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Soybean Cyst Nematode (SCN)
Distribution and History

Gregory R. Noel, Ph.D.

USDA, Agricultural Research Service
Department of Plant Pathology
University of Illinois

Since its discovery in Japan in 1915, soybean cyst nematode (Heterodera glycines) has been reposted in
Asia in China, Indonesia, Yapan, Korea, Russia (Amur Oblast), and Taiwan. In North America, H. glycines occurs
in Canada and the U.S. In South America, the nematode has been reported in the literature as occurring in Brazil
and Colombia. However, researchers have indicated that H. glycines also occurs in Argentina, Bolivia, and
Paraguay. These reports need confirmation. Presence of the nematode in Africa has not been confirmed.
Heterodera glycines was reported in Egypt, but H. cajani apparently was misidentified as H, glycines. The
nematode has not been found in Europe.

The history of soybean cyst nematode in the U.S. is interesting as an example of how intensive farming
of a crop leads to development of a pest problem. In the early 1900’s soybean was grown as hay and as a green
manure crop. Only 100,000 acres produced soybean for seed in 1919. With the possibility of war and loss of
vegetable oils from Asia, soybean production for seed increased to 4.2 million acres in 1939. By 1942 soybean
acreage for production of seed had increased to 8 million acres. In 1995 approximately 50 million acres of soybean'
were planted. Coupled with the increase in soybean acreage was a decrease in oat acreage in the Midwest and
cotton acreage in the South, This change in cropping systems and rotations Iead to the discovery of H. glycines in
North Carolina in 1954 and to the current problem experienced by many soybean producers throughout the country.

Of interest to many who are involved with various aspects of controlling soybean cyst nematode are the
questions, "How did the nematode get to the U.S.?7" and "How long has it been here?" Some believe the recent
“spread” of the nematode is due to indigenous populations derived from a common ancient ancestor found in Asia
and North America. One study used 2-D electrophoresis to evaluate homogenates of 30 H. glycines females from
one Japanese and six U.S. populations and concluded that the data support the ancient indigenous hypothesis.
Another hypothesis is that the nematode was introduced during the early years of soybean production in the U.S.

References indicate that the soybean was domesticated in northeastern China between 3000 and 2000 B.C.
and was introduced into Japan about 200 B.C. to 300 A.D. During the mid 1700’s to the late 1800°s, soybean seed
was imported from the Orient into the U.S. by various individuals. Importation of seed during the 150 years prior
to 1900 could have provided opportunity to.move cysts in soil peds. There are many "Old Domestic” soybeans in
the USDA Germplasm Coliection which were imported from China, Japan, and Korea in the early 1900’s and also
may have provided opportunities to import the nematode. However, importation of soil from the rhizosphere of
soybean would provide significant opportunity to introduce soybean cyst nematode into the U.S. In the 1880’s
Heliriegel elucidated the role of bacteria in forming nitrogen-fixing nodules on legumenous plants. Soybean did not
grow well in early experiments in the U.S. because Bradyrhizobium japoricum is not native to the U.S. The
bacterium was imported in soil to infest plots in the U.S. One researcher, D. Fairchild, "Wrote out to Japan and
imported several pounds of soil from a soybean field.” Another researcher imported plants growing in Japanese
soil. Although difficult to document directly, one can infer that unportatxon of soil was common. In an atticle
published in 1930, the authors reported that “paturalized" B. japonicum in the U.S. consisted of 156 strains and 6
serotypes common to China, Japan, and the U.S.

Once the benefit of "nodulating” soil was established, researchers began sending soil to various experiment
stations. Growers also began to infest their land with soil from other farms. An Hlinois Agricultural Experiment
Station Bulletin published in 1904 recommended that growers spread 500 Ibs of infested soil/acre to ensure that the
soybean crop would be nodulated. As late as 1919 prior to the acceptance of commercial inoculant, researchers
were still studying methods of spreading soil to nodulate soybean. An interesting statement concerning "soil
inoculation" was published in 1916 in the Georgia Experiment Station Bulletin. The passage was, "Naturally, as




soon as it was Jearned that these bacteria were essential to the successful growing of legumes, men made efforts
to ensure their presence, and this has led to the practice of seed and soil inoculation. This was first practiced by
transferring soil from a field on which the particular legume to be inoculated had been successfully grown, and
scattering it over the field to be planted...this method gave excellent results, but it had serious drawbacks. ..it was
heavy to apply, and was liable to carry noxious weed seeds, and troublesome plant maladies, such as cotton wilt,
pea wilt, melon wilt, and nematodes (Root-knot nematode, author’s note)." '

Research done with my colleague D.1. Edwards has shown that at least 10 years are required following the
introduction of H. glycines for the nematode to reach population levels that will damage soybean. Several more
years are required on typical midwestern soils to attain population levels that will cause stunting and yellowing.
The soybean field in North Carolina in which H. glycines was first found in the US in 1954 had apparently been
planted to gladiolus imported from Japan many years earlier and subsequently planted to soybean for several years.
These two examples plus others involving infested equipment to install electrical towers and natural gas lines across
farms show that many years are required for H. glycines populations to increase to damaging levels following
introduction of the nematode.

Recently, I have collaborated with Z: L. Liu to study genetic diversity of esterase polymorphism of
individual females from 20 H. glycines populations from China, Japan, and the U.S. Eight esterase phenotypes
were resolved. Three loci, est-1, est-2, and est-3 were identified and had two, three, and one allele, respectively.
The three loci and six alleles expressed six genotypes in the Chinese populations. In Japanese populations, est-1
and est-2 and three alleles were identified and expressed four genotypes, but in U.S. populations only est-2 and two
alleles were expressed in three genotypes. Genetic composition at each locus was used as a character for data
analysis. Phylogenetic (phylogenetic analysis using parsimony [PAUP]) and phenetic (unweighted pair-group
method with arithmetic mean [UPGMA]) analyses demonstrated consistent relationships. Larger numbers of loci
and alleles in populations from China and close relationships among Japanese and US populations of H. glvcines
support the hypotheses that the ancestral H. glycines originated in China and the Japanese and US populations are
the result of recent migration to Japan and to the US,
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Soybean Cyst Nematode in the North Central Region:
: Existing Management Options

Terry L. Niblack
Department of Plant Pathology
University of Missouri

Abstract

Soybeans can be produced profitably in the presence of the soybean cyst nematode (SCN), as researchers and many
careful farmers have proven. The important first sep in minimizing losses due to SCN is to confirm its presence through soil
samples submitted to qualified laboratories. SCN is not easy to diagnose and is overlooked in the field because it causes no
specific symptoms and may intensify the expression of symptoms due to other stresses. Once SCN is confirmed, an integrated
rotation plan consisting of non-host crops, SCN-resistant cultivars, and susceptible or tolerant soybean cultivars, should be
combined with various other practices designed to enhance overall plant health. SCN levels should be monitored periodically
to determine the effects of the management plan, but soybean yields will tell the story of a successful plan.

Introduction

Don’t be deceived by the pictures you see of stunted, yellow soybean plants infected with the Heterodera glycines,
the soybean cyst nematode: you may never see such sickly soybean plants in your own infested fields. SCN can cause up
to 38% vyield losses in high-yield environments without causing obvious symptoms. S

In the years 1989 through 1991, SCN cost soybean producers in the North Central Region over $250 million dollars,
more than any other soybean disease (1). We know that SCN infests a large percentage of the soybean acreage in the region,
and is found in every one of the North Central states except North Dakota (so far). We know how to manage soybean
production to reduce losses due to SCN, yet it continues to reduce soybean profits in our region. We know the reason: it’s
because we tend to discount diseases that don’t cause symptoms. Like high blood pressure in humans, the disease caused
by SCN usually does not advertise itself except on the bottom line, Like high blood pressure, the disease due to SCN
develops over time, and a negative test one year can turn into a seriovs problem in a subsequent year. To prevent losses due
to either disease, specific actions must be taken to identify and control them.

The purpose of this paper is to summarize the most important recommendations for dealing with SCN (2,3). For
specific recommendations in infested fields, farmers have valuable resources in local Cooperative Extension Service.
publications and personnel. In most states, variations on the general recommendations have been or are being thoroughly
tested under local conditions. This information is extremely important, because while SCN is always damaging to soybean,
the magnitude of the damage is highly dependent on location. Likewise, the most effective tactics to reduce the damage are
also highly dependent on the individual farmer’s circumstances.

Identification of SCN

The most important step in reducing losses due to SCN is to confirm its presence in a soybean field. This nematode
can reduce soybean yields 5-35% in individual infested fields without causing dramatic symptoms, and up to 90% in heavily
infested fields. Extremely high SCN infection can even kill seedling soybean plants, especially if the plants are stressed by
some other factor. By itself, SCN can cause stunting and perhaps chlorosis (yellowing), but these symptoms may be the
result of many different factors and are not specific to SCN. In fact, the lack of specific symptoms is one of the reasons that
yield losses due to SCN continue to be so high year after year: disease symptoms and low yields caused by the nematode
are easily attributed to other causes such as low fertility, improper herbicide application, low moisture, or even other diseases.

In other words, SCN infestations can be overtooked because SCN cannot be diagnosed on the basis of symptoms.

There is only one good way to confirm the presence of SCN in a field, and that is to submit a good, representative
soil sample to a qualified laboratory for analysis. Such Jaboratories provide confirmation of SCN as well as an indication




of the level of infestation, or the-numbers of SCN in the field. The analyses vary from lab to lab, but the leve! of infestation
will ordinarily be in terms of cysts or eggs in a certain volume of soil, and a comparative term (e, g., high, moderate, low).
The comparative term is important to help determine whether chosen management practices are reducing SCN levels over
time. Keep in mind that the information obtained from a soil sample analysis is only as good as the sample. Instructions
on proper sampling are available from laboratories that analyze soil samples for nematodes.

Some laboratories can also provide SCN race determinations. There are 16 SCN races, and most SCN-resistant
soybean cultivars are labeled as resistant to only one or two of them. New races arise in a field when the same resistant
cultivar is grown for more than one year without benefit of rotation. A race determination test can detect race shifts, but
with a good rotation plan, a SCN race determination is rarely necessary.

Rotate, rotate, rotate

In a SCN-infested field, there are three goals of soybean management: 1) to improve soybean health and yield;
2) to reduce SCN infestation levels; and 3) to preserve the yield potential of SCN-resistant cuitivars. No single management
tactic will achieve all three goals, therefore integration of rotation approaches is required. The four general rotation
recommendations are summarized below:

1. Rotate with non-host crops

SCN is not able to reproduce on certain crop plants, including all the grasses (corn, sorghumm, rice, ¢ic.) and others
such as alfalfa, cotton, and peanut. Thus, rotation with these crops causes the population of SCN to decline in a field. The
rate of decline is highly variable, however, and depends on location (slower in the northern states than in the south) and other
factors. In general, two years of a non-host crop are recommended when SCN levels are high enough to damage a
susceptible cultivar. After two years, the SCN level in the soil should be checked before soybeans are planted in the field
again, Exhaustive lists of non-host crops suitable for different geographic areas are available through Cooperative Extension.

2. Rotate with SCN-resistant soybean cultivars

Soybean farmers used to avoid planting SCN-resistant cultivars whenever possible because they were reputed to have
lower yield potential than susceptible cultivars, Chemical control with nematicides was a viable option, and allowed farmers
to grow their high-yield, susceptible cultivars. Today, soybean breeders have developed many SCN-resistant cultivars with
high yield potential, equivalent to that of susceptible cultivars. Resistant cultivars are highly preferable (economically and
environmentally) to chemicals as tools to minimize losses due to SCN. In infested fields, depending on the level of
infestation, resistant cuitivars yield 5-90% more than susceptibles. Dozens of SCN-resistant cultivars are available in each
maturity group, and many have multiple pest resistance or have been bred for a specific production niche, such as double-

cropping.

There is only one problem with the use of SCN-resistant cultivars: continued use of the same cultivar on the same
field will resnit in development of a new race of SCN that is not affected by the resistance. This is because most resistant
cultivars allow some SCN reproduction, although not enough to affect yield until the new race builds up to damaging levels.
This is true for all resistant cultivars except for some of the newest ones developed from a plant intreduction, PI 437654,
which is highly resistant to all SCN races. Even these new cultivars should not be grown continuously in the same fields,
however, to avoid developing other problems associated with continuous soybean production. The following two
recommendations, combined with non-host and resistant cultivar rotations, will help farmers avoid these problems.

3. Rotate with tolerant or susceptible soybean cultivars when SCN numbers are low

The purpose of using tolerant or susceptible cultivars in the rotation is to avoid selection of a new SCN race. When
SCN levels are low, they will build up on tolerant or susceptible cultivars, but not in time to reduce soybean yields because
yield loss is dependent on SCN levels present at planting. Of course, this recommendation requires that SCN infestation
levels be monitored through seil sampling.




4. Rotate resistant cultivars with different sources of resistance

If SCN levels are not low, then planting a tolerant or susceptible cultivar may not be an option. If soybeans must
be planted in a field with moderate or high SCN levels, and a SCN-resistant cultivar has previousty been planted in the same
field, then a resistant cultivar with a different source of resistance (resistant parent) should be chosen. For example, resistant
cultivars labeled "resistant to SCN race 3" has a different source of resistance than one {abeled "resistant to race 5" or
nresistant to races 3 and 14", Sometimes, the actual name of the source of resistance is available from seed dealers or
Cooperative Extension. For example, PI 88788, Pickett, and PI 437654 are three different sources of SCN resistance. The
purpose of choosing resistant cultivars with different sources of resistance for rotation in an infested field is, again, to avoid
selection of a new SCN race and other problems due to continuously planting the same cultivar.

Cultural and chemical management of SCN

Rotation is, by far, the most effective tool for minimizing SCN damage, primarily by reducing SCN levels. But
the goal of improving soybean health and yield can be enhanced by other beneficial practices, The value of these practices
may be highly dependent on local conditions. :

1. Relieve stress

Any other factor that increases soybean érop stress will compound the damage due to SCN. Good management of
weeds, water, and fertility will increase soybean zolerance of SCN infection.

2. Reduced tillage

Some researchers have found that reduced tillage caused reductions in SCN levels compared with conventional
tillage, but in other cases SCN levels did not go down under no-till. The beneficial effects of reduced tillage probably require
several years to become measurable. At the very least, switching to a reduced tillage production system will not increase
SCN damage.

3. Other practices

Practices such as late planting, or planting into standing wheat stubble in double-crop fields, have been beneficial
in some locations. Some rotation crops have a greater than normal detrimental effect on SCN populations. Under certain
conditions, chemical control with a nematicide/insecticide may be recommended. Local recommendations should be checked
for these and other practices. :
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The North Central |
Soybean Cyst Nematode Project

Gregory L. Tylka, Ph.D. and Peggy R. Thorsen, Ph.D. |
Department of Plant Pathology
Iowa State University

Ward C. Stienstra, Ph.D.
Department of Plant Pathology
University of Minnesota

Abstract

A regional effort was initiated in 1993 to determine the effects of susceptible and resistant soybean varieties and
nonhost crops on population densities of soybean cyst nematode {SCN), to assess yield loss due to SCN, and 1o increase
awareness of the nematode and its management among growers in the North Central Region of the USA. This project is
being conducted by cooperating scientists from universities in Iilinois, Indiana, Iowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, Ohio, and Wisconsin. The project is funded by a grant from the North Central Soybean Research
FProgram. Research and education objectives were collectively developed by the cooperating scientists. Experiments are
conducted in three to five locations per state each year with as much uniformity as possible to facilitate combined
analyses of data from across the region. The project coordinator visits all participating states each year, works to
promote uniformity among the experimental sites, and participates in field days to promote education about SCN.
Results obtained to date indicate differences in effects of standard management practices among locations throughout the
North Central Region.

Introduction

Scientists from throughout the midwestern United States met in St. Paul, Minnesota in July 1992 to exchange
information and discuss needs and priorities for research and extension efforts related to SCN , Heterodera glycines. - At
the meeting, it was decided that a coordinated regional effort was needed to standardize research methods and
management recommendations and to make more efficient use of research funds, A grant proposal for a regional SCN
research and education project was submitted in October 1992. In January 1993, funding for the project was approved
by the North Central Soybean Research Program, an organization of eight midwestern states which coordinates and
supports regional soybean research.

Once funding for the project was secured, research and extension faculty from universities in the 10 midwestern
states infested with SCN were invited to participate in the project, and an organization meeting of project participants
was held in St. Paul, Minnesota in March 1993, Experimental and financial details of the project were discussed and
agreed upon at the organizational meeting. Detailed experimental protocols were prepared and distributed to all
cooperating scientists in May 1993. A full-time project coordinator, Dr. Peggy Thorson, was hired in June 1993 to
coordinate the efforts of scientists in the 10 states, to participate in extension education efforts in all participating states,
to determine SCN population densities from soil samples collected at all experimental sites, and to compile, analyze, and
summarize all experimental data. Following is a description of the specific project objectives and selected research
results from the 1993 and 1994 growing seasons,

Project Objectives

1. To determine the effects of susceptible and resistant soybean varieties and nonhost crops on SCN population densities
in SCN-infested fields in the North Central Region, and to determine whether effects of these practices vary by
geographic location.

2. To develop a method to accurately assess soybean yield losses due to SCN throughout the north central United States.




1. To identify regional testing sites and develop standard operating procedures for unbiased evaluation of SCN-resistant
soybean varieties. :

4. To increase awarenéss of SCN and its management among farmers throughout the north central United States.

5. To determine distribution of SCN races throughout the north central United States.

Cooperative Research

Research is being conducted by university faculty in 10 midwestern states. Although a list of cooperating scientists
is presented in Table 1, the scope of this project involves many others including plant breeders, extension personnel, and
growers. To maintain cohesion among cooperating scientists across this large geographical area, the project coordinator
visits all states each growing season, frequently participating in field demonstration days.

Soybezin Variety Experiments

To determine the effects of susceptible and resistant soybean varieties on yield and SCN population densities,
experiments are conducted in two SCN infested fields and one noninfested field in most participating states (Fig. 1).
Data were collected from 27 experimental sites in 1993, and 32 sites were established in 1994. Four replicate plots of
several SCN-resistant and susceptible soybean varieties (maturity groups I, II, III, and IV) are planted in a randomized
. complete block design at each location. Individual plots usually consist of four rows, each 20 feet or 6.1 meters long.
Soil samples are taken from the center 16 feet or 4.9 meters of the middle two rows per plot at planting and at harvest,
All soil samples are sent to Jowa State University, where they are processed to determine SCN egg densities. At the end
of the growing season, the center two rows of the plots are harvested. Data are statistically analyzed collectively and by
soybean maturity group zones (Fig. 1). To adjust for differences in experimental sites and to facilitate comparison of
resuits among sites, relative yields of varieties at each site are calculated by adjusting each plot yield to a percentage of
the highest-yielding variety at that particular site. Relative yields subsequently are converted to standardized yields,
expressed in bushels per acre, by multiplying the relative yields by the average soybean yield for the appropriate
maturity group zone. Average standardized yields for varieties in each soybean maturity group zone in 1993 are
presented in Table 2, and unadjusted average yields for varieties in each zone in 1994 are presented in Table 3,

In 1993, differences in unadjusted and standardized yields of the resistant and susceptible soybean varieties were
evident in many, but not all, experimental sites. Also, differences in yields of all varieties in SCN-infested and
noninfested fields were detected. However, the magnitude of the aforementioned differences varied greatly between the
western and the eastern experimental sites of the project. Initial SCN egg densities averaged 3,585 eggs/100cc soil in
infested sites in maturity group zone I; egg densities averaged 4,913 and 3,034 eggs/100cc soil in zones II and III,
respectively, in 1993, Final SCN egg densities were less than initial densities in most plots in several locations, even in
plots planted with susceptible soybeans. Such resulis were typical of experiments located in the western arcas of the
experimental region, where excess moisture and cooler temperatures were common throughout the 1993 growing season.
Generally, SCN egg densities increased on susceptible soybean varieties and decreased or stayed the same on resistant
soybean varieties in the eastern experimental sites, which had average or below-average rainfall in 1993,

Results obtained in 1994 were more consistent across the experimental region than in 1993. Differences in average’
unadjusted yields between SCN-resistant and susceptible soybean varieties and between SCN-infested and noninfested
fields were much greater in the second year of experimentation. Average initial SCN egg densities for infested sites in
maturity group zones I, II, III, and IV were 1,973, 3,321, 2,217, and 1,482 eggs/100 cc soil, respectively, in 1994,
SCN egg densities decreased in most plots where SCN-resistant varietics were grown, whereas egg densities increased in
plots planted with SCN-susceptible varieties, Additional statistical analyses are being performed on the 1994 data.

Nonhost Crop Experiments

Experiments are conducted in several states cach year to determine and compare the effects of growing comn, a SCN
nonhost crop, on SCN population densities. Soil samples are collected at the beginning and end of each growing season,
and SCN population densities are determined. Changes in SCN densities in soils cropped to corn are calculated and
statistically comipared. For example, average percent decreases in SCN egg densities in plots planted with corn in 1993
were 77%, 56%, and 39% in Iowa, Missouri, and Ohio, respectively.




Race Survey

To determine the distribution of SCN races throughout the North Central Region, SCN populations isolated from
soil collected from infested soybean variety experiment locations are being evaluated. Race identification has been
completed for many of the SCN isolates, but many more have yet (o be tested. To date, race 3 is the most prevalent
race among the experimental field sites, although races 4, 6, 9, and 14 also have been identified (Table 4),

Extension Activities

Cooperators in each state are encouraged to organize field day demonstrations to educate farmers about SCN biology
and management practices. Field days have been conducted in Iowa, Kansas, Michigan, Missouri, Minnesota,
Nebraska, Ohio, and Wisconsin, and the project coordinator has participated in numerous demonstrations throughout
most of these states. Field days have increased growers’ awareness about SCN. Some growers have detected SCN in
their fields after learning how to check for the presence of the nematode at a field demonstration, whereas others have
collected soil samples and sent them to cooperating universities for testing. Since the project’s inception, SCN has been
discovered in counties in Iowa, Kansas, Michigan, Minnesota, Nebraska, and Ohio that had not previously been known
to be infested with.the nematode. Slides of the project logo, maps of the known distribution of SCN in the region
(Figure 2), maps of experimental locations, and results.are sent to cooperating scientists in participating states for use in
educational efforts. . ‘

Summary

The North Central Soybean Cyst Nematode Project has been met with great interest among researchers, extension
personnel, agribusiness, and growers in all participating states. The coordinated efforts of nematologists and plant
pathologists from universities across the North Central Region have been instrumental to the success of the project,
Grower awareness of SCN has increased dramatically as a direct result of the efforts of the project coordinator and the
university scientists cooperating in the project. Results of research conducted in 1993 and 1994 reveal that management
strategies may have very different effects on SCN population densities and soybean yields, depending on weather, soil
type, and, perhaps, other factors, Results of 1995 research will be combined with existing data and analyzed in its
entirety to attempt to better understand, and perhaps predict, the effects of standard SCN management strategies on
nematode densities and crop yields across the region.




Table 1. Cooperating scientists of the North Central Region Soybean Cyst Nematode Project.

State Alffiliation Cooperator(s)
Project Coordinator Towa State University Peggy R. Thorson
Illinois University of Illinois Gregory R. Noel
Indiana Purdue University John M. Ferris
Jamal Faghihi
Towa Iowa State Univ.ersity Gregory L. Tylka
Kansas Kansas State University Douglas J. Jardine
Tim C. Todd
Michigan Michigan State University Haddish Melakeberhan
: ' George W. Bird
Minnesota University of Minnesota Ward C. Stienstra
Missouri University of Missouri Terry L. Niblack
' Harry L. Minor
Nebraska University of Nebraska David S. Wysong-
Ghio Ohio State University Patrick E. Lipi)s
Paulette Pierson
Richard M. Riedel
A. F. Schmitthenner
Terry A, Wheeler
Wisconsin University of Wisconsin Ann E, MacGuidwin |
: Craig Grau
Ed Oplinger




Figure 1. Location of soybean variety experiments among the soybean maturity group zones in 10 states in the North
Central Region in 1994.
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Table 4. Soybean cyst nematode race tests of bulk soil samples from 1993 and 1994 variety trial

experimental site locations. -

Female Index?@
Mean No. » Race
Site¢  Cystson Lee’  'Peking' Pickett'  PI88788 PI90763  DesignationP
IL-11 395 38.8 111.4 7.0 — 317 14
IL-2 254 24.0 88.9 1.3 1.0 9
IL-3 162 0.0 0.7 0.5 0.0 3
IA-I1 537 2.6 2.1 3.3 0.1 3
TIA-I2 1038 2.0 18.6 33 0.5 6
1A-3 825 0.0 0.1 1.4 0.0 3
KS-1 455 0.0 1.7 14 0.0 3
KS-2 143 0.1 0.6 4.2 0.6 3
KS-12 152 20.7 56.5 21.7 . 277 4
MI-I1 406 0.1 0.3 5.7 0.4 3
MI-I2 361 7.4 1.7 6.3 0.0 3
MO-I1 92 0.3 0.0 0.2 0.0 3
MO-I2 527 0.0 4.3 3.3 0.0 3
MO-N 351 7.7 0.9 5.1 0.0 3
" MN-1 95 0.0 2.6 3.0 0.0 3
MN-I1 573 0.4 15.8 1.0 0.1 6
MN-I2 65 13.9 13.7 8.0 2.9 9
MN-I3 83 2.3 17.3 6.2 0.0 6
NE-1 918 0.0 1.1 1.3 0.8 3
NE-2 770 0.0 04 32 1.8 3
NE-12 109 0.0 0.6 0.0 0.0 3
OH-I1 . 120 52 0.4 27 0.0 3
OH-12 o221 2.8 0.2 1.2 0.0 3
OH-N 121 4.9 0.1 2.3 0.0 3
OH-1 231 44.0 21.2 6.1 15.1 14
OH-2 . 573 38.2 90.5 9.3 10.2 14
WI-I1 86 0.0 0.2 0.8 0.0 3
WI-12 381 0.9 12.4 0.7 0.0 6
WI-2 312 0.3 0.2 8.5 0.1 3

4 Female index = (average # females on differential/ average # females on Tée' } X 100

b Based on 16-race scheme of Riggs and Schmitt

- © First two letters of field location designation indicates the state in which the field is
located; numbers represent field numbers.
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Figure 2. Known distribution of soybean cyst nematode in the 10 states participating in the

North Central Soybean Cyst Nematode Project.
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Coordination of Regional Soybean Cyst Nematode Tests

Cecil D. Nickell, Ph.D.
Department of Agronomy
University of Ilinois

Introduction:

The soybean cyst nematode (SCN), Heferodera glycines, is a serious problem in the
soybean production area. The initial search for genetic resistance to SCN identified the cultivar,
Peking, with resistance to SCN populations designated races 1 and 3. Further evaluation of the
soybean germplasm identified PI 88.788 and PI 89.772 with high levels of resistance to SCN
population designated race 4. As additional sources (PI 437.654) of resistance to the soybean
cyst nematode are identified in the greenhouse and laboratory, they are incorporated into adapted
breeding lines. The critical evaluation of soybean cyst resistant breeding lines throughout the
soybean production area from Canada to Tennessee, and Maryland to Nebraska, facilitates the
release of soybean cyst nematode resistant germplasm and varieties. These new releases are
essential to protect against yield losses and increase soybean farmer profits in the United States
and Canada, '

As part of the annual Soybean Breeder's Workshop effort to coordinate Soybean Cyst
Nematode research, the Northern Regional Soybean Cyst Nematode Test was initiated on a
limited basis in 1979 by R. L. Bernard. Upon R, L. Bemard's retirement, C. D. Nickell continues
to compile and publish Regional Soybean Cyst Nematode Reports (1988 through 1995). Since
1993, the United Soybean Board has partially funded the Coordination of the Northern Regional
Soybean Cyst Nematode Test. The goals of this test are to evaluate soybean cyst nematode
resistant breeding lines in cyst infested soils in the United States and Canada, to compile data from
these cyst nematode infested test locations, and publish this information for use in releasing new
soybean cyst resistant germplasm and varieties. Also, this soybean cyst nematode cooperative
test provides information on the interaction of the genes for resistanceé to SCN in the plant and the
soybean cyst nematode population in the soil. With this information, long range plans for variety .

"development can be coordinated to reduce the future losses to new races of the soybean cyst

nematode.
Procedures:

In January, researchers in public breeding programs submit a list of soybean cyst
nematode resistant breeding lines for inclusion in the Northern Regional Soybean Cyst Nematode
Test. Entries are grouped by maturity into four tests (I, II, 111, and IV). Cooperators, that
include soybean breeders, geneticists, nematologist, and pathologist, in 13 states (Delaware, Jowa,
Ilinois, Indiana, Kansas, Kentucky, Maryland, Minnesota, Missouri, Nebraska, Ohio, Tennessee,
and Virginia) and Canada indicate the number of locations and tests that they will plant. In
February, the cooperators meet in St. Louis, Missouri to review the procedures used in the tests

r
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and discuss new potential variety releases. In March, seed for each entry is sent to one location
(C. D. Nickell, Illinois) for packaging and distribution. In September, data forms are prepared by
C. D. Nickell and sent to the participants. Information requested from multiple row replicated
 tests include yield, maturity, heiglit, lodging, seed quality, seed protein and oil, and cyst data (cyst

counts, plant vigor ratings, cyst reproduction etc.). In December, data forms are returned by
cooperators to C. D. Nickell. Information is compiled by test and location; and summarized for
each year and over several years. The Northern Soybean Cyst Nematode Report is published and
distributed to test participants and non-participants.

Results:

The SCN Regional Test has expanded from two locations in 1979 to 40 locations in 14
states and Canada in 1994. Since 1979, over 700 soybean breeding lines have been evaluated.
The 1994 entry list includes 96 different SCN resistant soybean lines from 10 soybean research .
programs. From these cooperative tests, over twenty soybean varieties and germplasm lines have
been released (Bronson; Purdue), (Alpha, Freeborn, and Faribault; Minnesota), (Avery, Delsoy
4210, Delsoy 4710, and Delsoy 4500; Missouri-Portageville), (Saline; Missouri-Columbia), (Nile
and Pharaoh; Southern Illinois University) (A20 and Newton; Iowa) (Fayette, Cartter, and
Linford; Illinois-USDA) (Jack, Bell, and Yale; Illinois). Also, a number of soybean cyst nematode
resistant breeding lines (unreleased) evaluated in this test are being used by many soybean
breeders in their research programs.

References:

Nickell, C. D. 1992. Northern Regional Soybean Cyst Nematode Test Report Group I- IV.
University of Hlinois, Urbana, IL.

Nickell, C. D. 1993. Northern Regional Soybean Cyst Nematode Test Report Group -1V,
University of Hlinois, Urbana, IL. : .
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University of Ilinois, Urbana, IL. . -
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DNA Marker Analysis and Linkage Mapping of
Soybean Cyst Nematode Resistance

Vergel Concibido

Roxanne Denny

Douglas Lange

Dariush Danesh

James Orf

Nevin Young

Departments of Plant Pathology and
Agronomy and Plant Genetics

University of Minnesota, St. Paul, MN 55108

Abstract

To identify genes for soybean cyst nematode resistance, we analyzed four segregating soybean
F2 populations ('Evans’ x Pl 209332, Evans X P1 90763, Evans X Pl 88788 and Evans X 'Peking) and a .
F5:6 nearly-recombinant inbred population derived from the Evans X Pl 209332 cross. Among all ’
populations, two to four independent partial resistant loci were found to be significantly associated with
SCN resistance. One of these loci, located on the top of linkage group G, behaved as a major partial
resistance gene and was commaon in all the populations studied. This locus explained up to 48.6% of
total phenotypic variation based on r-square estimates in Pl 209332, 44.8% in Pl 80763, 30% in Pl
88788 and 22.5% in Peking populations.

To uncover DNA markers tightly linked to SCN resistance, comparative genome mapping with
soybean relatives was performed. This analysis indicated that several Yigna and Phaseolus markers were

tightly linked to SCN resistance on linkage group G, leading to an increase in marker density from one

marker every 10 centimorgans to one marker every 2 centimorgans. Conservation at the physical level
may be especially helpful in positional gene cloning in soybean since the genome size of V. rg,ci:a a is
approximately 40% that of G. max. :

Introduction _

-Genome mapping and positional cloning are revolutionizing the study of plant disease genetics.
Recently, we have begun to focus on soybean cyst nematode (SCN) resistance based on DNA marker
mapping of the most important resistance ioci . In the long run, these experiments will have a major impact
on marker-assisted breeding for SCN resistance, development of durable resistance strategies to contro!
the nematode, and eventually, positiona! cloning of the underlying resistance genes.

Materials and Methods

The mapping populations were constructed by crossing ‘Evans’ with the following sources of SCN
resistance: Pl 208332, Pl 80763, P| 88788, and 'Peking’. Seventy-six to 113 F2 individuals, together with
the parents, were either grown in the greenhouse or in the field and used as source of leaf tissue for DNA
extraction and RFLP analysis. Plants were allowed to recover and set F3 seeds, which were saved for
SCN disease assay. The Pl 209332 population