#n

10




SOYBEANS:
Improvement, Production,
and Uses

Second Edition

J. R. Wilcox, editor

Editorial Committee
H. R. Boerma
E. J. Kamprath
L. E. Schrader

Senior Managing Editor: D. A. Fuccillo
Managing Editor: S. H. Mickelson
Editor-in-Chief ASA Publications: D. R. Buxton
Editor-in-Chief CSSA Publications: E. S. Horner
Editor-in-Chief SSSA Publications: J. J. Mortvedt

Number 16 in the series

AGRONOMY

American Society of Agronomy, Inc.
Crop Science Society of America, Inc.
Soil Science Society of America, Inc.
Publishers
Madison, Wisconsin, USA

1987



Copyright © 1987 by the American Society of Agronomy, Inc., Crop
Science Society of America, Inc., Soil Science Society of America,
Inc.

ALL RIGHTS RESERVED UNDER THE U.S. COPYRIGHT
LAW of 1978 (P. L. 94-553)

Any and all uses beyond the limitations of the “fair use” provision
of the law require written permission from the publishers and/or
author(s); not applicable to contributions prepared by officers or
employees of the U.S. Government as part of their official duties.

American Society of Agronomy, Inc.

Crop Science Society of America, Inc.

Soil Science Society of America, Inc.

677 South Segoe Road, Madison, WI 53711 USA

Library of Congress Cataloging-in-Publication Data
Soybeans: Improvement, Production, and Uses
(Agronomy ; no. 16)
Includes bibliographies and index.
1. Soybean. 1. Wilcox, J. R. II. Series.

SB205.87856 1987  633.34 86-28757
ISBN 0-89118-090-7

Printed in the United States of America

iv



SOYBEANS:
Improvement, Production,
and Uses

Second Edition



AGRONOMY
A Series of Monographs
The American Society of Agronomy and Academic Press published the first six books in this series.

The General Editor of Monographs | to 6 was A. G. Norman. They are available through Academic
Press, Inc., 111 Fifth Avenue, New York NY 10003.

)

2
3
4

w

S.
7

8.

9.

21.

22,

23.

24,

25,

26.

27,

. C. EDMUND MARSHALL: The Colloid Chemical of the Silicate Minerals, 1949
. BYRON T. SHAW, Editor: Soil Physical Conditions and Plant Growth, 1952
K. D. JACOB, Editor: Fertilizer Technology and Resources in the United States, 1953

. W. H. PIERRE and A. G. NORMAN, Editors: Soil and Fertilizer Phosphate in Crop Nutrition,
1953

. GEORGE F. SPRAGUE, Editor. Corn and Corn Improvement, 1955
. J. LEVITT: The Hardiness of Plants, 1956

The Monographs published since 1957 are available from the American Society of Agronomy, 677
Segoe Road, Madison, WI 53711.

. JAMES N, LUTHIN, Editor: Drainage of Agricultural Lands, 1957  General Editor, D. E. Gregg
FRANKLIN A. COFFMAN, Editor: Oats and Oat Improvement, 1961

Managing Editor, H. L. Hamilton
A. KLUTE, Editor-Methods of Soil Analysis, 1986
Part 1—Physical and Mineralogical Methods, Second Edition Managing Editor,R. C. Dinauer

A. L. PAGE, Editor: Methods of Soil Analysis, 1982
Part 2—Chemical and Microbiological Properties, Second Edition Managing Editor, R. C. Dinauer

. W. V. BARTHOLOMEW and F. E. CLARK, Editors: Soil Nitrogen, 1965

(Out of print; replaced by no. 22) Managing Editor, H. L. Hamilton
. R. M. HAGAN, H. R. HAISE, and T. W. EDMINSTER, Editors: Irrigation of

Agricultural Lands, 1967 Managing Editor, R. C. Dinauer

. FRED ADAMS, Editor: Soil Acidity and Liming, Second Edition, 1984
Managing Editor, R. C. Dinauer
. K.S. QUISENBERRY and L. P. REITZ, Editors: Wheat and Wheat Improvement, 1967
Managing Editor, H. L. Hamilton
. A. A. HANSON and F. V. JUSKA, Editors: Turfgrass Science, 1969
Managing Editor, H. L. Hamilton
. CLARENCE H. HANSON, Editor. Alfalfa Science and Technology, 1972
Managing Editor, H. L. Hamilton
. J.R. WILCOX, Editor: Soybeans: Improvement, Production, and Uses, Second Edition, 1987
Senior Managing Editor, D. A. Fuccillo
. JAN VAN SCHILFGAARDE, Editor: Drainage for Agriculture, 1974
Managing Editor, R. C. Dinauer
. GEORGE F. SPRAGUE, Editor: Corn and Corn Improvement, 1977
Managing Editor, D. A. Fuccillo
. JACK F. CARTER, Editor: Sunflower Science and Technology, 1978
Managing Editor, D. A. Fuccillo
. ROBERT C. BUCKNER and L. P. BUSH, Editors: Tall Fescue, 1979
Managing Editor, D. A. Fuccillo
M. T. BEATTY, G. W. PETERSEN, and L. D. SWINDALE, Editors:
Planning the Uses and Management of Land, 1979 Managing Editor, R. C. Dinauer
F.J. STEVENSON, Editor: Nitrogen in Agricultural Soils, 1982
Managing Editor, R. C. Dinauer
H. E. DREGNE and W, O. WILLIS, Editors: Dryland Agriculture, 1983
Managing Editor, D. A, Fuccillo
R.J. KOHEL and C. F. LEWIS, Editors: Cotton, 1984
g R Managing Editor, D. A. Fuccillo
N. L. TAYLOR, Editor: Clover Science and Technology, 1985
Managing Editor, D. A. Fuccillo
D. C. RASMUSSON, Editor: Barley, 1985
Managing Editor, D. A. Fuccillo
M. A. TABATABALI, Editor: Sulfur in Agriculture, 1986
Managing Editor, R. C. Dinauer



Top left, soybean flower; top right, developing soybean pods; botfom, raceme of mature
soybean pods. Courtesy, Michiel A. Smit, Republic of South Africa.




Foreword

The first edition of Soybeans: Improvement, Production, and Uses was
published in 1973, when demand for soybean exceeded supplies. World
production was continuing to expand and prices had reached unprece-
dented highs. Fourteen years later, the U.S. cropland planted to soybean
has stabilized at levels somewhat lower than the record high in 1982.
Ample world supplies of soybean has resulted from U.S. production and
greatly increased production in South America, primarily in Brazil and
Argentina.

The high demand for soybean at the time the initial edition of this
monograph was being prepared stimulated increased research. This re-
search focused on production practices that would have an immediate
effect on increasing soybean supplies. Additional research efforts were
directed toward protecting the crop from losses due to pathogens, insects,
and weeds. Research efforts also concentrated on improving its produc-
tivity (yield) through breeding and genetics. Increased research was also
directed toward increasing our knowledge of physiological processes of
the plant that would open the way for further improvements in soybean
production efficiency and in quality of soybean products.

The increased research effort on soybean rapidly expanded our
knowledge of this crop. This edition of the soybean monograph is a
reflection of that increased research effort. This edition summarizes our
current knowledge on the soybean as a plant, as a crop, and on the
utilization of soybean products. It will be a useful reference on the state
of our current knowledge and should serve as a basis for continuing
research on this economically important crop plant.

D. N. Moss, president, 1986
American Society of Agronomy

J. B. Beard, president, 1986
Crop Science Society of America

John Pesek, president, 1986
Soil Science Society of America
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Preface

Soybean, Glycine max (L.) Merr., has become the major source of edible
vegetable oils and of high protein feed supplements for livestock in the
world. A native of Eastern Asia, the soybean was introduced into the
USA where it has become a major agricultural crop and a significant
export commodity.

Research on soybean has been in proportion to production of the
crop. As demand for soybean increased and area planted to the crop
expanded, research support for the crop was also increasing. The in-
creased support for soybean research has resulted in a rapid increase in
the breadth and depth of our knowledge about this major crop. The
second edition of Soybeans: Improvement, Production, and Uses, presents
the current status of our knowledge at a time when this knowledge base
is expanding rapidly.

This edition has been organized to reflect those areas where recent
research has had the greatest impact. In all chapters, authors have re-
viewed our knowledge in specific areas but emphasis has been on research
progress during the past 14 yrs.

Chapter 1 documents recent changes in world distribution and pro-
duction of soybean and the economic and political reasons for those
changes. Chapter 2 reports changes in the taxonomic history of the
Phaseoleae with respect to the genus G/ycine and our current knowledge
of relationships among species in this genus.

There are two chapters on morphology, one each on vegetative and
reproductive morphology. These were included in this edition of the
monograph because information on anatomy and morphology are basic
to our understanding of all plant processes. These chapters are a con-
solidation of this information where it will be readily accessible to those
involved in soybean research and technology.

Information on genetics, cytogenetics, and breeding methods is in-
cluded in chapters 5 through 7. There has been a rapid increase in our
knowledge of the genetics of this crop, including the identification of over
200 genes and several linkage groups. The rate of cultivar development
has increased rapidly during the past 14 yrs with the research efforts of
commercial plant breeders. These changes have had a major impact on
cultivar development and on the wide choice of cultivars available to
soybean producers.

Various aspects of soybean production are reviewed in chapters 8
through 12. Seed production and technology is an important aspect of
soybean production that is covered for the first time in this edition of
the monograph. Chapter 9 on crop management reflects the rapid changes
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in production practices that have o¢cuftréd turing the past 14 yrs. Edaphic
factors, including fertility, liming, tillage practices to minimize soil ero-
sion, and effective water management are reviewed in these chapters of
the monograph.

Perhaps our greatest advances in knowledge about the soybean has
been in plant metabolism. This is reflected in individual chapters 13, 14,
and 16 on N, C, and seed metabolisms. Included with these is chapter
15 on stress physiology since the soybean plant may be subjected to stress
throughout its development.

Chapter 17 documents the recent advances in our knowledge of fun-
gal disease of soybean. Although no new serious fungal diseases of soy-
bean have been identified, many new races of specific pathogens, such
as Phytophthora megasperma f. sp. glycinea have been identified. Lo-
cating genes for resistance to these races and incorporating the genes into
new cultivars has been an integral part of most soybean improvement
programs. Chapter 18 documents information about viral and bacterial
diseases that are naturally occurring on soybean.

Nematodes, major pathogens of soybean in the South, have become
a significant factor affecting soybean production in the Midwest. Chapter
19 reviews the progressive increase in the area infested by the soybean
cyst nematode and strategies to limit losses associated with these path-
ogens.

Losses due to many soybean pests are limited by integrated systems
of pest management. This recently developed control strategy is illus-
trated in chapter 20 on controlling insect pests of soybean.

Chapter 21 is on processing and utilization. This chapter describes
in detail how soybean crops are processed, utilized, and require special
handling. The final use of the crop will affect research to expand our
knowledge of the crop and to improve production efficiency.

Mention of a trade name, proprietary product, or specific equipment
does not constitute a guarantee or warranty by the U.S. Department of
Agriculture or the American Society of Agronomy and does not imply
its approval to the exclusion of other products that may be suitable.

My appreciation and gratitude is expressed to the Editorial Com-
mittee of this edition of the soybean monograph, Drs. H. R. Boerma,
E. J. Kamprath, and L. E. Schrader. They represent different disciplines
in soybean research and as members of the Editorial Committee have
been fully involved in the development of chapter subjects, selection of
authors, and in reviewing completed manuscripts. My appreciation is
also extended to the many scientists who assisted with chapter reviews.
I am especially grateful to-Domenic Fuccillo and the staff at the American
Society of Agronomy Headquarters who have been responsible for the
myriad of details involved in the final editing of the manuscripts and the
printing of this monograph.

James R. Wilcox, editor
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