 784, 797, 801, 803, 807, 820,
1749, 1908, 1974, 2069, 2250, 2251, 2436, 2569, 2755
Worcestershire Sauce (Soy Sauce Was the Main Ingredient before
the 1940s). Including Lea & Perrins in England 279
World 312, 323, 406, 496, 507, 617, 735, 841, 1383, 1396, 1450,
1490, 1507, 1508, 1627, 1942, 2186, 2227, 2228, 2231, 2237, 2274,
2297, 2298, 2424, 2428, 2513, 2541, 2604, 2658, 2749, 2764, 2835,
2954
World problems. See Hunger, Malnutrition, Famine, Food
Shortages, and Mortality, Protein Resources and Shortages, and the
“World Protein Crisis / Gap / Problem” of 1950-1979, Sustainable
Development and Growth
World problems–Environmental issues & concerns. See
Environmental Issues, Concerns, and Protection (General, Including
Deep Ecology, Pollution of the Environment, Global Warming, etc.)

Yuba as a Step in the Tofu- or Soymilk-Making Process 4
Yuba–Etymology of This Term and Its Cognates / Relatives in
Various Languages 4
Yuba (The Film That Forms Atop Soymilk When It Is Heated). In
Chinese (Mandarin): Doufu Pi (“Tofu Skin”) or Doufu Yi (“Tofu
Robes,” pinyin), Toufu P’i or Toufu I (Wade-Giles). EnglishLanguage Chinese Cookbooks and Restaurants: “Bean Curd Skin”
4, 171, 304, 310, 320, 406, 496, 617, 646, 672, 1450, 1942, 2083,
2228, 2699, 2727, 2759
Yugoslavia. See Europe, Eastern–Serbia and Montenegro
Zaire. See Africa–Congo (formerly Zaire). Officially Democratic
Republic of the Congo (DR Congo). Also known as CongoKinshasa
Zavitz, Charles Ambrose (1863-1942) of Ontario Agricultural
College, Canada 2792

World–Soybean Production, Area and Stocks–Statistics, Trends, and
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Zea mays. See Corn / Maize
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