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Variation in Resistance of Soybean Lines to Races of 
Heterodera glycines 

D. G. KIM, 2 R.  D. RtGGS, 3 AND A. ~xAUROMOUSTAKOS 4 

Abstract: The  objective o f  this study was to de te rmine  the interrelat ionships of  Heterodera glycines races 
based on  their  resistance to soybean (Glycine max) cultivars and  lines against which they were tested. 
Greenhouse  tests de t e rmined  the n u m b e r s  of  females of  each of  e ight  races of  H. glycines that  developed 
on 277 to 522 soybean cultivars and  lines. A Female Index  ( n u m b e r  of  females on a test cultivar as a 
percentage  of  the  n u m b e r  on  'Lee 74') was calculated and  used in f requency distributions, correlations, 
and  d u s t e r  analyses o f  the resistance reactions to the  different races in an  a t tempt  to de te rmine  
relat ionships a m o n g  cultivars. Frequency distribution pat terns o f  all cultivars and  lines tested against  
each race were skewed in favor of  resistance, and  in some cases bimodality was observed. The  majority 
o f  correlations between pairs o f  races were highly significant. Cluster  analyses based on the  correlations 
divided eight  races into four  clusters that  explained 73% of  the  variation in resistance. Cluster 1 was 
compr ised  of  races 2, 4, and  14; Cluster 2 was compr ised  of  races 6 and  9; Cluster 3 was compr ised  of 
races 1 and  3; and  Cluster 4 was comprised  of  race 5. The  informat ion  obta ined  in this study could 
increase the efficiency of  testing resistant soybean breed ing  lines for resistance to I-1. glycines. 

Key words: Cluster analysis, Glycine max, Heterodera glycines, nematode ,  resistance, soybean, soybean cyst 
nematode ,  virulence group.  

Soybean cyst nema tode  (SCN), Heterodera 
glycines Ichinohe,  causes more  yield reduc- 
tion of  soybean, Glycine max (L.) Merr., in 
the Uni ted  States than  any o the r  disease 
(Doupnik,  1993; Zhang et al., 1992). Use of 
genetic resistance is the major  m e t hod  for  
limiting yield losses due to this nema tode  
(Epps et al., 1981). 

Selection pressure results in deve lopment  
of  virulent  races of  SCN and often compro-  
mises cultivars with race-specific resistance 
within a few years. Riggs and  Schmitt  (t988) 
identified 16 possible races of  SCN based on 
relative female matura t ion  on four  differen- 
tial soybean lines. However, b reed ing  resis- 
tant  cultivars for  all 16 races is not  necessary 
because some races occur  m u c h  more  fre- 
quently than others  in the Uni ted  States 
(Anand et al., 1994; Kim et al., 1997); eight  

Received for publication 6 May 1997. 
1 Approved for publication by the Director, Arkansas Agri- 

cultural Experiment Station, Fayenevine, AR 72701. This re- 
search was supported by funds provided by the soybean pro- 
ducers of Arkansas through the Arkansas Soybean Promotion 
Board. 

2 Formerly, Department of Plant Pathology, University of Ar- 
kansas, Fayetteville, AR 72701. Currently, Department of Crop 
Protection, Agricultural Science and Technology, Institute, Ru- 
ral Development Administration, Suweon, South Korea. 

s Department of Plant Pathology, University of Arkansas, Fay- 
etteville, AR 72701. 

4 Agricultural Statistics Laboratory, University of Arkansas, 
Fayetteville, AR 72701. 

E-mail: rdriggs@comp.uark.edu 

184 

of  the races are seldom found  in soybean 
fields in the Uni ted States. 

Deve lopment  of  race-specific resistant soy- 
bean  cultivars is a labor-intensive and  time- 
consuming  process. Many progeny  derived 
f rom a cross must  be screened to obtain a 
few resistant plants. These resistant plants 
can be identified only by a bioassay in which 
they are grown in soil infested with SCN. 
After ca. 30 days, females and  cysts are ex- 
t r a c t e d  f r o m  the  r o o t s  a n d  soil ,  a n d  
counted.  Hundreds  of  soybean plants must  
be screened to find one that  is resistant to 
just  one race, and  the process must  be re- 
pea ted  for each race. 

A soybean field is infested with only one 
race of  H. glycines, even though  mult iple  
parasi t ic  genotypes  are present .  I f  m o r e  
than one sample is taken f rom a field, the 
nema tode  popula t ion in each sample may 
be a different race, but  the race in the field 
is a composi te  of  all the genotypes in all the 
samples.  Plant ing cultivars with different  
sources of  resistance in different areas o f  the 
field is not  practical. Therefore ,  a race test 
of  the composi te  popula t ion  f rom the field 
provides a guide to the type of resistance 
needed  to suppress damage  by the nema- 
todes present.  The race of  SCN in a field 
shou ld  be  de te rmined  before  a race-specific 
resistant cultivar is r e commended .  Cultivars 
with resistance to several races may reduce 
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chances of  race shifts in the SCN popula-  
tion. Similarly, use of  tolerant  cultivars may 
help attain normal  yields in the presence  of  
SCN without  inducing race shifts (Riggs and  
Schmitt, 1988). 

Results f rom several genetic studies (Cavi- 
hess, 1992; Hancock  et al., 1987; Mansur  et 
al., 1993) indicate that  genes for resistance 
to some races of  SCN may be l inked to one 
ano ther  and  that several genes for  resistance 
may be alleles at the same locus. For ex- 
ample,  resistance genes to races 4 and 5 in 
the soybean  line J81-116 a p p a r e n t l y  are 
l inked (Hartwig and  Young, 1986). The  ob- 
jective of  this study was to de te rmine  inter- 
relationships a m o n g  races of  SCN relative to 
resistance in available soybean cultivars in 
order  to de te rmine  whether  a more  efficient 
me thod  of  testing for resistance could be 
developed.  

MATERIALS AND METHODS 

Screening procedure: During 1991-94, 524 
soybean cultivars and breed ing  lines, mainly 
in Maturity Groups V-VII, were examined  
for resistance to H. glycines. Although a total 
o f  524 cultivars and  b r eed i ng  lines were 
tested, not  all were tested against every race. 
Not  all races were tested at the same time, 
and, in any given test, seeds of  a particular 
cultivar or  line ei ther  might  not  have germi- 
nated or seed numbers  may have been  in- 
sufficient for all tests. Races 1-6, 9, and  14, 
which are found  most  frequently in soybean 
fields in the central  Uni ted States (Anand 
and Rao-Arelli, 1989; Luedders,  1989), were 
used in these experiments .  Race 6 was the 
most  difficult race to maintain,  and  the few- 
est cultivars and  lines were tested against it. 
Seeds of  soybean lines were received f rom 
various sources, germina ted  in vermiculite, 
and t ransplanted into fine sandy soil in pots. 
The  soil then was infested with eggs and sec- 
ond-stage juveniles (J2) of  the appropr ia te  
race (Riggs et al., 1991). Eggs and J2 were 
obta ined f rom stock cultures main ta ined  in 
a g reenhouse  at the University of  Arkansas. 
The  four  differential host  soybean cultivars 
and  lines, Pickett,  Peking,  PI88.788, and  
PI90.763 (Riggs and  Schmitt, 1988), were in- 

e luded in each exper iment ,  and when a test 
required more  than one greenhouse  bench  
they were included on each bench,  to con- 
f irm race identity. Each soybean line was 
replicated five times for  each race with one  
plant  pe r  replication. The  n u m b e r  of  fe- 
males p roduced  on each soybean line was 
conver ted to a Female Index  (FI), def ined as 
the n u m b e r  of  females that  developed on  a 
soybean line expressed as a percentage  of  
the n u m b e r  that  developed on the suscep- 
tible cultivar, Lee 74. The  average FI of  each 
soybean line was used in statistical compari-  
sons. 

Analysis: The  f requency distributions of  
FIs of  all races tested on all cultivars and 
lines were depicted with no tched  boxplots  
(McGill et al., 1978) (Fig. 1). The  no tched  
boxplo t  shows the mean  (asterisk) and  the 
med ian  with an a p p r o x i m a t e  95% confi- 
dence  interval and  mild and  ex t reme oufli- 
ers. The  box  width is p ropor t iona l  to the 
sample size. The  no tched  boxplo t  is used 
instead of  the regular  boxplo t  to show an 
approx imate  95% conf idence  interval for  
the location of  the popula t ion  median  by 
notches on the side of  the box. Two races, 
the notches of  which do not  overlap, are 
cons idered  significantly different  in their  
central  values. The  notches are calculated as 
the med ian  _+ 1.58 ( In te rQuar t i l e  Range 
[ IQR] /~n ,  where IQR is the middle  50% of  
the range and  n is the n u m b e r  of  entries) to 
give an approx imate  95% compar ison of  the 
median  (Velleman and Hoaglin,  1981). 

A correlat ion matrix between pairs of  the 
e igh t  races was g e n e r a t e d  with the SAS 
CORR procedure  (SAS version 6.12, SAS In- 
stitute, Cary, NC). These correlations were 
used in the SAS VARCLUS p rocedure  to di- 
vide races into groups in a tree diagram. 

RESULTS AND DISCUSSION 

Frequency distribution: The  frequency distri- 
but ion pat terns for FI differed a m o n g  races 
(Table 1). Lines resistant (FI <10%) to race 
3 were the most  abundan t  (48.7%, 254 of  
522), and resistant lines were least f requent  
with races 4 and  2 (0.6%, 2 of  309 and  3.0%, 
12 of  396, respectively). The  skewedness of  
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FIG. 1. Relative matura t ion  of e ight  races of  Heterodera glycines on soybean cultivars. The no tched  boxplot  
graphically represents  the ent i re  range of  Female Indices (FIs) ob ta ined  by testing large numbers  of soybean 
cultivars against  the H. glycines races. The width of the box represents  the relative n u m b e r  of cuhivars and  lines 
tested, the asterisk indicates the mean  FI of  all entries, and the notch  marks the median  FI from all tests within 
a race. The  l ine th rough  the box represents  the popula t ion  and the d iamonds  and squares represent  different 
levels of outliers. The notches are calculated as med ian  + 1.58 (InterQuart i le  R a n g e / ~ n  [n = n u m b e r  of entries] ) 
(Velleman and Hoaglin,  1981). 

TABLE 1. Summary statistics associated with frequency distr ibution of  the Female Indices a of  524 soybean 
cuhivars and  lines tested against  e ight  races of Heterodera glycines. 

Race 

Factors b 1 2 3 4 5 6 9 14 

n 365 396 522 309 464 277 380 424 
Mean 60.1 74.7 41.2 80. l 89.2 70.2 84.1 98.4 
SD 40.9 43.0 47.2 45.0 43.8 65.9 82.6 95.3 
CV (%) 68.1 57.6 114.7 56.2 49.1 93.9 98.2 96.9 
Skewedness 0.95 0.78 0.99 1.28 0.96 2.02 3.49 3.65 
Kurtosis 3.50 0.57 0.09 3.65 1.90 7.88 18.14 27.20 
Median 60.9 69.65 11.55 76.3 84.95 46.7 69.3 84.65 
IQR 311.3 243.7 223.0 317.8 298.0 516.7 762.3 1,048.0 

Female Index is the number of females developing on a soybean line expressed as a percentage of the number developing on 
the susceptible cultivar, Lee 74. 

b Skewedness is a measure of the asymmetry of the frequency distribution for each race. Kurtosis is a measure of the extent to 
which the frequency distribution (curve) is "peaked"; that is, the extent of the relative steepness of the ascent in the vicinity of the 
mode. IQR or InterQuartile Range is the distance between the upper and lower quardles. 
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the resistance dis t r ibut ion var ied a m o n g  
nematode  races (Table 1; Fig. 1). With race 
1, the IQR had FIs between 29.0 and  85.7 
with a median  of  60.9; with race 2, the IQR 
had  FIs between 39.5 and 100.0 with a me- 
dian of  69.6; with race 3, the IQR fell be- 
tween FIs of  2.6 and  76.2 with a median  of 
11.5; with race 4, the IQR fell between FIs of  
48.4 and  102.7 with a median  of  76.3; with 
race 5, the IQR fell between FIs of  62.0 and  
109.8 with a median  of  84.9; with race 6, the 
IQR fell between FIs of  21.6 and  103.6 with 
a median  of  46.7; with race 9, the IQR fell 
between FIs of  35.0 and  100.0 with a median  
of  69.3; with race 14, the IQR fell between 
FIs of  31.6 and  131.4 with a median  of  84.6 
(Table 1; Fig. 1). The  frequency distribution 
pat tern  was skewed in favor of  resistance to 
race 3. Analysis-of-frequency distribution of  
FIs with Shapiro-Wilk W-statistics indicated a 
significant deviation f rom normali ty with ev- 
ery race except  race 5. The  frequency distri- 
butions also showed cont inuous variation, 
typical of  multiple mino r  gene action. 

Correlation analyses: The  n u m b e r  of  soy- 
bean  lines used to generate  correlat ion ma- 
trices was 109 (between races 4 and  6) to 463 
(between races 3 and  5) because not  all lines 
were tested against all races (Table 2). Most 

of  the pairwise correlations of  FIs between 
races were low but  significant (P< 0.05), and  
all s ignif icant  co r re la t ions  were  posit ive 
(Table 2). Race 5 was the least corre la ted 
with o ther  races, whereas races 1 and  3 were 
significantly correlated with all o ther  races 
tes ted  ( co r r e l a t i on  coeff icients  b e t w e e n  
0.141 and 0.486). Race 5 is characterized by 
hav ing  v i ru l ence  genes  fo r  P icke t t  and  
PI88.788, whereas race 1 has virulence genes 
for  PI88.788 only and race 3 has no genes 
for  virulence on any resistant cultivar or 
line. 

Cluster analysis: The PROC VARCLUS pro- 
cedure  divided the FIs of  the eight races into 
clusters of  1 to 8. When  all races were clus- 
te red  together  in one  cluster, only abou t  
31% of  the variation was explained; when 
each race was in a separate  cluster, 100% of 
the variation was explained. Four  clusters 
(Cluster 1 = races 2, 4, 14; Cluster 2 = races 
6, 9; Cluster 3 = races 1, 3; Cluster 4 = race 5) 
provided a good  summary  of  data and  ac- 
counted  for 73% of  the variations, five clus- 
ters accounted  for  82%, and  six clusters ac- 
counted  for 90%. 

When  four clusters were used to represent  
the variation, Cluster 1 (races 2, 4 and  14) 
accoun ted  for  the h ighes t  p r o p o r t i o n  of  

TABLE 2. Correlation coefficients (upper  numbers)  and numbe r  of  comparisons (lower numbers)  between 
Female Indices ~ of pairs of eight races of Heterodera glycines tested on 277 to 522 soybean lines. 

Race 

Race 1 2 3 4 5 6 9 14 

1 h000 
365 

2 0.198" 1.000 
266 396 

3 0.486* 0.236* 1.000 
364 396 522 

4 0.158" 0.310' 0.260* 
268 231 308 

5 0.146" 0.177" 0.141" 
364 337 463 

6 0.161" 0.100" 0.467* 
198 229 277 

9 0.157" 0.189" 0.196" 
340 255 380 

14 0.415" 0.266* 0.237* 
269 350 426 

1.000 
309 

0.177" 1.000 
309 464 

0.195" 0.049 1.000 
109 219 277 

0.108" 0.073* 0.514" 
286 381 201 

0.127" -0.014 0.186" 
250 368 2 3 5  

1.000 
381 

0.192" 1.000 
286 426 

a Female Indices (the number of females developing on a soybean line expressed as a percentage of the number developing on 
the susceptible cuttivar, Lee 74) of each race on each resistant soybean line were used to generate the correlation matrix. 
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variation (55.6%). Of  the 220 lines tested 
against all three races, 19 lines were resistant 
to race 14, 4 were resistant to race 2, and 1 
was resistant to race 4 as well as races 2 and 
14. Cluster 2 (races 6 and 19) represented 
24.7% of the variation. Fewer soybean lines 
were resistant to race 6 or 9. Of  the 144 lines 
tested against both races, 7 lines were resis- 
tant to race 6, and 19 lines were resistant to 
race 9; 7 lines were resistant to both races. 
All seven lines resistant to race 6 were also 
resistant to race 9. Cluster 3 (races 1 and 3) 
a c c o u n t e d  for the lowest p r o p o r t i o n  o f  
variat ion (0.1%). This g roup  was tested 
against many soybean cultivars and lines that 
were resistant to both races. Of  the 365 lines 
tested against both races, 53 lines were resis- 
tant to race 1 and 171 lines were resistant to 
race 3; 49 lines were resistant to both races 
(Table 3). Cluster 4 had only race 5, and it 
explained 19.6% of the variation. Only 5 of 
the 463 lines tested were resistant to race 5. 

The VARCLUS procedure  performs hier- 
archical clustering of  variables based on a 
correlation matrix (all variables are treated 
as equally important) .  Therefore,  VARCLUS 
can be used to reduce the number  of  vari- 
ables. The clusters are chosen to maximize 
the variation represented by the first princi- 
pal c o m p o n e n t  of  each cluster. The first 
principal componen t  is a weighted average 
of  the variables that explains as much  vari- 
ance as possible. It also attempts to divide a 
se t  o f  n u m e r i c  v a r i a b l e s  i n t o  n o n -  
overlapping clusters in such a way that each 
cluster can be interpreted as essentially uni- 
dimensional. Cluster componen t  scores and 
tree diagrams of  hierarchical clusters show 
variations within clusters. Variable cluster 
analysis has been used to identify virulence 
groups among races of  various pathogens 
(Chen et al., 1993; Zhang et al., 1992). 

The VARCLUS oblique componen t  analy- 
sis of  the FI of  all of  the cultivars and lines 
tested against the respective races of  H. gly- 
cines is shown in the tree diagram (Fig. 2). A 
given number  of  cluster components  does 
not  generally explain as much  variance as 
the same number  of  principal components  
in the full set of  variables, but  the cluster 
components  are usually easier to interpret  

TABLe 3. Number  of soybean lines in each category 
of phenotype  susceptibility for each race of  Heterodera 
glycines. 

Susceptibility level ~ 

R MR MS S 

Race 1 Race 3 
R 49 3 0 1 
MR 30 5 2 5 
MS 51 6 10 18 
S 41 16 21 105 

Race 2 Race 4 
R 2 2 1 3 
MR 0 5 8 12 
MS 0 11 16 30 
S 0 9 27 105 

Race 4 Race 14 
R 1 0 0 0 
MR 1 0 2 4 
MS 3 5 7 14 
S 17 18 18 50 

Race 6 Race 9 
R 7 0 0 0 
MR 8 16 5 6 
MS 4 3 12 14 
S 0 0 19 50 

Race 2 Race 14 
R 2 0 1 6 
MR 8 7 5 22 
MS 10 23 11 55 
S 13 14 25 139 

a R = resistant (FI = 0-9%), MR = moderately resistant (FI = 
10-30%), MS = moderately susceptible (FI = 31-60%), S = sus- 
ceptible (FI > 60%). 

than the principal components ,  even if the 
latter are rotated. By default, VARCLUS be- 
gins with all variables in a single cluster. It 
then repeats the following steps: (i) a cluster 
is chosen for splitting; (ii) the chosen cluster 
is split by finding the first two principal com- 
ponents ,  per forming an oblique rotat ion 
and assigning each variable to the rotated 
c o m p o n e n t  with which it has the h igher  
squared correlation; and (iii) variables are 
iteratively reassigned to clusters to maximize 
the variance represented by the cluster com- 
ponents. Races 6 and 9 were the first to be 
grouped together followed by races 1 and 3, 
then races 2 and 4. Race 14 was closely re- 
lated to the last group, and race 5 was not  
closely related to any other  group but  was 
closest to race 4. 

Races 6 and 9, which formed Cluster 2, 
both parasitize the soybean cv. Pickett; race 
9 also parasitizes cv. Peking, which was the 
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source of  resistance for Pickett. Races 1 and 
3, forming cluster 3, differ only in the ability 
to parasitize PI88.788. Race 3 differs from all 
o ther  races in that it does not  parasitize any 
of  the differentials. Race 6 differs f rom race 
3 only in that it parasitizes Pickett. Races 2, 
4, and 14 in cluster 1 all parasitize Pickett 
and  Peking;  race 2 does no t  parasit ize 
PI90.763, and race 14 does not  parasitize 
PI88.788, both of  which are parasitized by 
race 4. Race 5 represents a separate cluster 
or  is an outlier in that it parasitizes Pickett, 
with resistance from Peking, and PI88.788, 
which represents a different mechanism of  
resistance (Kim et al., 1987). Resistance in 
Peking is a hypersensitive type that is associ- 
a ted  with cons ide rab l e  tissue necrosis ,  
whereas resistance in PI88.788 results in a 
breakdown of  the nuclear envelope but  with 
little or no tissue necrosis. Cluster analysis 
placed 20 races of  Puccinia striiformis in six 
virulence clusters, which agreed closely with 
virulence, chronological  appearance,  and 

geographic distribution of  the races (Chen 
et al., 1993). 

The efficiency of  testing soybean lines for 
resistance to multiple races of  H. glycines 
could be increased by screening for resis- 
tance to the races in a particular order. Con- 
sidering the soybean lines used in our  study, 
if the cultivars and lines that were screened 
against  races 1 and  3 (Cluster 3) were 
screened first against race 1, 53 of  them 
would have been selected as resistant to race 
1; and of  the 53 lines, 92% (49 lines) would 
be resistant to race 3 (Table 3). If  the screen- 
ing order  were reversed, however, the effi- 
ciency would  be m u c h  lower: 171 lines 
would be selected as resistant to race 3; then, 
of  the 171 lines, 29% (49 lines) would be 
resistant to race 1. Consequently, screening 
with race 1 first would result in a reduction 
in the number  of  soybean lines that would 
need to be screened against race 3, thus in- 
creasing the efficiency. This screening order  
would mean that the race 3 resistance in 122 
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of the lines would remain unknown, a situ- 
ation that might not  be important  in the 
southern states where race 3 is scarce, but 
could be important  in the nor thern  states 
where race 3 predominates.  

Among  the cultivars and lines that were 
screened against races 6 and 9 (Cluster 2), 
all 7 lines resistant to race 6 were also resis- 
tant to race 9, but  only 7 of  19 lines resistant 
to race 9 were resistant to race 6. In contrast, 
a m o n g  the cultivars and  lines that were 
screened against races 2, 4, and 14 (Cluster 
1), the order  would not  be as important. 
Only two cultivars or lines resistant to race 4 
and 9 were resistant to race 2, whereas 33 
were resistant to race 14. Screening race 4 
first would delete potentially important  lines 
resistant to races 2 and 14. Race 2 could be 
screened first because both lines resistant to 
race 4 were also resistant to race 2, and fewer 
lines would need to be screened against race 
14. Consequently, the suggested order  of  
screening is race 1, 3, 6, 9, 2, 14, 4, and 5. 

Our  results demonstrate that host resis- 
tance levels are corre la ted  a m o n g  some 
races of  SCN. Races are differentiated by 
hosts that carry different genes for resis- 
tance. Thus, assuming gene-for-gene corre- 
spondence,  such correlations suggest close 
associations of  genes for resistance in the 
soybean lines. 

Use of  an intermediate level of  resistance 
may prevent economic losses while reducing 
the chance of  race shifts in the SCN popu- 
lation. This approach would be similar to 
the use of  tolerant lines as r ecommended  by 
Reese et al. (1988). Therefore,  in order  to 
develop soybean lines with resistance to as 
many races as possible, it may be important  
to consider intermediate levels of  resistance 
as well as high levels of  resistance. For ex- 
ample, Peking is classified as susceptible to 
race 4, but  it is much  more  resistant than 
Lee or Pickett (Hancock et al., 1987). Be- 
cause few lines are available that have FI < 10 
to race 4 or to race 2, consideration should 
be given to using lines that have moderate  
resistance. 

In practice, in the nor thern  United States 
where races 1 and 3 predominate  (Anand et 
al., 1994; Luedders, 1989), lines should be 

screened against races 1 and 6 first, then 
against races 3 and 9, with only lines resis- 
tant or moderately resistant to races 1 and 6 
being screened against races 3 and 9, respec- 
tively. In contrast, in the southern states 
where races 2, 4, 5, 6, 9, and 14 comprise 
87% of the SCN populat ions (Luedders,  
1989), initial screening should be against 
races 6 and 2, then resistant and moderately 
resistant lines should be screened against 
races 14, 4, and 5. Although many lines are 
resistant to races 3 and 6, little benefit would 
be derived f rom selecting them because 
90% of the SCN populations in the southern 
United States have virulence genes for Pick- 
ett (Anand et al., 1994; Luedders, 1989). 
The procedure  proposed in this study would 
be especially valuable for those who are 
sc reen ing  many  soybean b reed ing  lines 
against several races of  SCN. For example, if 
1,000 lines are to be screened against six 
races of  SCN with the usual three replica- 
tions, the total number  of  pots would be 
18,000. Several months,  large areas of  green- 
house  space, and  h u n d r e d s  o f  working  
hours of  skilled technicians w o u l d  be re- 
quired. With the above r ecommended  pro- 
cedure, if the 1,000 lines were first screened 
against race 1, only about 14%, or 140 lines, 
would be screened against race 3. Screening 
against race 3 would require only 420 pots 
rather than 3,000, for a total of  3,420 rather 
than 6,000, or a 43% reduction. Similar re- 
ductions would occur with the other  clusters 
of  SCN races. 

Soybean lines used in this study were not  
collected randomly but were breeding  lines 
f rom various seed companies  and public 
breeders actively seeking resistance to SGN 
in their programs. Consequently, the results 
could be biased because they used common  
sources of  resistance. Peking, because it has 
agronomic characteristics that are superior 
to those of  most H. glycines-resistant lines, is 
used widely as a resistant parent  in many 
breeding programs. Resistance from Peking 
was found in a yellow-seeded SCN-resistant 
cultivar early in the breeding program to 
provide resistant cultivars to use in H. gly- 
cines-infested soil (Brim and Ross, 1966). 
The race groups and frequency distribution 
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p a t t e r n s  p o s t u l a t e d  i n  t h i s  s t u d y  s h o u l d  b e  

r e c o n f i r m e d  w h e n e v e r  n e w  r e s i s t a n c e  

s o u r c e s  a r e  u s e d  e x t e n s i v e l y  i n  a b r e e d i n g  

p r o g r a m .  T h e  i n f o r m a t i o n  o b t a i n e d  i n  t h i s  

s t u d y  s h o u l d  b e  v a l u a b l e  i n  d e v e l o p i n g  cu l -  

t iva rs  w i t h  m u l t i p l e  r e s i s t a n c e  to  m a n y  r a c e s  

o f  SCN.  
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