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2. Improved Production Management Practices 

The list of improved production management 
practices for soybean associated with the results 
of MAES research is a long one. The list includes 
production management related to: 

a) row spacing; 

b) rotation effects; 

c) weed control; 

d) disease control; 

e) soil fertility; 

f) tillage and residue management; 

g) planting dates; 

h) seeding rates; 

i) precision farming; 

j) overall crop systems management. 

An estimated 50 percent of soybean yield gains 
come from these and other improved produc
tion practices. 

3. Animal Nutrition and Performance 

Major gains have been made in the knowledge 
base for soybean based feeds in the nutrition 
and performance of all major animal species 
produced in Minnesota. Special processing has 
been shown to improve the efficiency and 
competitiveness in some soybean based feeds, 
and soybean hulls have been found to be an 
effective ingredient in some livestock rations. 
Research has also indicated that soybean meal 
is an effective and economical ingredient in 
aquaculture (fish) feeds. Benefits from this re
search accrue both to soybean growers via 
expanded markets, and to livestock producers 
via increased profits. 

4. Human Nutrition and Health, Food Process
ing and New Food Products 

MAES research has made major contributions 
to knowledge both of the role of soybean based 
food products in human health and nutrition, 
and in the use of soybean and soybean derived 
products in the commercial consumer food 
market As a result, benefits have accrued via 
expanded markets and increased value-added 
for soybean. 

Soybean based products have been found to 
contribute substantially to improved nutrition 

and health, the latter including benefits for 
chronic cardiovascular diseases and colon 
cancer. Rather clearly, prospects are good for 
future expansions in the demand for soybean 
and soybean products in commercial food 
markets. 

5. Market and Policy Analysis 

MAES research has contributed in a major way 
to knowledge regarding the changing structure 
of markets for soybean and soybean products 
in our dynamic global marketplace. Because 
farm programs, trade policies, health and safety 
standards, and environmental regulations impact 
heavily on the Minnesota soybean industry, 
significant research benefits result from both 
improved marketing strategies and from better 
informed public policies. 

6. Training and Education 

A major benefit from the MAES soybean re
search program is the training of future soybean 
breeders and other research scientists. Another 
important benefit is the use of research based 
information in extension and education pro
grams. These are benefits uniquely available 
through the research conducted as part of the 
land grant university mission. 

7. A High Rate-of-Return on Soybean Research 

The dollar returns to measurable market benefits 
from the soybean research program at the MAES 
and other state agricultural experiment stations 
are high. The annual rate-of-return to the research 
investment is estimated at between 70 and 200 
percent during the past 20 years. These high 
returns are several times rates typically required 
for investments by private firms. Retention of 
these high rates-of-return depend crucially on 
retaining a strong market for soybean and soy· 
bean products, and on the continuation of a 
strong, multi-purpose research program. 

ECONOMIC GAINS FROM THE 
MINNESOTA SOYBEAN SEDOR 

During the decades of the 1970s and 1980s, 
Minnesota producers increased the acreage 
of soybean harvested from about 3 million to 
almost 5 million acres, an increase of about 66 
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percent. Harvested yields increased by 52 per
cent, from 24.7 to 37.5 bushels per'acre, and the 
annual farm-level value of soybean production 
increased from $200 million to $1.04 billion. 
These are very impressive growth rates for the 
soybean production sector and well in excess of 
those realized for the U.S. as a whole. 

Several factors other than MAES research con
tributed to these large increases in acreage and 
yields. However, it is unlikely these large produc
tion gains could have been realized without a 
strong public research program for soybean. 

Finally, the economic multiplier, value-added and 

INTRODUCTION 

Any brief report of soybean related research 
at the University of Minnesota over the past 20 
years will, of necessity, omit some very impor
tant work. This is true for two reasons. First, the 
volume and diversity of research is too extensive 
to report in its ~ntirety. Second, much of the 
research is of a generic type which is important 
not only for soybean and soybean products, but 
for other agricultural (and sometimes for nonag
ricultural) commodities as well. The latter in
cludes, for example, much of the research in 
plant geneticsrplant physiology, pest manage
ment, soils, marketing, engineering, product 
processing, human and animal nutrition, trans
portation, farm management, etc. And, although 
applied (problem solving) research is of primary 
interest to the soybean industry, most applied 
research depends heavily on more basic re
search. In fact, for many situations, it is virtually 
impossible to conduct problem solving research 
for soybean without first upgrading the more 
basic science knowledge base. 

Several characteristics of agricultural research 
are important when evaluating investments in 
soybean research. First, research at the MAES 
is conducted in conjunction with other units of 
the university and with other public and private 
organizations. It has been estimated that for 
public agricultural research generally, about one
third of the productivity from science oriented 
research and two-thirds of the productivity from 
technology related research is realized within the 
state doing the research, in this case Minnesota. 
The balance spills out to other states and re-
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export earning effects of the Minnesota soybean 
industry for the Minnesota economy are very 
large. In 1990, every dollar of the approximately 
$465 million current year expenditures by the oil 
bearing crop sector (mainly soybean producers) 
generated about 2.45 dollars of sales in the 
Minnesota economy. A comparable economic 
multiplier for the $554 million in. current year 
expenditures by the soybean oil mill sector was 
an even greater 3.3. The oilseed industry (mainly 
soybean) was also a major contributor to total 
export earnings for the Minnesota economy in 
1990, with domestic and foreign exports of 
about $550 million. 

gions, but in return, other states' research results 
spill in for possible use in Minnesota. 

In the specific case of soybean, however, we 
have estimated that as much as 80 percent of 
the technology related productivity comes from 
research conducted within the state. This is true 
largely because soybean varieties (and particular
ly those bred for Minnesota's northern latitude) 
are best adapted to rather narrow geo-climatic 
ranges. In addition, other best production tech· 
nologies and management practices for soybean 
are more geo-climatic specific than for most 
other crops. The consequence of Minnesota 
specific research not being available would be 
substantial additional cost to Minnesota farmers 
in having to grow varieties or use other produc
tion practices not well adapted to Minnesota 
growing conditions. 

A second characteristic of agricultural research is 
the need for continuity. Jn the case of soybean, 
an estimated 35 percent of research investment 
goes just to maintain previous productivity gains 
by preventing technology erosion from diseases 
and other problems. Thus, discontinuance of 
soybean research would soon result in produc
tivity declines. And the "closing down11 and 
"starting up" costs of research are substantial. 
Afso, since a major function of soybean research 
at the University of Minnesota is to train the 
future generations of soybean breeders and 
other research scientists, the "human resource" 
costs of curtailing research, even temporarily, 
would be substantial. 

3 
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KEY OBJECTIVES OF SOYBEAN RESEARCH AT 
THE UNIVERSITY OF MINNESOTA 

The soybean research program at the MAES 
over the past two decades has focused on five 
major but interrelated objectives: 

I. Enhancing income for the soybean sector, 
particularly farmers, through improved 
production efficiency and cost reduction. 

A high proportion of the research in plant breed
ing, plant pathology, entomology, soils, engineer
ing, farm management, and marketing is aimed 
at this objective. Although a major source of per
unit cost reduction is increased yields, it is by no 
means the only one. And, cost reduction and 
quality improvements can be and have been 
achieved across the entire production, marketing 
and product processing spectrum. 

II. Increasing the size of the market for 
soybean and soybean products. 

There are several important components of 
market expansion, including cost competitive
ness, improved product quality, and expanded 
product uses, the latter often requiring new 
products and/or new processing methods. And, 
as a practical matter, there is often a high degree 
of interaction between increased size of market, 
on the one hand, and improved efficiency and 
product quality, on the other hand. 

Ill. Improved health and nutrition. 

Increased concern for human health and nutri
tion has accelerated the interest in producing 
high quality, healthy, nutritious food products. 

Fortunately, soybean and soybean products have 
characteristics desirable both for human food 
and for animal feeds. As a result, this research 
objective has taken on a much expanded role 
in both production and utilization research. 

IV. Environmental quality and resource 
sustainability~ 

A key consideration in recent and current re
search at the MAES is minimizing the adverse 
side effects of agricultural production technolo
gy. Research efforts include those aimed at 
reductions of surface and underground water 
pollution, chemical residues on farm products, 
human exposure to toxic chemicals and soil loss 
via erosion. Key research challenges are to 
achieve these goals while maintaining soil fertil
ity, crop yields, cost competitiveness and prod
uct quality. 

V. Training and extension. 

In addition to producing research knowledge, 
the MAES soybean research program serves two 
other important joint objectives. First, as indicat
ed previously, it serves as a training ground for 
future plant breeders and other scientists. Sec
ond, university researchers disseminate their 
research results, and those of others, both 
through their individual extension and public 
service activities and by providing an information 
base for the extension and/or education pro
grams of others. These educational efforts repre
sent a major payoff for university research, on 
the one hand, and help guide the objectives of 
the research program, on the other hand. 

MAJOR RESEARCH INITIATIVES FOR SOYBEAN 
OVER THE PAST 20 YEARS----------

In the sections that follow, the major MAES 
research initiatives for the past 20 years are 
classified into 23 categories. Although other 
classification systems could be developed, and 

some categories in any system are sure to be 
overlapping, this classification is at least manage
able in terms of numbers. For space reasons, 
most technical details are omitted from the 
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discussion as is a listing of most individual re
search scientists. Because of a need to aggregate 
some research initiatives, a number of smaller 
projects including some graduate student theses 
and other short-term investigations receive little 
or no mention. 

PRODUCTION RELATED RESEARCH 

1. Plant Breeding and Variety Testing 

The largest soybean research initiatives of the 
MAES have been those of developing new and 
improved varieties, and of testing the perfor
mance of these and other available varieties 
under alternative production environments 
throughout this state and elsewhere. This re
search initiative is a continuing one extending 
through every year of the study period. The early 
project leader was soybean breeder Jean lam
bert who was succeeded by Jim Orf in 1981. 

This research is centered in the Department 
of Agronomy and Plant Genetics. Cooperators 
include other departmental staff (physiology, 
genetics, and weed science and management), 
branch station agronomists and staff, staff in a 
number of other departments in the MAES and 
farmer-cooperators. Staff from other academic 
departments become involved particularly with 
respect to special problems and interests. The 
project also involves a winter nursery in Chile 
and public and private cooperative trials outside 
Minnesota. 

The plant breeding and variety testing initiative 
has several key objectives: 

a) Development of new high-yielding, hazard
resistant, high quality varieties adapted to the 
various maturity requirements of Minnesota 
and surrounding states (Groups 00 through 
early II). 

b) Generation of new information on soybean 
genetics and breeding methodology that will 
facilitate the development of improved 
varieties and/or germ plasm. 

c) Contributing to the training of graduate stu
dents in plant breeding and related subjects. 

d) Testing of varieties that have been developed 
in other programs (public or private) and 
which may be marketed in Minnesota. 

This research initiative serves as the outlet or 

Miscellaneous Publication 81-1994 

Soybean Related Research at the University of Minnesota 

application point of much of the soybean re
search done by other scientists in both the MAES 
and elsewhere. 

2. Pathology of Soybean Diseases 

MAES has conducted a comprehensive and 
continuing research initiative for the identifica
tion and management of soybean diseases. 
Phytophthora root rot has been a continuing 
disease problem, and in 1978 the presence of 
soybean cyst nematode (SCN) was detected in 
southern Minnesota. SCN has since become 
a disease problem of major proportions. Other 
diseases are brown root rot, powdery mildew, 
Sclerotinia white mold, and pod and stem blight 

The Minnesota Extension Service Plant Disease 
Clinic has undertaken a major effort to sample 
and evaluate SCN populations in soil samples 
and makes this testing service available to soy
bean producers. A continuing research effort 
exists to evaluate the incidence of soybean 
diseases in Minnesota, to evaluate alternative 
treatment and management methods, and to 
transmit this information to producers via plant 
disease clinics and other informational vehicles. 

The most cost-effective technology for soybean 
disease control is in finding disease resistant 
genes and developing new resistant varieties. 
A particular problem in Minnesota is to achieve 
both disease resistance and hardiness in the 
same genetic materials. A recent major research 
initiative has undertaken mapping and character
izing genes for resistance to SCN. Since no 
chemicals are available for SCN control, man
agement must depend heavily on developing 
varietal genetic resistance and improved crop 
rotation management. 

A special study conducted during the early part 
of the 1980s evaluated the effects of increased 
air pollution on Minnesota crops. This study 
included an emphasis on soybean because it 
can suffer significant damage from excessive air 
pollution. 

3. Weed Control and Management 

Both grass weeds and broad-leaved weeds 
represent major economic problems in soybean 
production. As a result, a major continuing · 
MAES research initiative focuses on weed man
agement strategies. This research initiative pro
ceeds along several major fronts to study: 
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a) the biology of selected weed species impor
tant to soybean; 

b) the effectiveness of individual herbicides on 
weed control; 

c) genotype-herbicide interactions and the 
inheritance of tolerance to herbicide damage; 

d) the effects of mechanical and cultural weed 
control. 

A significant research focus has been on devel
oping soybean varieties with increased tolerance 
to ~pecific herbicide groups. In the past 20 years 
the major strategy for weed control in soybean 
has been the use of pre- and post-emergence 
herbicides. Research on the effective control 
of weeds with herbicides has required develop
ment of new herbicide spraying technology by 
agricultural engineers and the establishment of a 
weed nursery at the Rosemount branch station. 
It has also required extensive field trials at other 
branch stations and with farmer<ooperators. 

With the recent concern over adverse environ
mental externalities from herbicide use, reducing 
herbicide application rates, often in conjunction 
with modified tillage methods, has received 
additional research attention. In total, the weed 
control research initiative developed by the 
MAES has been a substantial one. Major leader
ship for this research is located in the Depart
ment of Agronomy and Plant Genetics. 

4. Improving the Nitrogen Fixation Capacity of 
Soybean 

Because of its potential economic and environ
mental importance, this initiative has received 
intensive continuing research attention in a num
ber of individual research projects. The research 
has, among other efforts, involved several major 
components: 

a) identifying and inventorying rhizobia and 
nitrifying bacteria in soils and rhizospheres; 

b) characterizing rhizobia for competitive ability, 
nitrogen fixing ability and effects on soybean 
yields; 

c) evaluating genetic interaction of host and 
microbe affecting soybean nodulation 
specificity; 

d) identifying and cloning microbial genes 
affecting genotype-specific nodulation of 
soybean. 

Biological nitrogen fixation is now being re-

searched in the Department of Soil Science on 
two major fronts, via microbiology and genetic 
engineering. In addition, because soil N03 and 
fertilizer N have been shown to reduce or delay 
nodulation formation on soybean in the northern 
Minnesota climate, extensive study has been 
made of the impact of inoculation and use of 
fertilizer nitrogen in soybean production. The 
ultimate objective of this research initiative is to 
develop the most effective technologies possible 
for biological nitrogen fixation in conjunction 
with soybean production. 

5. Soybean Performance Response to Fertilizers 
and Iron 

MAES research has shown that soybean yield 
response to fertilizer phosphorus and potassium, 
particularly the former, is a key dete~minant of 
producer profits. Proper placement of phospho
rus and potassium has also been identified as 
a major consideration in the effective utilization 
of conservation tillage management practices 
in corn-soybean rotations. In addition, some 
soybean varieties (on some soils) suffer from 
yield reducing impacts of iron chlorosis. Exten
sive screening of soybean varieties has been 
undertaken to determine which varieties are 
subject to iron chlorosis. A final component 
of fertility analysis is that of developing recom
mended fertilizer rates and management practic
es for Minnesota farmers. 

6. Control of Insect Pests in Soybean 

Minnesota soybean producers are fortunate in 
not being plagued with major insec;t problems. 
Significant insect problems do, however, occur 
with infestations of spider mites and lister beetles 
during years of substantial drought. In addition, 
other minor insect problems do occur and 
insects serve as a vector for two soybean virus 
diseases, soybean mosaic virus and bean pod 
mottle virus. As a result, a continuing research 
initiative in the Department of Entomology exists 
to identify insects, monitor infestations, and test 
and evaluate control strategies. Specific research 
projects have been conducted on control of 
bean leaf beetle, potato leaf hopper and yellow 
woolly bear in soybean. 

7. Plant Physiology and Endogenous Hormones 

As for other plants, vegetative growth, seed 
development and composition of soybean are 
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affected significantly by a number of variables. 
These include environmental stress factors (such 
as water, temperature and photosynthetic peri
od) and the action of endogenous hormones. 
Basic understanding of the physiological relation
ships involved in the soybean plant is essential . 
to effective plant breeding and soybean manage
ment strategies. Thus an extensive program of 
research on the physiology of soybean produc
tivity has been conducted on a continuing basis 
by the MAES principally in the departments of 
Agronomy and Plant Genetics and Horticultural 
Science. 

8. Soybean Tissue Culture 

Among the many major achievements of mod
em biotechnology research is the use of organo
genic tissue culture to regenerate plants such 
as soybeans. A major new research initiative of 
the MAES is using the procedure to regenerate 
a number of soybean genotypes screened for 
their susceptibility to transformation via this 
technique. This research, being conducted in 
the Department of Agronomy and Plant Genet
ics, is of an experimental nature. The soybean 
genotypes being tested are promising candidates 
for future studies to transfer foreign (desirable) 
genes into soybean genotypes of maturity 
groups that can be grown commercially in 
Minnesota. 

9. Molecular Biology/Genetics 

Research initiatives have been under way in 
recent years to use techniques of molecular 
biology and molecular genetics to examine the 
possibility of modifying soybean quality charac
teristics (e.g., oil and protein content). This highly 
technical and experimental research may eventu
ally be an important tool in developing soybean 
varieties with highly desirable quality characteris
tics. Current research efforts in the departments 
of Agronomy and Plant Genetics and Soil Sci
ence include: 

a) studying the molecular genetics of an en
zyme (ACCase) required for fatty acid/oil 
synthesis, 

b) determining which storage protein genes are 
the most important contributors to total seed 
protein concentration in soybean, and 

c) determining whether individual protein genes 
are expressed differently during seed devel
opment among soybean genotypes. 
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10. Harvest and Postharvest Technologies and 
Management 

Historically, Minnesota farmers have suffered 
major economic losses during the processes of 
harvesting, drying and storage of crops including 
soybean. Agricultural engineers at the MAES, in 
conjunction with cereal chemists and other 
scientists, have developed selected prototype 
machinery and equipment. They have analyzed 
the effects on soybean losses and soybean 
quality of alternative harvest and postharvest 
technologies and management practices. Special 
research initiatives for soybean have included: 

a) the development of an improved reel design 
for specific use in harvesting of solid (drilled) 
soybean; 

b) the analysis of soybean seed coat cracking 
and procedures for its reduction; 

c) the effects of soybean oil on drying and 
handling properties of wet shelled corn. 

11. Hail Damage Assessment in Soybean 

In some years, hail damage is extensive to 
Minnesota crops including soybean. When hail 
damage is incurred, a critical issue is whether 
the soybean crop should be left to mature for 
harvest or should be plowed or disked down. 
Research has been undertaken in the Depart
ment of Agronomy and Plant Genetics to pro
vide decision guidelines as to the appropriate 
management of hail damaged soybean fields. 

12. lmprQving Management Practices and 
Strategies for Soybean Production 

This integrated research initiative includes sev
eral components and has been conducted in 
several departments through the MAES in St 
Paul, at the Waseca, Lamberton, Morris, Crook
ston and Rosemount branch stations and in 
conjunction with farmer-cooperators. Among the 
key management issues for soybean are those of 
the individual and interacting effects on produc
er profits, production costs, crop yields, product 
quality and environmental quality of many dif
ferent factors including: 

a) different varieties; 

b) planting dates; 

c) seeding rates; 

d) row spacings; 
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e) maturity dates; 

f) soil types; 

g) tillage practices; 

h) crop rotations; 

i) fertility practices; 

j) disease and insect management strategies; 

k) residue management; 

I) other crop-year specific year variables. 

Each of these variables has been subjected to 
intensive research over the past 20 years, but it 
has been crucially important to evaluate their 
joint effects in different locations and cropping 
systems in order to develop effective overall 
management strategies. These strategies are 
disseminated to soybean producers and agribusi
ness participants through field days, extension 
meetings, popular and technical reports and 
other methods. The overall research program 
for improvement of management practices is 
supported by periodic statewide variety surveys 
and by an annual Soybean Growers Association 
yield contest which helps to evaluate variety 
performance and management practices. 

ANIMAL NUTRITION, ANIMAL 
PERFORMANCE AND FEED PRODUCTS 

A major continuing research initiative has been 
conducted by the MAES on animal nutrition, . 
animal performance and feed products as they 
relate to the use of feeds with soybean ingredi
ents. This includes research on the nutrition and 
performance of dairy and beef cattle, swine, 
sheep and turkeys. leadership responsibilities 
for this research are located in the Department 
of Animal Science and in several of the MAES 
branch stations. 

1. Swine Nutrition and Performance 

Because swine require a high energy, low rough
age diet, nutritional requirements and animal 
performance are highly related to the protein 
content of concentrate feeds. Moreover, nutri
tional requirements and performance response 
to high protein feeds vary greatly by animal 
category. Thus, research has been conducted 
for each of the various animal categories. 

Of particular importance are several areas of 
research conducted by MAES scientists. These 
are: 

a) effects of soybean oil levels in the diet of 
pregnant sows; 

b) effects of alternative soybean protein levels in 
young (immediately after weaning), growing 
and finishing pigs; 

c) response to protein levels in lactating sows; 
and 

d) determination of optimum levels of protein 
feed for different genotypes of swine. 

Because of both low cost and high performance, 
soybean derived feeds figured prominently in 
each of these research projects. 

2. Utilization and Improvement of Soybean 
Meal as a Poultry Feed 

Effective utilization of soybean meal as a poultry 
(chicken and turkey) feed is reduced by the 
presence of oligosaccharides which draw water 
from animal tissues and increase the digestive 
process. Removing these oligosaccharides slows 
digestion, allowing soybean meal to be better 
utilized. As a result, substantial increases are 
realized in metabolizable energy, digestible 
amino acids and concentrated protein. The 
removal process is accomplished by an ethanol 
extraction process which has the adverse side 
effect of also removing additional dry matter, 
including carbohydrates and other useful feed 
ingredients. Research aims at minimizing nega
tive effects of oligosaccharide removal and 
encouraging commercialization of the process. 

Other studies have investigated requirements 
and interrelationships of amino acids, vitamins 
and minerals in corn-soybean meal diets for 
chicks, layers, poults and market turkeys; the 
effect of heat processing on the nutritional value 
of soybean concentrates; and amino acid avail
ability of soybean meal. 

3. Use of Soybean Protein in Sheep Rations 

The level of milk production of nursing ewes 
is a major factor in the growth, development, 
health and survival of young lambs. And, in 
recent years "sheep dairying" has become an 
enterprise of increasing commercial interest 
There is a minimum level of protein for a spe
cific level of energy intake and any reduction 
of protein intake below this level reduces milk 
yield. Several experiments have been undertaken 
to evaluate the effect of varying levels of soy
bean meal on milk production. 
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Eyaluations have also been made of the perfor
mance effects of soybean hulls in the rations of 
lactating ewes where soybean hulls may help 
minimize the rumen acidosis problems. And, 
extensive studies were conducted over a 20-year 
period to examine the effects of various protein 
sources and levels in the diets for ewes, creep
fed lambs and market lambs. Soybean meal was 
the reference protein source in these studies. 

4. Protein Supplements in Dairy Cow Rations 

Dairy scientists at the MAE$ have conducted 
a number of studies on the influence of dietary 
energy and protein on yield and composition of 
milk. These studies include alternative forms of 
protein supplement such as the use of raw or 
extruded soybean and the use of rumen-protect
ed methionine and lysine in diets for dairy cows. 
The latter is significant in that soybean needs to 
be protected from the rumen so that more 
protein can be delivered to the small intestine. 
Other studies evaluated the influence of full fat 
soybean and supplemental fat in rumens and the 
feasibility of using soybean hulls as an energy 
source in dairy rations. 

5. Evaluation of Feeding Rations for Dairy 
Calves, Dairy Steers and Beef Steers 

A number of research projects have been under
taken by the MAES to evaluate various types and 
amounts of protein supplements for dairy calves 
and growing steers. Adequate amounts of pro
tein in the rations for growing animals is of 
critical importance both for nutrition and for 
animal performance. large feeding trials have 
included the feeding of varying quantities of 
soybean meal, extruded soybean and ground 
raw soybean. Protein sources, levels and soy
bean meal-urea combinations have been studied 
in many trials conducted in the 1970s. 

HUMAN NUTRrriON FOOD 
PRODUCTS AND FOOD PROCESSING 

Located mainly in the Department of Food 
Science and Nutrition, the MAES efforffor this 
research initiative has been major and continu
ing. It has included work on nutrition and health, 
cereal chemistry and technology, microbiology, 
food technology, ut ilization attributes of soybean 
derived products, and new product develop
ment and testing. 
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1. Important Characteristics of Soybean and 
Soy Based Food Products 

This research initiative includes a number of 
individual projects: 

a) evaluation of full-fat soy flour for composi
tion, functionality and chemical/physical 
properties; 

b) functional and nutritional potential of wheat 
flours and gluten and soybean meal in aqua
culture (fish) feeds; 

c) varietal influences on the yield and quality of 
tofu; 

d) optimization of tempe manufacture from 
different soybean varieties; 

e) texture analysis of soy protein products, 
including development of the Minnesota 
texture method for texture measurement and 
evaluation; 

f) evaluation of the protein/oil content of 
soybean as related to variety and environ
mental differences; 

g) other utilization attributes of soybean derived 
products. 

2. Consumer Response to Soybean Derived 
Foods 

Two major consumer preference research initia
tives were undertaken by the Department of 
Food Science and Nutrition in conjunction with 
the Minnesota Center for Survey Research. One 
survey focused on the marketing of Minnesota 
soybean as reflected in consumer preferences, 
perceptions and attitudes regarding purchase 
and use of soybean derived products. The other 
focused on the attitudes and perceptions of food 
and nutrition specialists regarding soy derived 
food products, and the advice these specialists 
provide to their clients regarding soy food. 

3. Studies of the Impact of Soy Products on 
Chronic Diseases 

This research initiative has included several 
projects to study the role of nutrition in chronic 
diseases. Of particular importance to this initia
tive have been research evaluations of the 
effects of soy foods on colon cancer and cardio
vascular diseases. Soybean contains a com
pound, genistein, which when fed to rats has 
been found to effect the reduction of precancer
ous lesions in the colon. Other analyses have 
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been conducted on the gastrointestinal effects 
of modified guar gum and soy polysaccharide as 
part of an enteral formula diet. 

4. Analysis of Safety, Quality Retention and 
Shelf Life for Soy Food Products 

An extensive continuing research initiative has 
been conducted by food scientists on the micro
biological stability of products made from soy
bean. Product safety, quality (including taste) 
and shelf life are all crucial factors in the com
mercial potential for soy based food products. 
A particular example of this research initiative is 
the analysis conducted to solve spoilage prob
lems in the storage of soy based infant formula. 
Development of effective time, temperature, raw 
material and other processing specifications are 
all crucial to production of soy food products 
that can meet the quality and safety standards 
required of commercial food products. 

MARKETING AND POLICY 

1. Agricultural and Trade Policy 

Several research projects have been undertaken 
by agricultural economists relative to this initia
tive. They include analyses of domestic farm 
program options for soybean and economic 
effects of trade policies on soybean and soybean 
products, including possible European Commu
nity restrictions. Analyses have been conducted 
of farm program options for soybean producers 
including alternative price support programs 
and the availability of the marketing loan options 
such as those previously available to cotton and 
rice producers. 

Because of the heavy reliance of soybean pro
ducers on export markets, it is of vital concern 
that farmers not be unfairly denied access to 

export markets including the European Common 
Market It is the purpose of this research initia
tive to inform both policy-makers and the soy
bean industry, including farmers, about the 
economic consequences of alternative policy 
actions. 

2. Domestic and Foreign Markets for Soybean 
and Soybean Products 

Market analysis, including quantity and price 
analysis for domestic and export markets, has 
been a continuing initiative of the MAES since 
the 1960s. Research includes analyses of: 

a) short-term market conditions and market 
outlook; 

b) implications to the Minnesota soybean 
industry of structural changes in domestic 
and foreign markets; 

c) status of new markets for soybean and 
soybean products; 

d) assessment of domestic and world market 
competition for protein meals and vegetable 
oils. 

Two special economic feasibility projects were 
undertaken, one to evaluate the possibility of 
developing a soybean meal pellet processing 
facility in order to export these pellets (primarily 
to the former Soviet Union) from the Duluth/ 
Superior port, and the other to explore the 
technical feasibility of using vegetable oils (in
cluding soybean oil) in diesel engines and the 
economic conditions under which they could be 
an effective market competitor for diesel fuels. 
Selected economic impacts on the agricultural 
sector were also studied. Two scenarios were 
analyzed. The first assumed the price of diesel 
and other fuels would increase sufficiently to 
make the use of vegetable oils for fuel economi
cally viable. The second assessed the subsidies 
'that would be required to induce specific levels 
of vegetable oil use as fuel. 

BENEFITS FROM SOYBEAN RESEARCH 

10 

As indicated earlier, it is difficult to separate 
research benefits resulting from applied research 
from offshoots of basic research, and from 
research conducted in Minnesota versus that 
conducted elsewhere. Moreover, benefits are 

not easily assigned to individual research initia
tives. Nevertheless, some firm generalizations 
can be made about major research benefits 
resulting from the MAES research program over 
the past 20 years. 

Minnesota Agricultural Experiment Station 



VARIETY IMPROVEMENT AND TESTING 

The MAES has a strong and enviable record in 
soybean breeding and supporting research. 
Varietal improvements have been made over 
a broad range of yield and quality improvements 
and for disease and herbicide resistance for the 
Minnesota production environment. One mea
sure of success is the variety releases from the 
breeding program. Over the past 20 years, 27 
new varieties have been released, with four 
more scheduled for release in early 1994. In 
addition, one germ plasm has already been re
leased to aid other breeding programs and an 
additional germ plasm will be released in 1994. 

Historically, the varieties Hodgson 78, Evans, 
Dawson, Ozzie, McCall, Glenwood, Simpson, 
McCall, Swift and Dassel have been grown 
extensively by Minnesota farmers. More recent· 
ly, Sturdy, Kasota, Kato, Bert and leslie also 
played an important role in the seed variety 
portfolio of Minnesota producers. 

During the past two years, the new soybean 
varieties Agassiz, lambert, Parker and Alpha 
have been released. One early SCN resistant 
germ plasm (maturity group 0) has also been 
released. One new variety of maturity group 0 
was scheduled for joint release with South 
Dakota, early in 1994. Two breeding lines, one 
with brown stem rot resistance and the other 
with SCN resistance, are being increased this 
year. 

Over the 20-year period 1973 to 1993, the 
proportion of Minnesota soybean acres planted 
to varieties developed by breeders at the MAES 
has declined but still remains very important. In 
1979, for example, 84 percent of Minnesota 
soybean acres were still planted to public varie
ties and about half the total acres were planted 
to varieties developed at the MAES. By 1993 
only 30 percent of Minnesota soybean acres 
were planted to public varieties but 25 percent 
of the state's 5.6 million total soybean acres was 
still planted to varieties developed at the MAES. 
Soybean growers in northern Minnesota are 
particularly dependent on varieties developed 
by the MAES since acreage volume and profit 
potential for that area is not particularly attrac
tive to private seed companies. 

As noted earlier, soybean breeding and variety 
testing serves as the outlet or application point 
for much of the soybean research done by 
scientists in several academic departments and 
branch stations of the MAES, as well as else-
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where. One important benefit of the initiative 
is the incorporation of the latest research discov
eries into varieties and genetic material adapted 
to Minnesota. That enables Minnesota soybean 
producers to have varieties available to help 
them grow soybean more profitably and com
pete in the world market. 

A number of research projects of the MAES have 
contributed to the development of improved 
soybean varieties and more improvements are 
expected. As only one example, using DNA 
markers, scientists have successfully mapped the 
chromosomal locations of two major and two 
minor genes for SCN resistance. These resistant 
genes encompass more than 50 percent of the 
total variation in resistance. These results are 
being put to practical use to develop an im
proved soybean variety carrying the essential 
resistant genes with a minimum of undesirable 
traits from the wild original resistant parent. The 
breeding program now has one line of good 
SCN resistance and a variety adaptable to south
ern Minnesota which shows a 3- to 1 0-bushel 
per acre advantage over susceptible varieties in 
situations of high SCN infestation. 

IMPROVED PRODUO"ION 
MANAGEMENT PRACTICES 

MAES research has shown that a large number 
of management practices impact on varietal 
performance, producer profits and environmen· 
tal externalities. Examples of some of the bene
fits are: 

a) Row Spacing-Yield advantages of up to ten 
bushels per acre have been found for 1 0-inch 
as compared to 30-inch spacing. 

b) Rotation Effects-Research has found that in a 
corn-soybean rotation, compared to mono
culture, increases of 9 percent and 7 percent 
were realized for corn and soybean, respec
tively. The first year of either crop after a 5-
year absence of itself increased corn yields 
11 percent and soybean 15 percent. 

c) Weed Control-Research has shown that for 
some herbicides, effective control of weeds 
can be realized at half of label rates if selec
tive management procedures are followed 
for early application, application at appropri· 
ate weed size and postherbicide application 
cultivation to control late weed flushes. Also, 
identification of herbicide performance 
(including soybean damage from some 
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herbicides) has resulted in improved herbi
cide selection. MAES research on some 
weeds (e.g., wild purple millet and wild 
proso) significantly increased previously 
limited information about them. 

d) Disease Control-New varieties, chemical 
pesticides, crop rotations, tillage practices 
and residue management have all contribut
ed to major improvements in disease control. 

e) Soil Fertility-Balancing of plant nutrient use 
has resulted in both improved varietal perfor
mance and cost reduction. For example, yield 
responses of more than 15 bushels per acre 
were realized from phosphate fertilization 
of irrigated soybean. 

f) Tillage and Residue Management-With 
appropriate management, minimum and 
conservation tillage technologies have been 
shown to maintain or improve soybean yields 
while reducing soil erosion. 

g) Planting Dates-Early planting dates (April 25-
May 5) in southern Minnesota show signifi
cant yield advantages, on average, as com
pared to later planting dates (May 20-25). 

h) Seeding Rates-Research has shown signifi
cant yield increases and cost reductions for 
use of seeding rates that provide optimal 
plant populations. 

i) Predsion Farming-Research has developed 
computer and machine technology to effec
tively manage inputs (seed and fertilizer) 
within the same field according to soil charac
teristics, thus increasing production efficiency 
and conserving inputs. 

j) Use of New and/or Improved Machinery and 
Equipment-Management of a variety of 
operations, including spraying, harvesting and 
storage, has been improved as a result of 
new and/or improved technologies devel
oped for these tasks. As a result, field losses 
of soybean have been reduced and product 
quality has been improved. 

ANIMAL NUTRITION AND 
PERFORMANCE 

Animal nutrition and performance research has 
resulted in an increase in the market for soy
bean, improved profits for livestock producers, 
and new feed products and processing technol
ogies for soybean based feeds. 

There have been major gains in the knowledge 
base for soybean based feeds in nutrition and 

performance for all major animal species in 
Minnesota: dairy, beef, swine, sheep and poultry. 
This research generally shows soybean and 
soybean based feeds to be efficient and eco
nomical sources of protein for these animal 
species. In addition, research has found soybean 
hulls to be an effective ingredient in some live
stock rations, and there are indications that 
soybean meal is an effective and economical 
ingredient in aquaculture (fish) feeds. 

Research has also found that in some livestock 
rations (e.g., poultry and ruminants), special 
processing can improve the efficiency and 
competitiveness of soybean based feeds. For 
example, removal of oligosaccharides from 
soybean meal in poultry rations results in im
proved feed utilization. The protection of soy
bean from the rumen of dairy cows results in 
similar feed utilization improvements. 

HUMAN NUTRITION AND HEALTH, 
FOOD PROCESSING AND NEW FOOD 
PRODUGS 

Two major historical markets for soybean have 
been uses of soybean meal in livestock rations 
and edible soybean oil for human consumption. 
Research conducted by the MAES has added to 
several knowledge bases. It has shown increas
ingly important potential for soy based foods in 
human health and nutrition, and has expanded 
the portfolio of food products that can be com
mercially competitive. Of particular value has 
been research showing benefits from: 

a) use of soy products in retarding chronic 
cardiovascular diseases and colon cancer; 

b) the value of soy based foods in human 
nutrition; 

c) knowledge on protein functionality and other 
utilization attributes of soybean derived 
products; 

d) knowledge on the microbiological stability 
of soy based food products; 

e) determining the effects of selected food 
attributes (e.g., texture, taste, safety, nutrition
al value) on consumer food preferences. 

Discovery of the causes of and remedies for 
deterioration and/or spoilage of soy based food 
products alone has generated benefits running 
to millions of dollars. And, the prospects have 
been much strengthened for a strong future 
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expansion in the market for soy based food 
products. MAES research on tofu and tempe, 
particularly, has been of major value. 

MARKET ANALYSIS 

Although benefits from market analysis are 
difficult to quantify, a solid information base is 
crucial for producers to effectively manage 
individual market strategies, and for the industry 
as a whole to optimize development and utiliza
tion of market opportunities for soybean and 
soybean products. This is particularly true be
cause of strong market competition from other 
oilseeds and other soybean producing countries. 

IMPROVED PUBLIC POLICY 

Farm programs and trade policies impact heavily 
on production decisions and on producer and 
industry income. Thus research on these topics 
has been important to improving the information 
available for decision making and policy devel
opment. Research on the extent of air pollution 
damage to soybean provided key_ information 

relevant to public policies regulating air pollu
tion. A number of research projects have had or 
will have significant effects on environmental 
policies and on product labeling for safety, 
health and nutrition. 

TRAINING AND EDUCATION 

A major benefit resulting from the MAES soy
bean research program is the training it provides 
for future generations of soybean breeders and 
other scientists. A sizeable number of public and 
private research organizations beyond the 
University of Minnesota currently employ soy
bean breeders who were trained at the univer
sity. Their productivity will continue to yield 
major benefits to the Minnesota soybean indus
try. Additionally, many other scientists who gain 
knowledge, experience and training in soybean 
related research through the MAES program will 
continue with rel.ated research in public or 
private employment. Importantly, the results of 
MAES soybean research are also quickly trans
mitted to extension personnel throughout the 
state and to others engaged in classroom teach
ing and in other forms of communication includ
ing the mass media. 

GROWTH OF THE MINNESOTA SOYBEAN 
PRODUCnONSECTOR ____________________ _ 

One measure of the success of Minnesota's 
soybean industry is the increase in value of 
soybean production over time. Because final 
data are not yet available for most recent years, 
and in order ·to smooth out year-to-year varia
tions in production and prices, computations 
for soybean production growth were made for 
three-year averages centered on 1970 and 1990. 
The table at the right shows changes over this 
2()-year period in soybean acres harvested, yields 
per acre and value of production for Minnesota 
and the U.S. 

In all three categories of measurements, Minne
sota's growth rate is very high and well above 
that for the U.S. as a whole. A more than dou
bling of nominal soybean prices over this period, 
from $2.70 to $5.58 per bushel, contributed in 
a major way to the increase in value of produc-
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Soybean acreage, yields and value: Minnesota and U.S. 

1969-1971 1989-1991 
Average Average 

Alea harvested (1000 acres) 

Minnesota 3,006 4,983 
u.s. 41,815 58,000 

Yield per hatvested acre {bulac) 

Minnesota 24.7 37.5 
u.s. 27.3 33.6 

Value of Production (Mil $) • 

Minnesota 200 1,040 
u.s. 3,123 11,012 

• cak:ulated at the farm level 

% 
Increase 

65.8 
38.7 

51.8 
23.1 

420.0 
252.6 
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tion. In addition, Minnesota's soybean acreage 
increased by 65.8 percent and per acre yields by 
51.8 percent, showing a strong gain, both abso
lutely and in competitive position, for Minneso
ta's soybean growers. In the process, the annual 
farm level value of Minnesota soybean produc
tion increased from $200 million to more than 
$1 billion. 

Certainly not all of the increase in acreage and 
yields for Minnesota's soybean production sec
tor can be attributed to MAES research. How
ever, without a strong public sector research 
program, neither the absolute growth rate for 
Minnesota's producers nor their relative growth 
compared to other U.S. producers could have 
been achieved. The following section focuses 
more directly on the measurable economic 
benefits of soybean research. 

ECONOMIC RATE-OF-RETURN FOR 
SOYBEAN RESEARCH 

As can be determined from the preceding dis
cussion, many of the benefits from agricultural 
research, including soybean research, are diffi
cult to measure since they do not flow through 
formal product markets where they can be 
measured and priced. This is the case, for exam
ple, for reductions in soil erosion, improved 
water quality, improved market management, 
improvements in health and nutrition, etc. Thus 
any analysis based only on market quantities and 
prices will undervalue the total benefits of soy
bean research. 

Despite the problem of under measurement, 
measurable market benefits alone consistently 
show a high rate of return for public investments 
for agricultural research. For example, annual 
rate-of-return estimates for crop research con
ducted in all U.S. state agricultural experiment 
stations run in the range of 35 percent on the 
low end to 200 percent on the high end, de
pending on the coverage of crops and the time 
period involved. Estimates for the rate-of-return 
for soybean research are at the high end of this 
range, running between 70 percent and 200 
percent, again depending on the beginning 
and ending points of the time periods involved. 
These high rates of return are of several magni
tudes above the minimum 15 percent rate of 
return generally required for most private ven
ture investments. 

Soybean producers are not the only beneficiaries 

of MAES research. Intermediate users such 
as livestock feeders ·and food processors also 
benefit, as do final consumers through lower 
food prices, higher food quality and greater 
choice of food and industrial products. 

Retention of high rates of return for research 
depends on maintaining a strong market for 
soybean and soybean products, and on continu
ing a strong, multi-purpose research program. 
The overall evidence is clear. For every dollar 
invested in public research for soybean, the 
returns have been very high, well above those 
for most alternative investments. 

MULTIPLIER EFFECTS OF THE SOYBEAN 
INDUSTRY FOR MINNESOTA'S 
ECONOMY 

Some perspective on the economic importance 
of soybean production and processing in Minne
sota can be gained by viewing the Minnesota 
components of numbers prepared for national 
(U.S.) input-output accounts for individual indus
trial sectors. Within this accounting system two 
sectors, oil bearing crops and soybean oil mills, 
relate most directly to the Minnesota soybean 
industry. 

As of 1990, the Minnesota oil bearing crops 
sector (mainly soybean growers) had current 
year expenditures (purchases) of about $465 
million, and for every dollar of purchases by 
the sector about 2.65 dollars of total sales were 
generated in the Minnesota economy. Among 
the other industry sectors that were major bene
ficiaries of purchases by the oil bearing crops 
sector are those of finance, insurance and real 
estate ($139 million), manufacturing ($52 mil
lion), transportation, communications and utili
ties ($34 million), trade ($32 million), services 
($30 million), and other agriculture, forestry and 
fisheries ($34 million). The oil bearing crops 
sector also spent about $116 million internally, 
for which seed was a significant component. 

In the process of its 1990 annual operation, the 
oil bearing crops sector generated about $105 
million in value-added of which about $82.5 
million was accounted for by proprietary income 
(mainly to farmers) and about $15 million of 
compensation to employees. 

Although the soybean oil mills sector was con
siderably smaller in employment and value
added than the oil bearing crop sector, it still 
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generated about $27 million in total value
added. Its single largest external purchases were 
for soybean from farmers ($460 million), from 
the agricultural trade sector ($33 million) and 
from agricultural transportation, communications 
and utilities ($19 million). Because of its high 
degree of backward integration (mainly in the 
form of soybean purchases), the soybean oil 
mills sector had a particularly large economic 
multiplier effect For every dollar of purchases by 
this sector, about 3.3 dollars of total sales were 
generated in the Minnesota economy. This high 
multiplier effect reflects in part the high propensi
ty of soybean producers to spend their income 
locally and to generate business and employ
ment within the state. 

· An important consideration for the Minnesota 
economy is the role that the Minnesota oil 
bearing crops and soybean oil mills sectors play 
in exports, both domestic (to other states) and 
international. Because a substantial proportion 
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of the soybean produced in Minnesota is 
crushed within the state, exports by the soybean 
oil mills sector is the larger ($303 million of 
domestic exports and $73 of international ex
ports). But exports from the oil bearing crops 
sector (principally whole soybean) are also large 
($75 million domestic and $99 international). 
Thus, the Minnesota soybean industry is a very 
substantial contributor to total export earnings 
for the state's economy. 

Finally, earnings and employment generated 
by the state's soybean industry result in major 
contributions to state and local government 
income and services (including education) · 
through their contribution to tax revenues. In 
a real sense, soybean has been the post-World 
War II miracle crop for Minnesota, and this has 
been due in no small part to a strong program 
of research and the effective utilization of this 
research by farmers and other participants in the 
Minnesota soybean industry. 
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APPENDIX---------------

This appendix is a listing of selected project 
topics addressed significantly by the Minnesota 
Agricultural Experiment Station research be
tween 1973 and 1993. Much of the production 
research, particularly, is joint with branch agricul
tural experiment stations at Crookston, lamber
ton, Morris, Rosemount and Waseca. And, much 
of the work is also jointly conducted by two or 
more departments. 

AGRICULTURAL AND APPLIED ECONOMICS 

1. Economics of soybean production (including 
costs and returns). 

2. Domestic markets and prices for soybeans. 

3. Structural changes in the U.S. grains and 
oilseeds marketing systems in a dynamic 
global marketplace. 

4. Impacts of farm programs on soybean 
production, markets and prices. 

5. Vegetable oils as an alternative fuel for 
diesel engines. 

6. Export markets for soybean, soybean meal 
and soybean oil. 

7. Market share analysis and the international 
fats and oils market. 

8. Economics of exporting soybean meal 
pellets from Duluth/Superior. 

9. Economic effects of trade policies including 
possible European Community restrictions 
on soybean, soybean oil and soybean meal. 

AGRICULTURAL ENGINEERING 

1. Improved soybean harvesting methods to 
reduce harvest losses and improve feed 
quality. 

2. Drying, storage, marketing and delivery of 
quality cereals and oilseeds. 

3. Developing improved field sprayers for 
herbicide application. 

AGRONOMY AND PLANT GENETICS 

1. Soybean breeding and genetics (for yield 
disease and insect resistance, oil and protein 
content, maturity, nitrogen fixation, etc.). 
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2. Weed ecology and control (annual and 
perennial) in soybean. 

3. Effect of environment on soybean yields. 

4. The physiology of soybean productivity 
including physiological stress on nitrogen 
fixation. 

5. A haploid tissue culture approach to soy
bean improvement. 

6. Crop production and management of 
cropping systems, including rotation effects, 
erosion effects, etc. 

7. Soybean production management (variety 
performance, planting dates, row spacing, 
influence of soil type, reduced tillage, resi
due management, etc.). 

8. Hail damage assessment in soybean. 

9. Developing maturity indicators for soybean. 

10. Role of acetykoenzyme A carboxylase in 
regulating oil content of minnesota soybean. 

11. Soybean tissue culture/transformation 
including emphasis on novel food, feed and 
processing types. 

12. Gene identification and mapping for impor
tance of individual genes on seed protein 
content, and for oil concentration and 
composition. 

13. Enzymes regulating herbicide mode of 
action and crop productivity. 

14. Mechanisms of microbial-host plant 
relations. 

ANIMAL SCIENCE 

1. Nutrition: livestock rations with soybean oil 
meal. 

2. Nutrition: amino acids in swine and poultry. 

3. Removing adverse carbohydrates from 
soybean oil meal. 

4. Flatulence reduction from soybean feeds. 

5. Use of soybean oil to reduce dust 

6. Protein degradation in soybean oil meal. 

7. Direct feeding of whole and ground soy
bean to livestock. 

8. Soybean oil levels in pregnant sow diets. 

9. Effects of corn and soybean meal on pig 
starter diets. 

17 



Soybean Related Research at the University of Minnesota 

18 

10. Soybean mealjoligosaccharides. 

11. Soybean mealfPST. 

12. Full-fat soy in ruminants. 

13. Soybean hulls in feeds for ruminants. 

14. Soybean oil in swine diets. 

15. Soybean meal in ewe and Jamb diets. 

ENTOMOLOGY 

1. Tactics for management of soybean pest 
complexes. 

2. Special studies on bean leaf hopper, potato 
leaf hopper and yellow woolly bear in 
soybean. 

FOOD SCIENCE AND NUTRITION 

1. Utilization attributes of soybean derived 
products including protein functionality. 

2. Role of nutrition in control of chronic diseas
es (particularly colon cancer and cardiovas
cular disorders). 

3. Spoilage loss reduction in infant formulas 
with soybean ingredients. 

4. Microbiological stability of products made 
from soybean (e.g., safety, shelf life). 

5. Texture analysis and development of a 
texture test for soy products. 

6. Protein/oil content of soybean (differences 
by environment and soybean variety). 

7. Evaluation of full-fat soy flour for composi
tion, functionality and chemical/physical 
properties. 

8. Effect of soybean varieties on yield and 
quality of tofu. 

9. Functional and nutrition potential of soy
bean meal in aquaculture (fish) feeds. 

HORTICULTURE 

1 . Soybean seed growth responses to intermit
tent water stress. 

2. Role of endogenous hormones on seed 
growth in soybean. 

3. Role of abscisic acid on sucrose accumula
tion by soybean seeds. 

PLANT PATHOLOGY 

1. Pathology of soybean (Phytophthora root 
rot, soybean cyst nematodes, brown stem 
rot). 

2. Soybean diseases: Chronopathology Dis
ease Control. 

3. Integrated management of plant parasitic 
nematodes. 

4. Genetic dissection of multigenic disease 
resistance in plants. 

5. Air pollutants and their effects on soybean. 

6. Electron microscopy. 

SOIL SCIENCE 

1. Improving the capacity for nitrogen fixation 
of soybean. 

2. The effect of tillage on soil physical proper
ties, plant growth and environmental quality. 

3. Removing soil structural constraints to the 
production of soybean and other crops 
following rice. 

4. Midwest Initiative on Water Quality: North
ern Corn Belt and Sand Plains (includes 
effects of tillage practices and chemical 
pesticides on ground water quality in a corn
soybean cropping system). 

5. Genetic interaction of host and microbe 
affecting soybean nodulation specificity. 

6. Microbial genes affecting genotype-specific 
nodulation of soybean. 

7. Characterization of Rhizobium japonicum 
serotype and testing of outstanding isolates 
for competitive ability, nitrogen fixation and 
effects on soybean yields. 

8. Precision farming for improved management 
of production inputs and soil resources 
(includes varying fertilizer and seed variety 
in the same field). 

9. Response of soybean yields to phosphorus 
and potassium fertilizer (including time of 
application and placement of fertilizer). 

1 0. Screening varieties of soybean for iron 
chlorosis. 

11 . Rhizobia and nitrifying bacteria in soils and 
rhizospheres. 

12. Weather and climate related to soybean. 
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