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Soil Infestation Density Affects the Results of Heterodera 
glycines Race Tests 1 

SHOUHUA WANG,  ROBERT D. RIGGS, AND DEVANY CRIPPEN 2 

Abstract: Production of females by stock populations of races 1, 2, 3, 4, 5, 6, 9, and 14 of  Heterodera 
glycines on 'Lee 74', 'Pickett', 'Peking,' PI 88788, and PI 90763 soybean cultivars and lines at inoculum 
densities of  100, 1,000, 4,000, 5,000, and 10,000 eggs and second-stage juveni les /pot  (2.2, 21.8, 87.1, 
108.9, and 217.9/cm a soil) was tested to determine the effects of  soil population density on race 
identification using the 16-race scheme. Tests of  all races were repeated 1 to 3 times during the year, 
except for the race 9 test, which was conducted once. Only races 3 and 9 had the same race designation 
at all infestation densities in repeated tests. Races 2 and 4 consistently were identified at all except the 
lowest infestation densities. Race 5 was identified as race 15 at the 100 infestation density in one test, and 
as race 1 at the 1,000 density in another  test. Race 6 had significant numbers  of  females on Peking and 
P190763 that resulted in female indices of  34 on Peking and 14 on P190763 when the infestation density 
was 10,000. Race 14 was consistently identified between infestation densities of  4,000 and 10,000 but  was 
identified as race 6 or  9 at the 100 infestation density and as race 4 or 14 at the 1,000 infestation density. 
Race 1 was identified as race 5 in a few instances because Pickett was not  resistant to this population. The 
results of  this series of experiments suggest that an infestation density of 4,000 eggs and second-stage 
juveni les /pot  is best for race identification. Races were very poorly differentiated at the lowest density, 
differentiation was inconsistent at the 1,000 infestation density, and densities higher than 4,000 had 
reduced numbers  of  females on Lee 74 and relatively high numbers  on the differentials which resulted 
in poor  race differentiation with some races. 
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Reproduct ion of  the soybean cyst nema- 
tode, Heterodera glycines, by amphimixsis pro- 
vides an opportuni ty  for genetic variations 
between individuals or populations through 
genetic recombinat ion and gene mutations 
during reproduct ion.  A host plant  favorable 
for reproduct ion  of  a few specific individual 
nematode  genotypes will differentially in- 
crease these genotypes to form a populat ion 
that has host specialization (Sidhu and Web- 
ster, 1981). A host-specific form o fH.  glycines 
was first recognized by Ross (1962), and new 
biotypes (Miller, 1967b; Riggs et al. 1968) 
and host specificity (Koliopanos and Trian- 
taphyllou,  1971; Miller, 1967a) were re- 
p o r t e d  later.  Host-specific physiological  
strains of  H. glycines were def ined as races 
(Golden et al., 1970) and are now wide- 
spread (Riggs, 1982). 

Race classification provided an avenue for 
professionals to communica te  and define 
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the physiological variation of populations of  
this economically impor tant  nematode  spe- 
cies and its interaction with soybean. Stan- 
dardized procedures  for race tests and con- 
sistent race designation are essential, but  sig- 
nificant variability in race assignment was 
found when race tests were run in different 
laboratories (Riggs et al., 1988). One factor 
that may contr ibute to variable race deter- 
minat ion results is lack of  genetic uniformity 
in seed of  the soybean (Glycine max (L.) 
Merr .)  differentials  (Riggs and  Schmitt ,  
1991). Other  factors could be the proce- 
dures used in race tests, such as differences 
in pot  size, time of  infestation, nematode  
stage used for  infestation, and temperature,  
which may contr ibute to the variability in 
race tests (Riggs and Schmitt, 1991). 

The  determinat ion of  races of  14. glycines is 
based on the development  of  females on sus- 
ceptible and resistant differentials (Golden 
et al., 1970; Riggs and Schmitt, 1988). Be- 
cause resistance is not  complete,  a female 
index (FI) of  10 has been  used arbitrarily to 
designate negative (resistant) (FI < 10) and 
positive (susceptible) (FI >/10) reactions on 
differential hosts to a nematode  population. 
This relative value is de te rmined  by the ac- 
tual n u m b er  of  females p roduced  on differ- 
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ent ia l  hosts  c o m p a r e d  to the  n u m b e r  o f  fe- 
ma les  p r o d u c e d  o n  a s t a n d a r d  suscep t ib le  
hos t  ' L e e '  o r  ' L e e  74' .  Race  is n o t  a d i s t inc t  
g e n o t y p e  b u t  the  p h e n o t y p e  o f  a p o p u l a t i o n  
(Niblack ,  1992); a p o p u l a t i o n  o f  a given race  
m a y  c o n t a i n  gene t i ca l ly  d i s t inc t  ind iv idua l s  
t ha t  have  d i f f e r en t  r e p r o d u c t i v e  p o t e n t i a l  
on  the  d i f fe ren t i a l  soybean  hosts.  W h e n  vari- 
ab le  n u m b e r s  o f  eggs a n d  second-s t age  juve-  
ni les  a re  u s e d  for  in fes ta t ion  in a r ace  test,  
the  n u m b e r  o f  females  p r o d u c e d  on  the  dif- 
f e r en t i a l  hosts  a n d  Lee  74 may  vary, which  
will affect  the  FI  value  u s e d  to iden t i fy  races.  
Consequen t ly ,  the  objec t ive  o f  this r e s e a r c h  
was to d e t e r m i n e  the  effect  o f  d i f f e r en t  in- 
fes ta t ion  dens i t i es  o n  the  FI  o b t a i n e d  in  the  
d e t e r m i n a t i o n  o f  races  o f  H. glycines. 

M A T E R I A L S  A N D  M E T H O D S  

Stock  cu l tu re s  o f  H. glycines races  1, 2, 3, 4, 
5, 6, 9, a n d  14, which  h a d  given cons i s t en t  
resul ts  in cul t ivar  tests (Riggs e t  al., 1995),  
w e r e  t e s t e d  f o l l o w i n g  t h e  p r o c e d u r e s  o f  
Riggs a n d  Schmi t t  (1988).  Seeds  o f  the  dif- 
f e r en t i a l  cult ivars a n d  l ines  Picket t ,  Pek ing ,  
PI  88788,  a n d  PI  90763  ( G o l d e n  e t  al . ,  
1970), a n d  the  s t a n d a r d  suscep t ib le  soybean  
cul t ivar ,  L e e  74, were  g e r m i n a t e d  in  ver- 

micul i te .  T h e  cul t ivar  Har twig  was i n c l u d e d  
in all tests as a res i s tan t  s t a n d a r d  be c a use  i t  
is res i s tan t  to all races  o f  H. glycines. Seed-  
l ings  with o p e n e d  c o t y l e d o n s  were  t rans-  
p l a n t e d  i n d i v i d u a l l y  to 7 .5 -cm-d iam.  c lay 
pots  f i l led  with p a s t e u r i z e d  f ine  r iver  sand.  
Af te r  48 hours ,  the  d e s i r e d  n u m b e r  o f  eggs 
( p r i m a r i l y )  a n d  s e c o n d - s t a g e  j u v e n i l e s  
f reshly  p r e p a r e d  f r o m  a s tock  cu l tu re  was 
i n j e c t e d  in to  the  r h i z o s p h e r e  o f  each  test  
p lant .  P lants  were  g rown in a g r e e n h o u s e  
with  t e m p e r a t u r e  f l u c t u a t i o n  o f  23 °C to 
32 °C, a n d  n e m a t o d e s  were  a l lowed to de- 
ve lop  for  30 to 48 days (Tab le  1). F e m a l e s  

o n  each  p l a n t  were  e x t r a c t e d  by r u b b i n g  the  
f emales  f rom the  roo ts  in to  a pa i l  o f  wa te r  
a n d  p o u r i n g  t h e  r e s u l t i n g  s u s p e n s i o n  
t h r o u g h  n e s t e d  850- a n d  250-pm-pore  sieves. 
T h e  f emales  o n  the  250-pm-pore  sieve were  
r i n s e d  in to  a d ish  a n d  c o u n t e d  with a s te reo-  
scopic  m i c r o s c o p e .  

Five in fes ta t ion  dens i t i es  were  tes ted:  100, 
1,000, 4,000, 5,000, a n d  10,000 eggs a n d  j u -  
v e n i l e s / p o t .  T h e  4,000 was i n c l u d e d  be-  
cause  i t  has b e e n  r e c o m m e n d e d  as a stan- 
d a r d  in fes ta t ion  level in race  tests (Riggs a n d  
Schmi t t ,  1988). Each  level in  each  test  was 
r e p l i c a t e d  5 t imes,  a n d  all levels o f  each  race  
were  tes ted  at  the  same  t ime.  Al l  tests were  

TABLE 1. D a t e s  w h e n  Heterodera glycines r a c e  tests  w e r e  c o n d u c t e d .  

Test Test time, 
number  Races tested Date started Date ended days 

1 1, 5, 9 26June 1996 26July 1996 30 
6 28June 1996 28July 1996 30 
2 26June 1997 4 August 1997 39 
3 24June 1997 4 August 1997 41 
4 30 August 1997 15 October 1997 46 

14 30 August 1997 17 October 1997 48 
2 1 26June 1997 31July 1997 35 

2 26June 1997 4 August 1997 39 
3 24June 1997 4 August 1997 41 
4 30 August 1997 15 October 1997 46 
5 26June 1997 7 August 1997 42 
6 3July 1997 11 August 1997 39 

14 30 August 1997 17 October 1997 48 
3 1 26June 1997 31July 1997 35 

3 24June 1997 4 August 1997 41 
5 26June 1997 7 August 1997 42 
2 30 August 1997 16 October 1997 47 

4 1 26June 1997 31July 1997 35 
2 30 August 1997 16 October 1997 47 
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repeated 1 to 3 times at different times dur- 
ing the year except race 9, which was tested 
only once. The race of  the populat ion in 
each test was determined following the race 
scheme based on the FI (Riggs and Schmitt, 
1988). 

RESULTS 

In test 1 with the stock population of  race 
1, the number  of  females produced  on PI 
88788, the only differential host susceptible 
to this race, increased greatly as the infesta- 
tion density increased from 100 to 10,000 

(Table 2). The numbers  of  females on the 
resistant differential Pickett also increased 
and at the 10,000 density were great enough  
for a positive rating (i.e., FI I> 10). Few fe- 
males were found on Peking and PI 90763 at 
any infestation level. On Lee 74, the number  
of  females was very high and increased as 
infestation density increased from 100 to 
5,000. However, the number  of  females de- 
clined at the 10,000 density. The stock popu- 
lation was consistently identified as race 1 at 
all densities except 10,000 when the popu- 
lation was identified as race 5. In compari- 
son to test 1, relatively low numbers  of  fe- 

TABLE 2. Numbers  of  females p roduced  on the race differentials for Heterodera glycines and s tandard deviation, 
the female indices (FI), and  race designat ions in four tests with five infestation densit ies of Race 1. 

Infestation densities ~ 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Test 1 
L e e 7 4  1 1 1 + 1 5 6  100 9 3 2 + 4 1 2  100 1 ,666+429  100 2 ,108+526  100 1 ,536+595 100 
Pickett  0 0 25 + 29 2.7 26 + 43 2 157 + 119 7 241 + 194 16 
Peking 0 0 0 0 5 + 7.5 0.3 0.6 _+ 1.3 0.03 17 + 20 1.1 
PI 88788 14 _+ 23 13 181 + 132 19 184 + 85 11 240 + 143 11 487 + 156 32 
PI 90763 0 0 0 0 0.2 + 0.4 0.01 0 0 0.6 _+ 0.5 0.04 
Hartwig 0 0 0.2 + 0.4 0.02 0 0 0 0 0.6 + 0.9 0.04 
Race 1 1 1 1 5 

Test  2 
L e e 7 4  4 7 + 1 5  100 110--.39 100 3 1 2 + 1 4 9  100 3 2 5 + 1 2 0  100 442-+148 100 
Pickett  0.2-+0.4 0.4 2 + 1 . 9  2 39_+15 13 3 2 + 1 1  10 63_+22 14 
Peking 0.4 -+ 0.5 1 0 0 0.6 -+ 0.5 0.2 1.2 + 2.7 0.4 0.2 + 0.4 0.05 
PI 88788 17 _+ 4.9 36 77 _+ 29 70 185 + 78 59 220 - 39 68 122 + 81 28 
PI 90763 0 0 0 0 0 0 0 0 0 0 
Hartwig 0 0 0 0 0.2 -+ 0.4 0.1 0 0 0 0 
Race 1 1 5 5 5 

Test 3 
L e e 7 4  17+9 .6  100 9 0 + 1 8  100 4 3 4 + 2 0 2  100 407+131  100 877-+374 100 
Pickett  0 . 2+0 .4  1 22_+12 24 4 7 + 2 1  11 37-+7.5 9 59-+7.8 7 
Peking 0 0 1.2 + 1.6 0.2 2 + 3.9 0.5 0.2 _* 0.4 0.05 1.4 _+ 1.1 0.2 
PI 88788 13 -+ 6.6 76 93 -+ 28 103 248 -+ 69 57 313 -- 151 77 354 _+ 94 40 
P190763 0.2 _+ 0.4 1 0.2 + 0.4 0.2 0 0 0 0 0 0 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 1 5 5 1 1 

Test  4 
L e e 7 4  24-+11 100 163_+91 100 6 7 8 + 2 1 0  100 439-+200 100 596_+273 100 
Pickett  2.2 _+ 2.8 9 35 _+ 27 21 31 -+ 14 5 36 -+ 15 8 61 -+ 25 10 
Peking 1.2 + 0.8 5 0.6 -+ 0.5 0.4 1.6 + 1.9 0.2 0.2 -+ 0.4 0.05 1.6 -+ 1.7 0.3 
PI 88788 27 -+ 8.5 113 124 -+ 53 76 187 -+ 53 28 234 -+ 65 53 190 _+ 169 32 
PI 90763 0 0 0.2 _+ 0.4 0.1 0 0 0 0 0 0 
Hartwig 0.2 _+ 0.4 1 0 0 0 0 0 0 0 0 
Race 1 5 1 1 5 

a Eggs + secondostage juveniles used to infest soil. 
b FI = Number of females on a differential/number of females on Lee 74 × 100. 
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males were produced  on tests 2-4 (Table 2). 
This populat ion was identified as race 5 at 
the 4,000, 5,000, and 10,000 densities in test 
2; at the 1,000 and 4,000 densities in test 3; 
and at the 1,000, and 10,000 densities in test 
4. 

The number  of  females produced  by the 
race 2 stock population on Lee 74 and the 
three  susceptible differentials increased  
slowly and almost proportionally to the in- 
festation densities from 100 to 10,000 (Table 
3). As a result, the FI on susceptible differ- 
entials were >10, and the number  of  females 
on the resistant differential PI 90763 always 

remained <10% of that on Lee 74 (Table 3). 
The populat ion was consistently identified 
as race 2 at all densities except 100, when it 
was identified 1 time each as race 4, 5, and 9 
(Table 3). 

Race 3 was stable at all infestation densi- 
ties in three tests (Table 4). The number  of  
females on Lee 74 increased significantly 
f rom the lowest to the highest densities. In 
addition, very few females were found on 
the four resistant differentials at any level. 

The results with race 4 also were very con- 
sistent (Table 5). The number  of  females 
produced  on Lee 74 and the four suscep- 

TABL~ 3. N u m b e r s  o f  f e m a l e s  p r o d u c e d  o n  t h e  r a c e  d i f f e r en t i a l s  f o r  Heterodera glycines a n d  s t a n d a r d  dev i a t i on ,  
t he  f e m a l e  i n d i c e s  (FI) ,  a n d  r a c e  d e s i g n a t i o n s  in  f o u r  tests  wi th  five i n f e s t a t i o n  dens i t i e s  o f  R a c e  2. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Tes t  1 
L e e  74  1 -+ 0 .7  100  36  + 19 100 106  _+ 32  100 235  _+ 77 100 292  + 66  100  
P i c k e t t  1.2 + 1.6 120  37  _+ 17 103  116  _+ 10 109 136  -+ 30 58 388  -+ 35 133 
P e k i n g  1.2 _+ 2 .7  120 17 + 5 .0  47  61 _+ 22  58 70  _+ 17 30 142 _+ 34  48  
PI  8 8 7 8 8  0 .4  _+ 0.5 40  13 -+ 6 .6  36 35 _+ 12 33 64  + 31 27 97  _+ 25 33  
PI  9 0 7 6 3  0 .6  ± 0.5 60 1.2 _+ 0 .4  3 8 .4  _+2.5 8 19 -+ 5 .0  8 26  _+ 4.3 9 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  4 2 2 2 2 

Tes t  2 
L e e  74  4.8 +_ 5 .0  100 22 + 6 .8  100  136  -+ 72  100 146  -+ 46  100 235  + 70 100 
P i c k e t t  11 _+8.9 229  2 8 - + 9 . 1  127  1 0 2 - + 2 2  75 1 4 0 + 2 4  9 6  1 4 4 + 6 4  107  
P e k i n g  7.2 + 5 .0  150  10 -+ 5 .4  45 48 _+ 35 35 5 6  + 14 38  90  _+ 44  38  
PI  8 8 7 8 8  1.2 ~_ 2 .6  25  10 _+ 5 .4  45  62 _+ 25 46  40  _+ 6 .8  27 113  _+ 52  48  
PI  9 0 7 6 3  0 0 1 . 6 + 1 . 3  7 9 - + 5 . 6  7 1 2 - + 7  8 2 2 - + 1 0  9 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  2 2 2 2 2 

Tes t  3 
L e e  74  0 .2  _+ 0 .4  100  50  _+ 22  100  127 _+ 31 100 238  + 90  100  275  _+ 8 0  100 
P i c k e t t  0.2 _+ 0 .4  100  29 + 18 58  48 _+ 18 38 125 + 42 53  130  _+ 73  47  
P e k i n g  0 0 5 + 6  10 1 4 + 7 . 2  11 2 6 + 8 . 1  11 4 3 + 1 4  16 
P!  8 8 7 8 8  0 .4  + 0.5 200  7.2 _+ 6.2 14 14 + 95  11 23  + 11 10 53  _+ 28  19 
PI  9 0 7 6 3  0 0 1 + 1  2 4 .6_+4.2  4 14_+6.8  6 12_+10  4 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  5 2 2 2 2 

Tes t  4 
L e e  74 2.6 + 3.8 100  15 + 13 100 198  + 85  100  71 + 7.8 100  299  _+ 116 100  
P i cke t t  10 +_ 12 384  48 _+ 57  320  122 _+ 74  62  70  + 43  9 9  142 _ 60  47  
P e k i n g  7.4 + 16 285  9 .3  + 10 62  40 + 25  20  2 4  -+ 12 34  50 -+ 15 17 
PI  8 8 7 8 8  0 .2  + 0 .4  8 6 + 3 .7  40  21 + 13 11 20  -+ 12 28  50 -+ 43  17 
PI  9 0 7 6 3  0 0 0.2 + 0 .4  1 6 + 6.2 0.3 1 + 1 1 10 + 6 .6  3 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  9 2 2 2 2 

Eggs + second-stage juveniles used to infest soil. 
b FI = Number  of  females on  a d i f ferent ia l /number  of  females on Lee 74 x 100. 
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TABLE 4. Numbers  of females p roduced  on the race differentials for Heterodera glycines and  s tandard deviation, 
the female indices (H),  and  race designat ions in  three  tests with five infestation densit ies of  Race 3. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females H Females FI Females FI 

Test 1 
Lee 74 14 ± 4 100 187 ± 59 100 525 ± 262 100 358 ± 90 100 667 ± 252 100 
Pickett  0 0 0 0 0.4 ± 0.9 0.1 10 ± 15 3 0 0 
Peking 0 0 0 0 10 _+ 21 2 0 0 0 0 
PI 88788 0.4 + 0.5 3 5 -+ 5.1 3 4 + 2.5 1 2 -+ 2.5 1 4 ± 2.5 1 
PI 90763 0 0 0 0 0 0 0.2 ± 0.4 0.1 4 ± 8 1 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 3 3 3 3 3 

Test  2 
Lee 74 6 + 6.7 100 176 ± 53 100 184 ± 82 100 234 ± 140 100 701 +_ 405 100 
Pickett  0 0 0.4 ± 0.5 0.2 0 0 0.2 ± 0.4 0.1 20 ± 39 3 
Peking 0 0 0.6 ± 1.3 0.3 0 0 0 0 1.8 + 2.7 0.3 
PI 88788 0.2 + 0.4 3 0.6 ± 0.9 0.3 4 ± 2.9 2 5 +_ 9 2 16 ± 5.0 2 
PI 90763 0 0 0 0 0 0 0 0 0 0 
Hartwig 0 0 0.4 ± 0.9 0.2 0 0 0 0 0 0 
Race 3 3 3 3 3 

Test  3 
Lee 74 24 + 11 100 130 + 51 100 166 _+ 73 100 282 + 171 100 402 + 176 100 
Pickett  0 0 0 0 0 0 0.6 _+ 1.3 0 3.6 ± 8.0 0 
Peking 0 0 0.2 + 0.4 0.1 0 0 0 0 0 0 
PI 88788 0 .2+0 .4  1 0 . 2 ± 0 . 4  0.1 2 . 4±1 . 3  1 3 ± 3  0.1 1 1 ± 1 1  3 
PI 90763 0.4 ± 0.9 2 0 0 0 0 0 0 0.2 ± 0.4 0.05 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 3 3 3 3 3 

a E g g s  + second-stage juveniles used to infest soi l .  
b FI = Number of females on a differential/number of females on Lee 74 x 100. 

tible differentials increased as infestation 
density increased. On each differential, FI 
was >10 at all densities except 100 in test 1, 
where the number  of  females on PI 90763 
was too low and the population was identi- 
fied as race 2. 

Race 5 consistently was identified at all 
inoculum densities in test 1 but  was identi- 
fied as race 15 at the 100 density in test 2 
and as race 1 at the 1,000 density in test 3 
(Table 6). Few females were found on the 
resistant differentials in any test. However, 
susceptible Pickett had relatively low num- 
bers in test 3, resulting in race misidentifi- 
cation at the 1,000 density. 

In test 1 with race 6, very high numbers  of  
females were produced  on Lee 74 and the 
susceptible differential Pickett (Table 7). 
On  the resistant differential Peking, the 
numbers  of  females produced  resulted in a 
positive rating, indicat ing race 9, at the 

1,000 and 5,000 densities in test 1 and at the 
4,000 density in test 2. On PI 90763, the 
numbers  of  females produced  resulted in a 
positive rating, indicating race 10, at the 100 
density in test 1, and indicating race 14 at 
the 10,000 density in test 1 and at the 5,000 
and 10,000 densities in test 2. Therefore,  
this population was identified as race 6 only 
at the 4,000 density in test 1 and at the 100 
and 1,000 densities in test 2. 

In tests with race 9, the number  o f  females 
on Lee 74 at the 100 densitywas higher than 
in tests with other  races at the same level 
(Table 8). Also, the number  of  females gen- 
erally increased on Lee 74 and Pickett as 
infestation density increased to 5,000 and 
then was lower at the 10,000 density. Num- 
bers of  females were low on resistant PI 
88788 and PI 90763 at the 1,000 and 4,000 
densities but  were relatively higher  at the 
100, 5,000, and 10,000 densities. Consistent 
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TABLE 5. N u m b e r s  o f  f e m a l e s  p r o d u c e d  o n  t h e  r ace  d i f f e ren t i a l s  f o r  Heterodera glycines a n d  s t a n d a r d  dev ia t i on ,  
t h e  f e m a l e  i n d i c e s  (FI) ,  a n d  r a c e  d e s i g n a t i o n s  in  f o u r  tests  wi th  five i n f e s t a t i o n  dens i t i e s  o f  R a c e  4. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females H Females FI Females FI 

Tes t  1 
L e e  74 13 _+ 3.9 100  37 _+ 8 .3  100 174  + 31 100 295  _+ 82  100 502  _+ 112  100 
P i c k e t t  16 = 9.8 123  47  + 22  127  262  _+ 85 151 264  + 42  89  445  _+ 52 89 
P e k i n g  3 + 15 23  16 + 5 .4  43  65  + 36  37 97  _+ 21 33  211 _+ 155 42 
PI  8 8 7 8 8  2 ± 1.5 15 17 -- 6.1 4 6  36  + 13 21 51 _+ 12 17 109  + 36  22 
PI  9 0 7 6 3  0 . 6 + 0 . 9  5 1 5 _ - 1 1  41 3 2 + 8 . 6  18 3 6 + 2 5  12 5 2 + 2 6  10 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  2 4 4 4 4 

Tes t  2 
L e e  74  10 _+ 7.8 100 30 + 15 100 185 _+ 49 100 306  _* 194  100 2 7 6  + 76 100  
P i cke t t  8 + 6.2 80  34  + 2 4  113 166  + 37  90  313  + 9 4  102 333  + 103 121 
P e k i n g  2 + 1.6 20 13 -+ 3 .4  43 6 7  + 15 36 110 + 35  36  147  + 53 53  
PI  8 8 7 8 8  1 + 1.4 10 13 + 6.9 43 52  + 28 28 62 + 27  20 100 + 13 36  
PI  9 0 7 6 3  1 +- 1.2 10 14 _+ 15 47  22  + 5 .4  12 31 -+ 5 .8  10 39  + 16 14 
H a r t w i g  0 0 0 0 0 0 0 0 0 0 
R a c e  4 4 4 4 4 

Eggs + second-stage juveniles used to infest soil. 
b FI = Numbers  of  females on a d i f ferent ia l /number  of  females on Lee 74 x i00. 

ident i f icat ion of  this popu la t ion  as race 9 
was ob ta ined  at all infestat ion densities. 

Female  numbers  were low at all infesta- 
t ion densities on all differentials and  on Lee 
74 with the race 14 popu la t ion  (TabLe 9). PI 
88788 was resistant at all infestat ion densi- 
ties in the two tests with the race 14 popu-  
lat ion except  at the 1,000 density in test 2 
(Table 9). Susceptible differentials had  in- 
creased numbers  of  females as infestation 
density increased.  At the 1,000 density, the 
n u m b e r  of  females on Lee 74 was low in 
both  tests, which resul ted in FI > 10 on PI 
88788 in the second test and  identif icat ion 
as race 4. Tests with the 100 density pro- 
duced  very low numbers  of  females, and  the 
popu la t ion  was ident i f ied  as race 6 in test 1 
and  as race 9 in test 2. 

D I S C U S S I O N  

Race de te rmina t ion  is based on resistant 
and  susceptible responses of  four  differen- 
tials to a test popu la t ion  (Riggs and Schmitt,  
1988). In the race test a differential  is sus- 
cept ible  to a given popu la t ion  if the FI i> 10 
(Golden  et al., 1970). In contrast ,  suscepti- 

bility of  a soybean b reed ing  line or  cuhivar is 
ra ted at different  levels with FI ~< 9 be ing  
resistant, FI of  10-30 be ing  modera te ly  re- 
sistant, FI of 31-60 be ing  modera te ly  suscep- 
t i b l e ,  a n d  FI  1> 61 b e i n g  s u s c e p t i b l e  
( S c h m i t t  a n d  S h a n n o n ,  1992) .  T h u s ,  
enough  females must  be p r o d u c e d  on Lee 
74 to make the de te rmina t ion  of  the reac- 
t ion of  a given differential  or  cultivar cred- 
ible. At the 100 infestat ion density, numbers  
of  females ext rac ted  f rom Lee 74 were al- 
most  always low and  the FI were very vari- 
able. In these tests, the numbers  of  females 
p r o d u c e d  on Lee 74 at the h igher  (5,000- 
10,000) infestation densities were not  always 
p ropor t iona l  to the infestat ion levels. With 
six of  the seven races, the average percent-  
age of  females on Lee 74 relative to the in- 
festation level was lower when a density of  
10,000 was used than when lower densities 
were used. However, the n u m b e r  of  females 
p r o d u c e d  on resistant differentials relative 
to the infestation density r ema ined  at  about  
the same level at all densities, which resul ted 
in FI > 10 in some cases. In three of  four  
tests with race 1, for example ,  the popula-  
t ion was repea ted ly  ident i f ied  as race 5 at 
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TABLE 6. Numbers of females produced on the race differentials for Heterodera glycines and standard deviation, 
the female indices (FI), and race designations in three tests with five infestation densities of Race 5. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Test 1 
Lee74 16_+8.6 100 124_+9.2 100 154+57 100 794+325 100 465_+149 100 
Pickett 1.8 -+ 1.6 11 34 -+ 24 27 49 -+ 38 32 276 + 124 35 340 + 161 73 
Peking 0 0 0 0 0 0 0.2 + 0.4 0.03 4.8 _+ 2.7 1 
PI 88788 7.8 + 5.0 49 53 +- 24 43 150 -+ 36 97 582 -+ 203 73 316 + 155 68 
PI 90763 0 0 0 0 0 0 0 0 7.2 _+ 4.5 2 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 5 5 5 5 5 

Test 2 
Lee 74 19 _+ 6.9 1O0 174 _+ 69 100 216 _+ 80 100 252 + 54 100 452 + 141 100 
Pickett 4.5 _+ 3.9 23 28 + 30 16 41 + 29 19 55 _+ 31 22 132 + 91 29 
Peking 1.2 -+ 1.6 6 0 0 3.6 -+ 2.5 2 1.2 + 2.7 0.4 6.6 + 5.3 1 
PI 88788 7.8 + 6.2 41 59 -+ 26 34 149 _+ 71 69 146 + 55 60 348 _+ 110 77 
P190763 6.2 -+ 3.5 33 0.6 + 1.3 0.3 0 0 0 0 0 0 
Hartwig 0.6 -+ 1.3 3 0 0 0 0 0 0 0 0 
Race 15 5 5 5 5 

Test 3 
Lee 74 17 _+ 6.2 100 223 + 39 t00 201 + 45 100 330 + 65 100 552 + 125 100 
Pickett 3.6 + 2.5 21 20 + 9.3 9 88 + 42 44 41 + 36 12 79 _+ 46 15 
Peking 0 0 0 0 9 + 5.2 4 3.6 + 2.5 1 7.8 + 7.5 1 
PI 88788 7.2 _+ 5.4 42 66 + 25 30 145 + 49 72 132 + 70 40 270 + 59 52 
PI 90763 0.2 _+ 0.4 1 3 + 6.7 1 1.6 + 2.2 1 0 0 0 0 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 5 1 5 5 5 

a Eggs + second-stage juveniles used to infest soil. 
b FI = Number of females on a differential/number of females on Lee 74 × 100. 

t h e  10,000 d e n s i t y .  A t  t h e  s a m e  t i m e ,  a t  t h e  

100 i n f e s t a t i o n  d e n s i t y  t h e  r a c e  2 p o p u l a t i o n  

was  i d e n t i f i e d  as a n o t h e r  r a c e  in  t h r e e  o f  

f o u r  tes ts  a n d  t h e  r a c e  14 p o p u l a t i o n  was  

i d e n t i f i e d  as a n o t h e r  r a c e  in  b o t h  o f  t h e  

tests .  H o w e v e r ,  i n  tes ts  w i t h  r a c e s  1, 3, 5, a n d  

9, t h e  n u m b e r s  o f  f e m a l e s  p r o d u c e d  o n  L e e  

74 i n f e s t e d  w i t h  t h e  100 d e n s i t y  w e r e  suffi- 

c i e n t  to  c o r r e c t l y  i d e n t i f y  t h e  r ace .  T h e  p o o r  

o r  v a r i a b l e  r e su l t s  w i t h  t h e  100 o r  1,000 d e n -  

sity s u g g e s t  t h a t  a m i n i m u m  leve l  o f  i n f ec -  

t i o n  u n i t s  is r e q u i r e d  to  e n s u r e  t h e  p r o d u c -  

t i o n  o f  a r e a s o n a b l e  n u m b e r  o f  f e m a l e s  o n  

L e e  74 f o r  a va l id  r a c e  d e t e r m i n a t i o n .  Be-  

c a u s e  t h e  v a r i a t i o n  in  r a c e  i d e n t i f i c a t i o n  in  

t h e s e  tes ts  m o s t l y  o c c u r r e d  a t  t h e  100 d e n -  

sity, d e n s i t i e s  as l ow as 100 s h o u l d  n o t  b e  

u s e d  in  r a c e  tes ts .  

S e l e c t i o n  p r e s s u r e  by  r e s i s t a n t  d i f f e r e n -  

tials was o b v i o u s  a t  h i g h  levels  o f  i n f e c t i v e  

un i t s .  I n  tes ts  w i t h  r a c e  1, P i c k e t t  was s u s c e p -  

t ib le  a t  t h e  10,000 d e n s i t y ,  w h e r e a s  a t  l o w e r  

i n f e s t a t i o n  d e n s i t i e s  i t  was r e s i s t a n t .  I n  tes t s  

w i t h  r a c e  6, P e k i n g  a n d  PI  90763 ,  n o r m a l l y  

r e s i s t a n t ,  w e r e  s u s c e p t i b l e  a t  t h e  5 ,000 a n d  

10 ,000  i n f e s t a t i o n  d e n s i t i e s .  S u c h  c h a n g e  

m a y  b e  e x p e c t e d  b e c a u s e  g e n e t i c  d ive rs i ty  

a m o n g  t h e  i n d i v i d u a l s  o f  t h e  s a m e  p o p u l a -  

t i o n  a l lows i n c r e a s e s  i n  t h e  n u m b e r  o f  fe- 

m a l e s  o n  t h e  r e s i s t a n t  l i ne s .  A t  t h e  h i g h  

p o p u l a t i o n  levels ,  t h e  n u m b e r  o f  i n d i v i d u a l s  

t h a t  c o u l d  m a t u r e  o n  t h e  r e s i s t a n t  l i n e s  

w o u l d  b e  h i g h e r  t h a n  a t  t h e  l ow p o p u l a t i o n  

levels .  A l so  at  h i g h  i n f e s t a t i o n  levels  a n u m -  

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

t h e  s u s c e p t i b l e  L e e  74 m a y  n o t  b e  a b l e  to  

m a t u r e  b e c a u s e  o f  t h e  c r o w d e d  c o n d i t i o n s .  

T h e  c o m b i n a t i o n  o f  h i g h e r  p o p u l a t i o n  lev- 

els o n  r e s i s t a n t  d i f f e r e n t i a l s  a n d  l o w e r  n u m -  

b e r s  m a t u r i n g  o n  L e e  74 c o u l d  r e s u l t  in  FI > 

10 a n d  m i s i d e n t i f i c a t i o n  o f  r aces .  P r e v i o u s  

r e s e a r c h  s u p p o r t s  t h e s e  r e s u l t s  i n  t h a t  l ow 
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TABLE 7. N u m b e r s  of  females p roduced  on  the  race differentials for Heterodera glycines and  s tandard  deviation, 
the  female indices (FI), and  race designat ions  in two tests with five infestation densities of  Race 6. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Lee 74 47 + 29 100 1,415_+ 1,359 100 
Pickett  95 _+ 79 202 1,302 _+ 591 92 
Peking 3 + 6 . 7  6 136_+84 10 
PI 88788 0 0 0.2 _+ 0.4 0.01 
PI90763 9_+6.4 19 35-+32 2 
Hartwig 0 0 0 0 
Race 10 9 

Lee 74 7.2 _+ 6.2 100 89 + 25 100 
Pickett 7.8 _+ 6.2 108 64 _+ 37 72 
Peking 0 0 4.6 _+ 5.5 5 
PI 88788 0 0 3.4 _+ 6.5 4 
P190763 0 0 5.6 _+ 9.0 6 
Hartwig 0 0 0 0 
Race 6 6 

Test  1 
3,730_+ 1,734 100 1,810 + 2,035 100 2,081 + 952 100 
1,325_+332 36 1,814_+947 100 2,282_+1,199 110 

170 _+ 112 5 422 _+ 164 23 536 + 322 26 
11_+7.8 0.3 12_+12 l 2 9 + 2 1  1 
60 -+ 57 2 125 -+ 47 7 258 + 95 12 

0.6 _+ 0.6 0.02 0 0 0.4 + 0.5 0.02 
6 9 14 

Test  2 
175 -+ 55 100 355 + 147 100 250 + 79 100 
218 + 85 125 354 _+ 108 100 342 + 45 137 

17 + 7.8 10 66 + 32 19 85 -+ 39 34 
5.4 -+ 1.3 3 5 + 4.3 1 2.4 _+ 3.3 1 
11_+8.1 6 43_+32 12 36_+25 14 

0 0 0 0 0 0 
9 14 14 

a Eggs + second-stage juveniles used to infest soil. 
b FI = Ntunber of females on a differential/number of females on Lee 74 x 100. 

i n f e s t a t i o n  d e n s i t i e s  o f t e n  p r o d u c e d  t h e  

g r e a t e s t  n u m b e r  o f  f e m a l e s  o n  t h e  s u s c e p -  

t i b l e  c u l t i v a r s  a n d  l i n e s  ( M i l l e r ,  1 9 6 6 ) .  I n  

c o n t r a s t ,  m o r e  f e m a l e s  w e r e  p r o d u c e d  o n  

r e s i s t a n t  P I  9 0 7 6 3  a n d  P I  2 0 9 3 3 2  as  i n f e s t a -  

t i o n  d e n s i t i e s  i n c r e a s e d .  M i s i d e n t i f i c a f i o n  o f  

r a c e s  m i g h t  n o t  o c c u r  b e c a u s e  o f  i n c r e a s e d  

n u m b e r s  o f  f e m a l e s  o n  r e s i s t a n t  d i f f e r e n t i a l s  

i f  t h e  n u m b e r  o n  L e e  7 4  i n c r e a s e d  w i t h  i n -  

f e s t a t i o n  d e n s i t y .  U n f o r t u n a t e l y ,  t h e  c o m b i -  

n a t i o n  o f  r e s p o n s e s  o f  s u s c e p t i b l e  L e e  7 4  

a n d  t h e  r e s i s t a n t  d i f f e r e n t i a l s  m a y  a f f e c t  

s o m e  F a c e s  m o r e  t h a n  o t h e r s .  F o r  e x a m p l e ,  

f e m a l e  p r o d u c t i o n  w o u l d  b e  m o r e  l i k e l y  t o  

i n c r e a s e  o n  P i c k e t t  t h a n  o n  P e k i n g  o r  P I  

9 0 7 6 3 ,  w h i c h  h a v e  h i g h e r  l e v e l s  o f  r e s i s t a n c e  

t o  H. glycines. 
M a n y  r a c e  t e s t s  t h a t  a r e  r e p o r t e d  d o  n o t  

i n c l u d e  t h e  l e v e l  o f  i n f e s t a t i o n  u s e d  ( A n a n d  

a n d  B r a r ,  1 9 8 3 ;  Riggs e t  a l . ,  1 9 8 2 ;  Y o u n g ,  

1 9 8 9 ) .  P r o b a b l y  m o s t  r a c e  t e s t s  o n  f i e l d  

p o p u l a t i o n s  o f  H. glycines a r e  r u n  w i t h o u t  

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

u n i t s  i n  t h e  s o i l  o r  o f  t h e  n u m b e r  o f  e g g s  

TABLE 8. N u m b e r s  of  females p roduced  on  the  race differentials for Heterodera glycines and  s tandard  deviation, 
the  female indices (FI), and  race designat ions in one  tests with five infestation densities o f  Race 9. 

Infestation densities a 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Lee 74 61 + 53 100 365+ 498 100 1,013+ 1,084 100 1,552 + 1,354 100 821 _+ 329 100 
Pickett 152 + 105 249 450 + 445 123 350 + 84 35 1,374_+ 1,108 89 704_+ 357 86 
Peking 11 + 15 18 44 _+ 28 12 382 -+ 291 38 230 -+ 165 15 542 _+ 302 66 
PI 88788 3 _+ 5.1 5 0.4 _+ 0.5 0.1 0.4 + 0.5 0.04 10 + 5.4 1 19 _+ 8.9 2 
P I90763  4_+5.4 7 3 . 6 + 5 . 4  1 1 2 + 1 5  1 2 4 + 1 5  2 70_+36 9 
Hartwig 0 0 0.8-+ 1.1 0.2 2.4_+ 5.4 0.2 0 0 0.2_+ 0.4 0.02 
Race 9 9 9 9 9 

Eggs * second-stage juveniles used to infest soil. 
b FI = Number of females on a differential/number of females on Lee 74 x 100. 
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TABLE 9. Numbers  of  females produced  on the race differentials for Heterodera glycines and standard deviation, 
the female indices (FI), and race designations in two tests with five infestation densities o f  Race 14. 

Infestation densities ~ 

100 1,000 4,000 5,000 10,000 

Differentials Females FI b Females FI Females FI Females FI Females FI 

Test 1 
Lee 74 3.6 _+ 2.3 100 30 _+ 7.3 100 172 _+ 62 100 173 _+ 34 100 331 _+ 63 100 
Pickett 1.8 _+ 1.1 50 30 _+ 6.0 100 118 _+ 26 69 204 _+ 29 118 388 _+ 117 117 
Peking 0.2 _+ 0.4 6 17 _+ 5.0 57 40 _+ 20 23 36 _+ 17 21 68 _+ 27 21 
PI 88788 0.2 _+ 0.4 6 1.5 _+ 1.6 5 6.6 _+ 6.5 4 6.6 _+ 3.2 4 3.8 _+ 2.6 1 
PI 90763 0.2 _+ 0.4 6 16 _+ 11 53 50 _+ 15 29 49 _+ 16 28 163 _+ 26 49 
Hartwig 0 0 0 0 0 0 0 0 0 
Race 6 14 14 14 14 

Test 2 
Lee 74 4 _+ 3.7 100 28 + 7.8 100 112 _+ 13 100 179 + 31 100 342 + 84 100 
Pickett 2.2 + 1.6 55 37 + 11 132 137 + 37 122 181 + 47 101 382 + 107 112 
Peking 0.8 + 1.1 20 13 + 3.9 46 40 + 20 36 67 + 30 37 148 _+ 31 43 
PI 88788 0 0 3 + 4 . 2  11 4 .6+3.5 4 9 + 5 . 2  5 16_+6.8 5 
PI 90763 0.2 + 0.4 5 9.6 _+ 3.3 34 49 _+ 24 44 45 _+ 6 25 127 _+ 36 37 
Hartwig 0 0 0 0 0 0 0 0 0 0 
Race 9 4 14 14 14 

a Eggs + second-stage juveniles used to infest soil. 
b FI = Number of females on a differential/number of females on Lee 74 x 100. 

p r e s e n t  t h a t  wi l l  h a t c h  d u r i n g  t h e  t e s t .  R e -  

s u i t s  f r o m  t h e  p r e s e n t  s t u d i e s  i n d i c a t e  t h a t  

r a c e  t e s t s  r u n  u n d e r  s u c h  c o n d i t i o n s  m a y  

n o t  b e  r e l i a b l e .  T h i s  r e s e a r c h  s u p p o r t s  t h e  

u s e  o f  a n  o p t i m u m  i n f e s t a t i o n  d e n s i t y  i n  

i d e n t i f y i n g  r a c e s  o f  H. glycines a n d  f u r t h e r  

i n d i c a t e s  t h a t  4 , 0 0 0  e g g s  a n d  j u v e n i l e s / 7 -  

c m - t o p  d i a m . - c l a y  p o t  ( 4 5 . 9  c m 3 ) ,  a s  u s e d  i n  

e a r l i e r  t e s t s  ( K i m  e t  a l . ,  1 9 9 7 ) ,  a p p e a r e d  t o  

b e  t h e  b e s t  o v e r a l l  d e n s i t y  f o r  o u r  e x p e r i -  

m e n t a l  c o n d i t i o n s .  L o w e r  o r  h i g h e r  i n f e s t a -  

t i o n  l e v e l s  w e r e  m o r e  l i ke ly  t o  r e s u l t  i n  m i -  

s i d e n t i f i c a t i o n  o f  t h e  r a c e  o f  a g i v e n  p o p u -  

l a t i o n ,  w h e t h e r  a s t o c k  c u l t u r e  o r  a f i e l d  

p o p u l a t i o n .  E a c h  l o c a t i o n  t h a t  c o n d u c t s  

r a c e  d e t e r m i n a t i o n s  f o r  H. glycines s h o u l d  

d e t e r m i n e  t h e  o p t i m u m  i n f e s t a t i o n  d e n s i t y  

f o r  t h e i r  c o n d i t i o n s .  
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